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and Bre considered to relrresent rnost of the Ordoviclan Period.

'he mosi corlplete fossiiiferous section, Bt Aorangi l'line in
Norihwest l{elson, is described in Cetail. }Ieiv fossiliferoue

9f 0ovician sections at l'angspe.is Valley and i{Eriles i{nob, in

$orthvresi l{e1son, are rlescribed and the previously i{nown

sections at Cobb Valley (itortlrwest Nelson) and the Cape

Providence Preservation Inlet region (Southwest Otago) are

d i scussed .

The Nevr Zealand zone s are c orrela ted vri th those of

Victoria, Australia, an"d the Victorian stage nomenclaturo

is adopted for New Zealand. In upivard sequence the stages

and zones are: Lancef ietclian (zones 1 , Adelosraptus, and

2, T.aoproxinratus), Bendigonian (zone J, T. frutlcosus) ,

Chervtonian (zone 4r D.prgtcbif idus) , Castlemainian (zones 5,

r.c.1qnnta, and 6, r.c.maximorliverr€ns), Yapeenian (zone 7,

Oncosrantus), Darriivilian (zones B, P.etheridg€1, and 9,

D.,Cecoratus), Gisbornian (zone 1O, N.-gIi-g1-Lis), Eastonian

(zone 11, Orthoc'.ra'otuE lower par'u) and Bolindian (zone 11 ,
. t...

OrthograptLls ,*. upper pari? ).
Lancef ield ian ; and upperrriost Bolind ian age a ro not yet known

in New Zealanb-. Diagnostlc Silurlan fossils are also

unknown and ihg next younge st Nery l.ealand f osslls are Lower

Devonlan (OeA innian? ) .

Fosslls of loyrermost
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Previoiis vrorlc il t,i'rs rioranCi i,rine area is outlinod,
the geolog;t ilIust:'rrteu ry R;r'iap, anci ths strsiiigrerphic

coluntn shot','n 1;o incl-ude both oICer, and younger becis than

!'rere previousiy itnoln. About 6500ft thrickn the colurnn

cortrprises, irr upvrard sequence, r,'febb tr'ori'nation, Aorangi iiiine

tr'ormation (vrith four inl'orntal mernbers), Fornrat,ion,A (new Bnd

lnformal, with t,hree nrenbers), ancl r.'ormaiion B (new and

informal). Grapiolites ere confined to the three younger

formaiions and represent zones'1 to 1O, ranglng ln age frorn

Lancefieldi.an to Gisbornian. The structure is outlined and

illustraied by cross-sections.

rn'i/angapeka vairey, argillites of the vvangapeica'

Forrnatiorr contain zorle 11 grapiolites of Bastonian and Jower

Bolinclian nge, ancl are overlain by 15o0ft of quartzite of
the Ellis Formation, ivltiqh has yielded no diagnostic fosslls
but which ls inferred to rcpre sent at least part of thre

Silurian perj oa. Lov/er Devonien brachlopods, bivalves ,

corals and'trj-lqbites are knovrn from the uppermost beds of
the trlIis Forrnailonr &bout 1i5oft above lts base.

At lIalles Knobr ltount Arthur iliarble wlth fossils of
uppermost Ordovician age is overlaln by Hailes Knob euartzite
of probable Silurian age.

From the Aorangi l{ine and wangapeka areas, one

hundred and thirteen graptotiie species and subspecles,

representtng 35 genera, a.re described. They include ono named

new species and 49 new records for New Zealand. Stratlgraphic
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and geogrsphrii" O'is trillution elsewhere ln tho world ls rioted.
The genera T,soFrnptu-s i,.ioberg and pnren.lossogrerrtus iiiu are
revievred, and t,heir lielv Zealand rnenbers described ahd

dlscussed 1n detalI. 'nhe inrportant zonal sp€clee a,nd

subspecies ar€ also clescrlbed in detall; t6e nemalncler are
brief Iy di seussed. ORe trunCred a,nrJ slx taxa are f,igured .

Ino*"i_1 locaIi ties in the areas de-scrlbed aro li sted
with tire,f r-'f'bssils in appgndtx I, and details sf mea,sured

Section" u"", glven ln appendlx II. A surrunsry of frower
j

Paleozoic fossil loealities of Northwest Nelson is givon
ln a supporting papero

I
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1 . Gllit:Lli?Al_LriliQqgru!.a

:"-.

Ge o1 ol,. i_e a 1-_lje t t i ng .

North','rest i'lelsoil is the largest an'l inost i;tiportant

region of' f'ossiliferor$ ;..iddle and Lot'rer Paleozolc seolr0ootary

rooir,s ln i'Ielrr Zealnnd (fiC;.1). Dintribution of the rliain rock

gr.oups of }iorthrrrest iielson ai-rd of all recorded fossil

localitles ls shorvtr in i)-9.2, together I'rith the li,7,.r'i.S,1

(l z 63 1360) inap slreet ,roundaries and the locati on of areas

rnapped in detail in this thesls. A list of the fossil
Iocalitles anC of published reference6 to fossils or localltles

1s given by Cooper (t gesr supporting paper) together wlth n

brief Fccoutit of the lrrtddle and Lorver Paleozolc f ossi I.s f rorn

elsewhere tn i{evr Zealand.

The older Paleozolc sedirnents fornr three north-tnending,

fault-bounded belts: a cetltral belt of Carnbrian volcanic and

volcatlogenic sedirnents; a lvestern belt of Lower to Upper

Orilovician sedinrents; and an eastern belt of Upper Ordovician

to Devonian sedirnonts.

metarnorphisro lg. widespread; higir grade raetarlorphisrn is conflned

to near granit'i'O bodies. The rocks have undergone Eeveral

phases of defofiratlon (Crindley 1961) and foseltlferous
seq.uences spannlng two or rnore lfthologlc or btostratlgraphlc

unlts ane rare. Three fosslllferous areag have been studled

by previ ous worke rs.

The f t rst , the Cobb Valley - Iiount Arthur area, tD

Lorr grade (chlorite zone) regional
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fig

Preservat:lon
In].et

Ftg.l. Looalltt 6ap shortag Lotcn and l|ldtllc Paleoroto

fos'slllfcrour rooEa ( Uf aof ) togethcr tl tb gcDcrallecd

prlr-Olctaosoug unltg of tbc South f eland. A, Palcogolo

and ?Icaorolo gnanttse and aesoolatcd rooksr Plc-Dcvonlaa

unfoarlllfcnour rcdlocnterfr lgncoutr end notamorpblo rooL!.

P rPcrnlan; TlTrlasalo 3 JrJuraaslo i P rTr and t bclng

scdlucntr, roleanloa and rohlata of tbc Xer Scalend Ocoeynoll,nn
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lftbt. Dlrtrtb$tloe ef ntl F.L groopr al! of fomtl
frrffttrr otr lclthrtt Dhm. tubor.fd lcrllttm
rrrr ltrtrf br Geocrr (r9el, nprportrEl DrFr). !b.
foqfl lterr Ertlu fDoD, eod tm;pf*r rrrrt rFr
lrClortotr tqrtbrl rftb f.l.I.t.l rrD rbrt ffifartm
(sf r tf rto). orola;r nllty flor eilrdlrt (rg6f )"





B

jY.Z.l'[.S.1 iiiap sirect S1], T/as inappecl in 1925 by llenderson,
..

Grat:ge andi ir.acphe rs on. Grep t oIi te s c oliec ted ,l rrr1ng rnaplring

wero describeri Dy- ^(ebie anil tsenson ln 1929 and colrelated rrlth

Victorlnn faunas froni'ruhnt are nolv r<,nouin as the upper

Darriwillan anC lower Gi sbornlan stage s. I'urther coirtriients on

the age anrJ correlation of the gra{.rto}ites rvere glven by

Bensolt and i(oble ln 1936. The area \yas recollected in.nore
detall by Slcwarl.-o UgaZ) i'rho largely substantlated the earller
age de te rininati ons anci de scrlbed nrany new f orms .

The second Brea is at Baton River, ln Id. Z,il'i. S.1 rnap

sireet Sl 9. Devonian fosstls lvere described by Shlrley (tg:g)

and Rssigned an ttuppsr Siegentan or lower Ernsiantt age. Revised

1lsts and deternrlna tlons heve slnce been publietred by Allan
(tgt+il, Bouc";li1963), inttis (tgsil and \I,/risht (rgdg).

area wBS rnapperl ln cletnil by ',Villls (lgSS).

The

The tht rd area i s a t Aorangl r'riine , ir N. Z. iii. S. 1 .map

sheet S2. Previous lyor-k is reviewed rvith the detalled account

glven in this report. The relationshlp of tho Cobb Valiey
and tsaton River sequences to those tliscussed 1n thls report
are given in chapter 5.

Sc cpe aqd _Purpgse o_f 
"/ork.

The-'aln of the present project has been, firstry, to
establlsh 'a blgstratigraphlc subdlvleion of the Ordoviclan of
Northwest Nelson based on the local seqirence of f oseile and,

secondlyr to oetablish i[erv Zealand Ordovician ti'ms-gtratlgraphlc

divlslon6.
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1, The for:si1 seqotlrico','/irs rietur:riined at each of ti:ree

key f ossiliferous areir s Aorrngi r,.ine , ;rangs peKa Val1ey ancl

lialIes .t(nob by ,JeiaiIeo rnni)ptng and collecting.
2. Tl:e three sequeltcec \"/ere correintod r,vith cequences

described frorii elservhere in i.ierv Zealan,J r parttcularly the Cobb

Valley l,,ount Arthur-r'egion, and the Preservation Inlet area

of Southr'le s t Otago .

3. IIew ZeaLand graptoli'r,e zones i/ere established.

4. The l{erv Zealrrnij graptoltte seqrrence was correlated wlth

that of Victorla, and the Victorian stage classlficatlon
adolrtod r'or Ngw Zealand.

Slx rnonths tvere spent in the fleld, most tirne belng
:spent ln the Aorangi ii;ine are€r whicir was found to have the rnost

cornplete and least corilplica'ued Crdovictan sequence in lteiv

Zealand, extending fron basai Ordovician to Upper Ordoviclan

(f n terms of the Vlctorian srccession) . The ,Tangepeka and

Halles linob areas ( see f ig.2) v/ere arso examined; uppor

Ordovician fosslls were collected fronr iirangapeka ValIey, and

fosslls ranging from Upper Ordovician io Devonian ln age v/ere

collected froiri IIailes Iinob. Systerriatic descriptions ln thls
theels are reatricted to gr"aptolites wi'rlch yrere found to be of
rnost use ln zoning and correlation of the Ordovlcian.

te rmt rl ot q$f 
.: 
" '','

'Paleontologlcal terrns, collection nurubere and locallty
nunbere etc. , are discusserJ 1n Part II of thts thesls i other

terns are used tn general descriptlon.

rn genorar New zealand usage, the terrns argllllte,
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siltsf,one l and slate largely conform to the definitions by
-:

Twenhofel (lgSl) and Fetti;ohn (tgSl 2342') . sittstone (and

the flner-[Trained equiva]-errtr f,lurlstone) and shale are t]re
nonfissile aucl fissils products res:)ectively of cofitt)acted

s11t- snd clay-G t-zed particie s. A{g j-lIite i s nonfissile
indurated or incipiently iTieiarlorpirosod siltstone or rnudstone,

tvhile the f i,ssile equival,ent ls usually terrnecl siate. r{ith
lncreased irtetarnorl:hlsnr and recrystallisation argillite passe6

into slate and eventuali;r io schist. Chert is highly
sll.iceous r flne-grained or v1^r,reous, and generally breaks with

concoidal fracture.

?uartzite, is used for compact quartz sandstono

cemented with siltca ancl corresl:onds to Itorthoqua rtzltett of
Krynlne (rg41 ), Pettijohn (lgsl) etc. sanctgtones are

I

dlstlngulshed by ogl"t less cemented and rnore porous.

Table -I. Classification of pelitic rocks

( rrrorJ 1f i ecl f'r.ori: Turenh of e1 , 19 j7) .

Pa rticle
Slze

Corirpaction and
,incluratlon

Incirlient
n-,e taii;orohi sn

ile taillorph 1c
eoulvalent

silt ?
and

Clay 1

Siltstone or
nlucl s Ione

'q)
lrf

Fr .no a-
l-- .A
}al v.l

.r-1

) Argilllte 
\

Sla te -->SchlstShale
c)
t-l'd>
(n
.rl
fr{

$Ia te 
->
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i.esosconie and ,ilrrcfo:-:col-i-c gtt'uctures 8re of hand-

speciriien to o..rtcro!) size ani Iarger-thBn-outcrop size

reBpeciively (rurner 6nrl iieiss, 1963).

Grid rei'erences given are in terins of the foliowlng
rnap editions: i{,z.li.,s.1e sheet s2(1965 edition) r sl(1946

eclltlcn) , s7(1 965 editlon) , sS(19r+8 eclition) , s1J(r gtc oditlon)
anrl Sl 9?gSl eclition).

"lhe.- Or,Jovician is here divided as in Vlctoria (u.g.

by Thomas 1960); . Lorvqr 0rrlovician lnclucies the Lancefieldtan,
Bondigonlan, Chewtonlan, Cestlemalnlan, and Yapoenlan etages;

i;i1,1019 Ordovlclan incluriss ti:e Darrisvilian stage only; ijpper

Ordoviclnn lnciudes the Gisbornian, Eastonian, and Bolindlan

stages. The'divisions are dlscussed in rnore oetail ln
ehapters 5 anri 5.

A c kn o wI e_0ile .JiF.n t s .

I wlsh to thank Professor l{,'/V.'iVe}lrnan and Dr A.J.Wright

of Vlctorla lJnlversity of iielllngton, for crlticlslng the

orlgtnal draught of this tlresis. Profesgor O. ir., B. Bulrnan of
Cambrldge Unlversi ty, Eorl Dr D. Skevlngton of Unlversity College ,

London, exarnined sorne of the l{elson graptoltte eollectlons
rlurtng thelr brlef vlslts to ltlerry Zealnnd in 1957 and dlscLtssed

s ome points of taxonorny wl th ffie r f or whl ch I aln gra tef ul.
Dn F.F. Osborne of Laval Lintversityr ,]uebec, Irlndly gavo ine

inforrnation about Polnt Levls, Quebec the type loealtty of
I eograptus caduceus ,5n1ter.

I have b.enefited greatly from the rnany dlscusgtons
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v'/ith fi3r coll,eagutsB, Jrs A. G..lleu, I. G.3pgrlen, anc) r"r ;J.R. BrlBdst

on various eopects cf pnleontology, The Bssistanco of tilr

Brlggs ln esiabllshini: iechniq.ues cf photogr".r-Dhing graptolltes

l-s espeelally appreciated. The te rt-figures and plates 'flere

f inally redueed anrl copied by i'ir T. Ulyatt, New Tea1and

Geologleal Survey, Loler iiutt.

For par'u of ti:e f ield lvorJi I vvas assisted by Dr A.J.

.Vright, Prof'essor li.'if .,'/eilinaD ancl students, of Victorla

Unlverglty, and uir G.r.Grindley, !',ir D.G.Bishop, liir D.S.Kor, and

lJr i,i. R. Johnston, of ihe lievr Zealand Geologlcal Survey, Lower

Hutt. I arn partlc*lerly gratef ul for the loan of large

sollec'tions'frorn Paturau }llver, rnade by Dr A.J.'rfrlght durlng

1956-8. The hospitality of Dr and llrs il,Roborgh of Itiwaka,

hlr and i,irs P. Bell of ivanga-pek,a Va1ley, and llir J. Sweeney of

Aorangi l\iine rvas rriost rrelcoine.

I am i-nrlebted to'Dr R.,",I.iVillett, Dr D.KeEf r and the

Departinent of Scientific an,f Inc.lustrial .Researeb, New Zealand,

for grantlng me $pecial leave and thus enabling nie to undertake

thls theBis. The Internal R,esearch Corlmltteo of Victoria

Universityr Sranted,'ne funds fol one field trip. I thank

i\{r B.Patterson and Professor J. D. Carnpbell of Otago Unlverslly,
for the loan of Bensont s ftgured graptolites, Mr D.R.Gregg of

Canterbury iiiuseum for the loan of graptollte colleetions frorn

Nelson, and ilr H.iiioors of ilielbourne Unlversity, for aBsistance

ln obtalnlng literature.
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The Aoran6li ,,iino areF Iies 12 r,riles to the 'rest of

Collingwcol torvrrsJrip, ancl 5 iniles south of ','/estnaven inlet (or
'ilanganul Tnle t) , end exienrls fronr Patrrnu River in the east

to 36n,ihi ils Creek anC i,aice Otuhle ln the rvest, coverirrg about

12 sqrare nti les . .A Tai tapu Ti,nber Co,;;pr?ny road frorn

i,iangnrarau tovri:ship at-ti:e southern end of 'rt'esthaveu Inlet
glves sccess to tvlthin tso rtiiles of Aorangi i,iine, and a disused

pnck track e.xtend s f rorn the road t o the old Aorangl irllne gold
I

battery near the liine. 
i

The norihern anC central parts of the Aorangl ,,Iine area 
i

I

are drained by. Slaty Creek and Litt1e Slaty Creek, tho south- '

tvestern part by Sandhills Creek, anC the eastern part by

Paturau River. Topography is steep, being 500-BO0ft in relief,
and most nivers are deeply entrenched. Dense rnin foreet
origlnally covered the eniire area but vras largely cleared

from the northern and central parts rJuring tire rnaln period of

gold nilnlfg, fro,n about 1880 to about 1935. i.iuch of the

clearecl central part ls noi./ eovered by thick seeond grolvth

making access dlfficult. The best outcrops, and the only

stratlgraphlc sections, are exposed ln the stream valleys and

gorgeE.

Thls report deals only rvith the fossiliferous basement

roclrs. Cretaceo-Tertiary coal rneasures, quartz breccisBr

sandstono,g and 'rnudstones cover the basernent to tbe north and
.:



th
:'

WeSt Of tne i;to:):ted a.l.'ea. To tne east, SOJth Bnd 'ffgst, the

basement is {.tnfossilii'€rou.e.

Gol-,J inii']ing begrti: in the riisi,rict about 1871+ and

contlnue4 sporadicnlly urrtil tlre 193C' I (;eff , ilei:b and Clar'rce

igOT :89-94; Downey 1928 233-5) . r'icst of the gold was

conflned to thin, discontinuou.s, but reletive3-y hlgh grado

ore shoots. Stn,r:ping i:atteri€s \lere slted at the inouth of

Jim,rry Creeic e tributary of Little Slaty Ct'eek, in the lower

Slaty Creek gorge, and neRr tire ritorlth of Cof i'ee Creek - a

tributary of SIa ty Creer, anC auriferous qaa rt,z lodes were

worked f ronr r'rtao/ srnal.l mi-ne s and ad i ts . The iilos t prod uctive

lodes - those of the Aorangl, Anthlll, anrl Go1den Rldge rnines -

wero eonfined to B nortir-south strilcing zone knov'ln as the

ttlode-linert or Itgold reef t' , lying 1O-20 cha ins qve st of Li ttle

Sla ty Creek, and wholly uri thin the A orangi *,tne Irorrna ti on ( ge 11t

i{ebb and Clarke 19C7, ilg.opposlte page B9). Except for

lsolated .Drospectors, the area has been uninhablted since gold

mtning ceased and rnost of the ndlts anrl drives have collapssd.

Ordovician fossils, rlalnly graptolltes, wer€ montioned

or deseribetl by nurrieroLrs inrorkers betlveen 1878 and 1936

(surCInarlsed bJ' Benson et al 1%'o) but the fj.rst detaiied rnap

and dlseusslon of tlre fossils was that given by Benson et al

(1916) . Graptolites lrere 1i sted f rom 24 locallttes and

correletea with the irarrcefiel.dian to Castleruaitrian etages of

Vlctoria (ff g.15) . tsenson t s lnterpretation of the stl'ucture

1s reprod uced in f 1g .7b. t-rverturning of strata tves rrot

the roclcs belng considerod to forrnthought to be extenslve,
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isocilnal f'oIgs. ?ne j-t,r,:,r;rrt-.-t,flii,;n is dis;cussecj in rirore

detail anJ corrtlrrr;tecl l','ii',h ,',he lvri.tert s interlretation in the

section ieallng u;itlt,.;1,r'dctrrr'e. i'lurtl:er graptolites s,'€t:o

collectecl bJ'Sirrarko (ig'ui'), T,isirop (lg0S), ar:r-l Smlth (tSee;,

arrd shorved tne stratlgraphic range of fosslls to be lvider than

rvBs i)revi ously thought ( f iC' .17) .

The'.,rr'1ter spent rieveral n,eeks ilalping ln cletail and

collecting fossils (ri,aps 1 ano 2 in pocrret). Alrnost all
previ ously knoln f ossil l.ocalities have been I.ecollected, and

marry new loca.lities have been f ound. Ten graptoli te zones

are rocognlseri' and 8re suirrrnarlsed in table VI . The structure
is re-lnterpre*"U , 

( rig.7a , b) ar:d the area 1s shouin to contaln

the most coritplete sr,quence of Ordovician graptolitee J'et

knov"n in }lew Zealend.

Graptolite zorres range ln stratigraphic thicicness from

only 7of t ln ?.one 4 io over 1800f t in zones 9 and 10. zone

bounclarles appear to psrFrlle1 lithostratigraphic boundariee

wlthtn the mappecl area andr Fs graptolites are absent frorn

much of the nrapped Erea, the riost convenient units for nlapping

were f ound to be lithost,ra tigraphlc uni ts, though f oss11s were

aLso used for eq:ating strata.
The base map of the Aorangi niine Frea was constructed

froni vertlcal .a1r photographs, by niinor control plottlrJgr The
:

grid ls basqrl on Bqldy and Psturau Trig statlons (t g4g geodettc

datum) and is that to lvhich grld co-ordinates of localities
vrlthin the nrapped area refer.
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Table II. i,ithostrnti,;ri-,phlc units of the Aorarrgl iiilne Brea.

F ori'ria t I on i,, eri:be r ?hickness (ft)
( apirroxirrra te )

,,!'ogs11s ,zone Age

B,f 2000+ +
Oor)
c\l

trilobites,
Ereptolit€sr
brerchloirods;
Zones 9-1 0

Glsbornlan

A,f

A5r' 990

o€
I'f\
OJ

{Traptoli tes I
Zone 9

Upper
Dar.riwillan

A2{' J40 raptolites;
'Zone 9

upper
Darrilvilian

41 {. 1 050 graptolites;
Zones 7-B

Yape enlan?
to LoTief

Darriwlllan

Ao rangl

ivilne

AI1[t' Boo

o
O
o\
C\J

I

oo\o
C\I

graptolltes I
Zone 7

Yape en1 an

Ali5* 1 -100 grBptolites;
Zones 5-7

! ov/e r
Caetlemainian
to Yapeenian

Ali2lr i+-5OO trsrp t o11 te s ;
Zones 1-5

iliddle
Lancefi eld i an
to Lowe r

Castlernainian

AMI'l' 1 foo graptollte
fra gme nt s

Lole r
Lancefieldlan?

We bb 1 JOO+
+oo
tt-\

Uppe r Cambrlsufi
to Lovrer

Lancefleld lan?

TCTAL BqBOt
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Lithostratlqrgphl'.

Tae ba sernent roclc.g f oriri north-striiting belts; f ossils

Bre confined to belts j-n 1,he centr'ar nnrl eastern parts of the

mnpgred alea. Lithoioglc uni ts oescribea beLorv flre all

repr,esented in the centrnl part, atirl con;prise an appars'nt1y

contlnuciis sequence clipling rclgionelly to tire ivest. Graptolites

int'licnte a Ilr,o[,,ressLveliecrcase in sOe frorti Uppen Cant0rtat: oI

basal C,rdovician.ln ih..; lvest to Upper Crdovician ln the eaott

the entlre $s,;i'ence being overturned. Gradecl beds and sole
a r-,

rnarklngs confir"rii the overiurning at three iocalities ln SIaty

Creek. 'r.he g. sptoli-te cec*uence is disrcussed wlth the

biostratigraphy, ti.u lithostratigraphic sequence 1s dlscussed

below. Four fornaiions are recognised and comprise a total

of 9 littrologic units. Thickness, f ossils and nge of the

unlts Br.e srrrrrtni?11sed in ta'o1e II, nailies rrarl:ed lvith an asterlsk

being ne!/ and infori::al.

Previgus -,Jivisions.
Llthostratlgrapirlc units of thib thesls are equated

vrlth those of previous wor!-ers in table III. All rocks nere

lncluded in the undivided Aorere Series, by BeII r Ttlobb and

Clarke (t 9oZ) , and by Ongley and ltracpherson (lgz3) . In 1929

I(eble apcl Een$on narnecl graptolite-bearing rocks near Little

SLaty Creek the Aorangi l,ilne Bsd. In 1961 Grlrrclley mapped

the same roeks F distlnctive black slntes and qua ttzltee -

as Aorangi jiiine Irormation. Grindley nrapped a1I other roclce

that ls those overlying the Aorangl iiline Formatlon together

wlth the sometyhat sinrilar rocks underlytng lt - as
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Aorere i'ornation. iiisholr (t9oE') s.31)arated the unclerlying

rocks as i'rebb I'or.r;1ation, r:r,o tt'our€d the ovgr,Iyir:g rocks ir:to
itro units. The l.irst, tfle !,oaring r,iot; Iror;riati on (a nevt

naniO .'t,o re'pIace Aorere r,'or,lretion) correspon..Js to l'orrnation A,

nienllter A1 . The second, .';hs Golder: Jtay Group corresponds

to rTorrrtR ti on A, rnentbers AZ nnd A3, and irorrnation B. The t.ype

tt rea f or each of the ivvo unl ts is tire Cobb VaLley P.oarlng

Irion Va1ley ar€a, about 25 ;liles to the south. l'ormations

of tire tvio areas Bre insufficiently dlstinctive to be

Jefinitely equated horiever, an'j the /rorangl irilne units are here

lef t 1n open nollenclature.

Table f II. if,reviotrs liti'rostratigraphic divlsions in the

Aorangi I'line Brea.

Be 11 ,i,'/e bb r CIa rke
1 go7

Ongley, i,iacphe rs on ,
1 923

Gri rrc'l-ey
1 961

Blshop
1 g5B

Thi s paper

i.{embe r Irorrrratlon

rt'

Aore re

Sories

Ao re re

Forina tl on

Undifferentlated

Golden Bay

Gro up

E

A5

-A2

Roaring Lion

ltonrrn ti nn

A1

Ao ra ng1

Iilne

Forma ti on

Aorangl

}ilne

Fo rnra ti on

Al,{h

VJ

tr
.t-l

::
hJ
tr
(t
&
o

A}{ij

Airi2

Alvil

Aore re

Forrna ti on

vt'e bb

Fornia tlon

rYe bb

Formation
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:{eb_o Tornrs t j. cn .

Bishop (tgeg) erected ti:e i'iebb i,'orrnatlon as fo1lorv6t
ttinc'lurateo r- pnle €,reyr cu.at,tz-^;rica snnC stone, siltstone and

phyllite I coirrirronly wl th a f aint i;'reenish cast, outcrop ln
It'ebb Strearn anci'the iriiriile reaches of Sarrchills Creek. Tho

type sec t i on , ln tfre no r.tire rn branch of Sanqhi lls Cre erc (SS+

971-582972), extends thro'rgh only the lovier pnrt of the sectlon

ffor,iiatlon?] tr. Roc.i<s of the rt'ebb ir'orii:ation ar.e confinecl to

the vrestern part of the rriapped Br'€8.

Content. Pa1e, blue-grey siliceous spotted arg1111te, grey

spotted sandstone, end qyartz p;reyivacke outcrop in the lower

part of the Il orth ilranch of Uandhllls Creelc, Green to grey

s11lceous argillite, Orey rricaceous siltstone, and qua rtzite
ancl sandstone urlth'muudy flaices and lerrses outcrop in Sandhllls

ir'

Creek, dolvnst4eet!. fr.or;r ti'ie.jiorth tsranch, but are separated

f rom beds 1n the ,liorth T;ranch by the Sandhilts Creelc Fau}t.
The fine-grained,'' beds are corrrironlf strongly cleaved and

spotted.

The base of the formation is not exposed

mapped area. In the liorth F;ranch of $andhills
L

upper 1300f t ha s been r'iteB sured ( 
"olunrn 3 ,tlg.l.T)

thickness probably exceedlng 15O0 feet.

wi thin the

Creek, the

, the fulI

Agg. The !'ornratlon .is unf ossillferous, but because 1t
conforfisbly underlies, the Loprer Orclovlcian Aorangl r\ilne

I'ormatlon, 1t ts tlought to be Upper Caribrian or Lower

Orclovlclnn in Bge.
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Aorntiri,,ir,e llor:i,ntlrrn. 
,

In contrast to ihe ,lebb !'orrriation of rather unlforrn

Iit,i'to1og;r, the ovsrl;,ting Aorangl r'ilrre i,'orination rangec wldely

1n lithology end contnins Cra.?hitic beds.

Originnl"rlei;crintion. Grlndley (lg6l) proposed the nBrno

Aorangl rl,iine Irorrnation f'or u... Carl< graphitic argillftes

and interbedded qra rtzites [which]. . . at Aornngi ;riine nnd

Slaty Creek .. r contain i,ower Crdovician (.grenigian)

graptcllite faunaE.. .rr The Aorangl .l.ine irormation thus

c o.rre spon'3 s to the Aorangi i..ine E ecl of .ieble and Benson ( t g 29) .

Def lnition anC &re. lJage of ti:e blorriiation is here taken at

the loles.t black graphj-tlc band in the sequence in the

Aorangl lr^ine area; the top -is tairen at t'he top of the thick

ma $sive quart z:-te banc'l in SIaty Creek (nienrber AI,i4) . Type

sectton, nornlnated by Bisirop (t geg) e"tends from the head-

waters of Arrtirill Creek aiong /.tnthiIl , LItt1e Slaty, and

SIn ty Cre ei<s , t o th e t op of a si:ia 11 go rge in Sla ty Cre eic ,

26 chains upstream f ro:n the j unction with Llttle Slaty Creek

and thus does noi include the lon'esi beds. A rnore coinplete,

but less well exposed, ancl less accessible stendard sectlon

i s ln the liorth Branch of Sandhl lls Creelc, extend ing f rom

aDproxtrnately 1.75 miles 'Jpstream froni tts jutretion wtth

the South Branch, to lts janction with the rnajor '!ilestern

tributary in 'i'i" heaclwater"s. .

Graptolltes irrdicate a Loi,ver Ordovlclan (Lancefieldlan

to Yapeenlan).sge. 'lotal thici(ness 1s about 29OOft 1n the
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north fin{l sonre\'/hnt Iess in iire so.iih.

tirgnlbers are reco[]nisec] .

i'oar iriforitial

$

iiieiiiber. li.,l1 . The Icr','ert be,ir; iti the Aoranl'i i,,ine i"oririation

are thicr:-beilJed firrd ilpsnive quartztte anrl siliceous

sandstone, lnith inierbec'lCed blacr, slate, and distinctlve

Iainlnated, siticeoJS slrrte. irt i;,al-one Creek, to the northt

btack Fncl f-igirt AxeTr , liinely lnn,inateu sla te preclonrinates,

while in Sandhills Creeir to tire soutler eBe rtzite and

ssndstone are most corjrflion. The r'tiember is well exposed ln
b

Sandhills Oreelc ( section 3 ir: f : g.?5) , lvhere it ts

approxinrntely 1300ft tiricir. Greptolites frortt two localitles

were recorded by Sniith UgAA t17a), but the correct posttion

of each is thoughi to ire aps'i;reain froiit t^ne polnts Cefined by

tito gricl refelreitce givun by,irrtith, th beds mapped as tllernber

Ar,i2 ( see ai)pencllx I r locnlities S2/5t11 ,542) . Diagnostlc

f ossils are otirerwlse u,rtrl,i'lo\'/n frorn the rneriiber. 'BecFuge 1t
Conforrraabl,l(un,ierlles inld-Lancefieldian (l-'aZ) becls, 1t ls probably lourer
t
to rnld-Lancef lel,tian ltr age. ,

Me'i1peq _N!!2_. Overlying riieriiber A1',i1 are slllceorrs black slates

and black chert wtth 
.rare 

q.ua rt,zite and sandstone bands.

The siliceous black slates and cherts (ttgla$sy slaterf of
ct aL

Benson^ 1 936 2365) are extrernely hard and are generally

poorly flsslle, indivi,jual beds irelng about one half to

slx inches thick. Pyr.ite is coilrinonr occurring as grttall

cubes or as di,screte interbedcled layers, one to thres

rni llirne t re.' iir.l ck.
'...
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Gnairhttic sandr:tone ( ttg"ultv,-'aGke'f of Renson) anrl

$rey piririllte ,banrls nro cottiirtofl i.n t'he, upper pa rt oi tho meniben
:.

tn Snn,JhilL's nnri Anthill Creulis, ar:d flnely fissll.e blnck

slrnle bands are' lnterbe"ldsd Trith ha,pfl slabby chert ln the

lower part ef the uierilber in.Snthill Creek. Bass, of ttre

rnember I s ex;)osed in lrnt,itil-l Creei{ at t,he o1d mlne drivo

trhore niassi.ve guartzite of rrienitler AIi { passes up lnto black
gLate.

The nieinber 1s llthological.ly distl.ncti.ve and ls a

goorl stratigrap,hic niarker. Thlckness at Anthtll Creg,k 1s

alrout 470ftr Bod at $andhills Cneeic ls about b0Oft.

The goLd-bearing I Lotle-line t noo,r.iced by the Aorangl ,

Anthill and Golden Ridge inines, corresponds to a horizon

near the base of fileifllier Atitll or the top of i'nen:ber Aili1 . The
.. ' . , i

naturg-pf the B,old ore is rl l sc nssed bJI 8e11, rYe bb and, OIa rke

( t goZ ! 8g-g4) , and Downey' ( t 9eB lii-D) .
The rnernlrer is richly fossillferous, graptotites having

been f'ound at many iocalities - those listed wlth a query

probablyr, but not defi.nitely, reBroeent the rilornber.

....':' .i.'82/522?

'

523',1
!,

524

525

?26
527

528

sz/56t+

565

570

577

579

5Bo

?u6

s2/ 60a

601

602

603

601+ 
i

605

606

s2/61 5

614

615

6't 6

617

6tI
619

s2/625

626

627

628

6h{ ?

s3/552
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531

534?

1ut z

5uz't

562

587

5EB

589

590

599

6e1

509

i.t13?

6il
6tz

620

621

ta22

6zj

624

Graptolite aones 1 to 5 (see ehapter on tsisstratigraphy)
are representerl and incllcate the rniddle ancl upper LaneefteldtaR,
BendlgonJ.an, Chewto,nian and lower Caetlerirainian stagee,

I:e.rillggiLlf,. 
- +'ied i 'rm-sr'n lned anc f ine-gna lned 1 pale blue-tre jr r

Inassiven bdrhonsc'€ous, rnlcac€ous arglllltg, lnterbe,dded' with
,.:.

groJr quantai te.P and black s]'a tos ,overlle meinber AMze The

rnornber i.e wern exposed in tittle $laty creek, and on the

Aonangl iliine track where it eontolne the richoet fosetl
Localiti.ee ln the flpBBr. Base of tae mernbor ie exposed

tn Anthl lt Cre$hr two ehains do,wnstrearn frsm the hlgh

waterfall, and ln the tiorth Bnsncbn Sandhllls Creek, a f err

yards uBstrearn frorn Locallty g2/617, bl,ack slates of mernber

AMz passtng up lnto soft blue-grey argillltes at both

Localltles.
. The merflber ts a'pparentry repre oented by onr5r about

1OOf t of r-elatively soft, patr-e bLue-greyr ilrssetve argllllte
ln Sandhl.l#, C"eek, but sLntlar anglllitee are lnt,erbedded

Iwlth bfag.'It- argi.Llltos and gira r,tzltes !n a thl.cksr soquence

(aBproxLrnately j00ft) i.n $laty Creek, to the north,



Flg.3. Groove cagte on sole

overturned by nearly 180o.

menber AM4e Slaty Creek at

211

of flne

Aorangl

Sweeney I s

sand stone bed

Mlne Formatlon,

hut.



2q

F1g.4. Load etructuree ln Formatlon A, membor A3,

tn S1aty Creek a fow chalns upstream froin lts rnajor

eastern trlbutany. ArgllI1te (aark colourerl rock)

forms flame structures ln the base of overlylng ftne

sandstone (pa1e coloured rock) fn the upper and

mldd1e parts of the photo (eee Potter and Pottljohn

1 954 r pl .538) . The graded bed below the harnrner heacl

lndlcates youngtng towards the top of the photo - to

the eaet.



Graptolites frorn the

rrpt)er part of uone 5,

flItrl lnrltcate 8n Ltpper

f,or the i'nsrili)er.

,"
ioll oi,rin6 i.ocaLj.ties rspresent the

zolti? 6, ond the lo'rrrer pnrt of aone 7

0antlernninlen to lovrer Yapeenl.an age

82/529

530

55?-

533

535

545

s2/54s

552

553

55+

555

s2/557

558

559

560

561

s2/563
' 

598',t

508

629

6jz

!-,1

: ti''
t$e,nUgL_AI{i+. p T}is Jr'oungest r-riember of ilXe, Aorangl l{ine
Fornation eonslq.ts of two thick massive g.uart:alte bede

,'!'

separated by ali-ernatlng pale blue-grey, arglllttes and

sandetonesn The lotv,er qu€rtztte 1n rnoelerately pyrltic
and both q.ua ntzites are .H3- hnr.d, f orr,iring deop gorgeg in
the valleye of slaty creek and, sandhllte creelc. Th,e

lntervening argtlll" tes and san,3 stones ln $la ty Creek include
graded beds with seour caste (ff g.J) . In $andhllIs Creek,

the argi.Llitft and sands,tones forrn a nnrrowor bnnd which
Ir

J.nclucies thl.lt becls of grey phy]"llte. Base of the f ormatlon

ts expos'od i.n the._Nbrth Braneh, sandhilts Creek, a few }rards
upstream frorn locallty g2/62g, where bedded, dark blue-,g:r€y

arglllt te of rnember Aifij pas$es uB tnto rnasslve qluartzlte.
rn sLa tv cneer (s215551 , sandhi. tls cne ek (sz/Alo ) , and

Ji.rnny I s Oreek (Sa/SUO) , a thln band of, blae:ir' sla te contains
z,one 7 graptolites lndicattng Yapeenlan age. Othqr foesll
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locsllties Brr) i*2/i4i, jqu, it+i-,, 566, 5'57 , 576, 585? , 63O

and 5j1 . miie :ilei;rlrer i; n'ooirt 600f t hnicl< in SandhiIls

Cr"eek, ar:rl probribly iio:ir';.7ilat bi-.icr-er to the north, iD

51aty Creek.

Relg!!c.!._tq_urjjler,:l-.vin,q lg,.Jq. The !)red o;itlnantly argillitic

betls of ttie,ilebb inor;nnti.on pass up throagh dnric sandstone

lnto ihe fl-,ore siliceo'a.s ]:eds of the conforirrobly overiying

Aorangi iine r.ornration 1n ,sandhllls Creelt ( see appendix II t

column 3c). The contact l.s le ss ivell- exposed in Shot Creek

t o the north.

l'orrnation A.

Cverlying the Aorang'i ii;ine I'or.natl on are blue-grey

sandstones nno arglllltes, with a felv bat:ds of dark blue-grey

or blac1c graphitic sl.ate anti rare inasslve qtrartzites. Base

of the Forriiation is e:{posed in Slaty Creek, five chains

upstrearn f rom locallt;r 32/556, anci ln the North Branch t

Sanclhtlls Creek, I fer''l chnins dorvns'i;ream froin locality

SZ/fi1r ffiFssivo qua rtzite of t,he Aorangl l:lne Fornratlont

meruber Ai\i4 ?3"-"1ng up lnto bedded sandstone in both creeks.
t.

It'. is . disttnguished fro,n the soffre''vhat similar ":febb

Forrnation, by i.ts thinner treds of alternatlng Ilthology,

and by the presence of lnterberlded black slates and qua rt'zites.

Grtnr]1ey(rgor)rrlappedt}reforliiationaspartof
the Aorere Forination; Blshop (t ee a; mapped the lotver part

only aB Roaring Lion irorraation. Tlte beds are here regBrded

aB an lnfornral forination comprising three inforrnal rnernbers.

f
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Fls .5a. B€rlclcd blaolt slats and arglllt te at

fos6ll locallty 9;2/552 ( beneatb frarnmer)

Lnterbedded ulth thlck beclg of sandston€ and

argllllte of the Aonangl lllne' Formatlont

member Al[4, on ttre track, to Aorangl Mlne.

F1g.5b. Dlsruptod thtn-b|dded elltetono bantl

under1ala by EB:s,slTo argllltto ( beneatb

hammer). Reglonal d,lp !e ehorn by the rnasslve

Bandstone banct' at Laft of pbotograpb.

$laty Crsek naar Connfs Cneek Junotlog.

Flg "5e. Staepl,y Bl.unglng fol'cle ln Fornstl'on At
:.,

mahbar Al r arllogcdl !n the Connf s Creelr' absar
i

oo$", " 
fer chalns, uB Counrs Craots from lts

Juhetlon rlth SlatY Crealc'
t
I
I
I
l, '

I
'1" ; 'L'' 

t 
'

ri-
i-rr



Fig . 5a

2g

Flg. 5b

Fle . 5e
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i\,ernber A1 . 'llrin nIt,ei'nniLng bg,ds o.l spotted, b1ir.e-Ereyr

mj.caceous argiilite alr,i f r€)r sr.rrij s.',orre, 'rrith itrngsive, pale

blrre-grEX, siiiceous a:'giltitee Brr,j a, slngIe br.rnd of fnassive

gun rtzite coinprises ihe 1o',;rer. ifisirrlf er of !'orr;,Btion A. A

feature of tho it.eirtber is llhe relatlvoly coin;iion inifaforrurational

rlefor(nation. Contorteci argtllitic beds, clisrupted beuding

(fiif.5b), aurJ slump fo3-ds, al"J seell in $Iaty Creelc, ncar

lts junction rvith Conn t s Creek. The lorver part of the

ne;riber is t'o1ried, sheare,J, and quaitr-veined along the Connts

Creek Slrenr Zone (fig.5c) lvirich outcrops in Slaty Creei< and

ln Conn I s Creek. Becls on either side of the zono are of

thologyl Bori f ault di splacernent is not thoughtsirniLar. Ii

to be great.

Thin-bedded, birro-Ereyt spotted argilllte and grey

sandstone.outsrop in & sir.rril iributrrr}r northwest of r,,ount

Baldy and'represent the l'rorthern-rnost outcrops of the nrerriber.

Blaei< phyllite bancis are confined to tho top of the rne;nber,

near lts contact with the overlying rneinber AZ in Slaty Creek.

Thickness of iire rneinber in Slaty Creeic is approxirnately

1 O50f t but to the south, be tvreen Sandhi lls Creerc and the

headwaters of $laty Creek, the thicicr:ess is considerably

less than this. Strilce-faultlng rflay have excluded sone of

the ber3s in the south, though sluiuplng associated with

conternporaneous deforrnatlon may account for sotne of the

eouthward thinnlng.

Graptoli te s of zone B , ind icating loler Darriwi lian
age have been collected froi.: tlre rnernber at localtttes 32/547,
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558, 569, 5A2 en(i "38, anil zone 7 ilrsrptol:.tes of Yapeenian
.t i

Bge have-.been,collecte{i i-i'o,,i ihc bnsal beds of tire iriember

in Sanrihilis Creei<, a.b locelity 52/53i.

i,lernber A2. A ^r,hick banll of' 'olaca spotLed, hardr ffioderately

to I?oo11y fiseiile slate r:n,J ergtlliie overlies inernber h1 in

01aty Creeir, 11 chairrs i.r.pstr38iii iroin tire rrrorth of Cont: I s

Creeii..' Thin l:an,Js of {trey ;:hyilite lie near ihe top of' the

rreniber, rvitich is localIy strougly brecclnted. ?Ittck,ness

1s about Jr+Oft. Zone g graptolites of Llpper Darriwlllan

age have been collecteC at 3 locnlities, 82/539r595r633.

irie_r'nrrer AJ. Overlying rneil;i)er A2 is n seguence of alternatlng
5lnch to zit bands of gre:l argillites and snndstones, grEded

oeds, rare r;i3sslve q.uartztt€$r and thin bnnds of black pyritic
slates. The lorvest exposed beds are rnnssivo argillites and

tnese outcrop ln Slaty Creek five ci'rnins oownstream frorn

its jut:ction tvith the inajor eastern tributary, the actual

contact with underlying blael.l slates of inernber A2, outcropping

further dorvttstrearn, not being exposed. In the upper part

of Slaty Creek, g,raded beds of sandstone and arglllite with

groove casts 
"i]d".other sole markings, ore lvell exposed.

t'l
In one outcrop (fig.4), ilarire stractures and load casts

(pettl john anrl p6.tter 19b4 3pI. 5:jil and interlarnlnar 
;

deforrnatton are prorniri€nt. . .

The rnentber ig abcut 99oft thick in Slaty Cneek but i

m8ylregoil1€lvhatthinnerthanthistothesouth,1nthe

headwaters of $Iaty Creek. Zone 9 grairtolitee frorn localltles
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Flg.6. f,lthoetratlgraphtc and btostratlgraphlc
coruelatlon of eectlons meaeured ln Anthlll, Creek,

Slaty Creek, $ancthllls Cneek and Bottle Creek, ln
the Aorangt Mtne areao Seetlons 5b, Sandhtlls Creelt

and 4, Bottle Croek are dnawn at enlarged seaLe at

nlght. Fosslllferous horlzons are lntlLented,

together wlth thelr sheet (SZ) fossll numbers.
2,toeatlon of the measured sectlone ls shown ln maB *

(fn pocket); detalle of the sectlons are glven ln
appendlx II.
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s2/nll snc 51,* in''Ji-ceie F,ri ,-ii-j.D,e r ,ierrl,.;r-Lian Ats.

-Relntioir tg r+q,l<:;:!ging-i;,;:1 ;. In iiaty Cr,.ceK, 2o chains

ui)strearri froni the ,,;o,itli cI. i,itiLe Siaiy Crsel( and about five
cheins upstreaiii irom LocaLit;' 32/i5'5, iitassive qua rtzite of

the Aorangi l..ine itor,r,eiion (r,re,nher A.r.4) fr conforrnably

overlain by lrerlrlerJ q'lrrs'f, zrte ivltir 1 inch ban,is cf sheared

argllllte, representing ihe basal beds of i'orrnation A. In
the hearjrvaters of iial:clliilis Creelc I few chains cl o',vnstrearrr

frorn locality SZ/555, ;rrFrssive quaE-uzite is confor,nably

overlain Dy bedded graphltic sandstone. Conternporaneous

tlefoPrrlation anit strike-faalting lrave coruplicated the etructure
within the f o*r" part of rrotr,rlation A.

lFo{r:-rlti" on ts.

Content. The I'oungest ?aleozoic f or,'nation coinprises rrrainly

siltstone nnd argillite, fiIrrl i.s conf ined to the tsastern part

of the rna.oped area. Base of the for;iiation is €xposed in the

nta jor eastern tributary of $laty Creei<, about 1B chalns

upstreain froin its rnouth, where quartzlte ai:d sBndstone wlth
thin argiltltes of l'orr,mtion A pass up into thin-bedded

qua rtzlte anrl larninated argillite. i,^ost of the for,uation

betweenS1atyCreekandPaturauR,1verigcolnposodof

distinctive ,l31,tinnterJ ,nediurn grey, Rnd siliceous l1ght grey ;

argillite r' lpdividtral, lnrnil)Be being J-1Omrn thicr. Further
to the east 1n Patur,er ltivor, and Llrobably overlying the 

i

larrrinate,J argillite, are green, grey-greon nncl rarery pinic

,giltstones and sandstones, genorally poorly beclded and falntly
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rnottled, 8Il,l locerll;r s1;rcr:g1y cIr.rBvi..d. oI,r;trp f olJ s Fnd

disruptetl iiecl,iinl3 in,:atnrqJ itiver, pariicalarly frorn two

to three ;niIes "rpstreal, i'rorn'nfigi,rpsci] iJreeic, lnclicate

conternporene ou$ Jef'or,,,:,fl ti cn.

A lens of hcrd r:l-ack clierty s'raie, 4ft vricle, outcroi)s

in a 'ifestern tr'j-o,rtnry of i)aturrri.l Liver, 1 inile so"rtl: of
Roclcy Cl'tir:k. The roc-: closel.y reseir.bl.:s the,iistinctlve
blacir c):eri ;.,€,irbor (A;,:e) of '1!he Aorangi,,iine .ilorrnation and

the lens iriay well have i:een iJerived by slumping during

denositlon. Blacic chertlr sl,qte ts ur:,tnou/n else,vhere and

the fossilii'ero.us i:1acr- cirert p€bbles rnentionerJ below v/ere
( -.''

probably lierivgd froiri tiilsr or' fi sirrilar, inciuded lens.

At the ,!rilobi te locaii ty in Pa turau, iliver (53/526) ,

beriding itr gr"een and gre;r-green siltstone irns been largely
destroyed by conterlporanoous aninial boringg r r'€ sultlng in
rather massive silts't, one. The parent sediment filay ryell have

been latninated slltstcr.e sirniler to that seeit in the lower
part of tire llorrrra ti on.

Zone 1O graptolltes frorn darlc slate iranrls near the

base of the,irorination ln Slatlr Creek (SZ/575) srld ln Dain

Creek (Sz/Zgz) indicate n bnsal Glsbornlan aFje for tire lo,rer
part. Graptolites associaterl with trllobites in Paturar
Rlver (SS/525), indicete a Gisbornian Bge for the upper part
of tire Formation. B1aci.. cherty slate pebbles in Paturau

rl,iver rvlth Lower 0r'Jovician griptolites (SS/537 1551) were

probnbly derived frorii ii:cluried lenses vrithin the !'orrnatton
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and rer-:reserit oI,Jer beds. 'ilne oniy otner r,;cor.led I'ossil
is a braciriopqd tiirpression in 6 bualf;et,[ty()bairly 'ir:riveci
f rom tni s ll'orr,ra tlor: (C,ei,pe i: ^,!6F.t, s.ip!ol.ting paper) .

Structure has noi beer: r,lappsii iir rieteril, an.l ti:e full
thiclcrress of the itor,.,atiori is Lrncer.tain, but ;tioi rrum thicKness

is abo"rt 20C0ft.

?elnLion to,-rnrit-:rl-Xr!p' iredq. Contact,,rith thre underlying

i"orrt:ation A is exi)osed .Ln the ,lpo--r part of SIaty Creel<, about

one rriile south of its ;iia jor eBstern tributnr,y, where beddeci

qua rtzite and slate of iror;iiation A pass conf orinably up lnto
grey lerninated siltstoils of rroriTration B. A slmilar sequence

outcro-Ds in the ina joi eastcjrn tributary, about 18 chatns

tl1:stream frorn its riiou.th, bu'r, the contact bet'//een the two

Iilor,nations is not ex()ose(1 .

Con'lltions qf deiror;ition.

No non-rnsrine roci(s are knovln and the en'tire seq.uence

i s pre suinerl t o be of :;iarine origin. Conglorrre rates and

other coBrse-grainecl serliinents are noiably absentl BDde

exoept for srra11 lirrrestone lenses in Thonrpson Creek, Paturau.

Valley (gishop 1955), she}ly fossils ancl calcareous beds

are unltnovrn. . Current iredcling and other featrrros generally
regarded as typical of t shallow-water I rleposits aro Iaciclng
and the becls are consi,Jt:red to heve been,JeFosited ln qulet
wa ter be low ,,vave-ha se 1eve1 .

During ti:e late Canrbrian to Lolver Ortlovictan fine-
gralned elastic sedlrnent ivas steadily supplled to a slnlc,lr:g
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f:asin t,,ivittg rise to tlt: r'n t1:.;r u.rii:lor;ii 1j- tii uLogy of the

Tiebb Ilorrlration. Ti:e [i].'ec'j criri]raitcg.;f i'irrissive and bedried

qufitt'zites or' ttie Aornl;fi ,. llre.ii'oriiiatiorr;;rat'ir.s a char-rge to

a IIiorg...i:iceous secri:rrgrii L:uppl-y du.rirrg the Loyr'€f 0rcloviclan.

Flacii grnpiri-t,ic silic*or.t.s siate arrrl chert of iueiilber A},.Z,

about LiC0-5'lOf't thickr $pans 5 graptolite zones Fnd represents

& r'e1ativellr iottg lfel'ioi of slolv cie-nosition. The abundence

of carbon errii of iron s*l"ohicie i;irplles a reducing environrnent

and tite I'oci-,s undoubtsdly t-teLong io the probleri'ratlcal blacr;

shale facies (petti;ohr: 1957 z€,ZZ) . Cri the other hand the

much thiciter nientber Ai;4s coilrprising n,a1nly qua r1-,zites, lies
lvhol13r l',rii;ltin-a single gr?iptolite zoner suBflesting a sudden

increase in the rate of deposition during the Yapeenie.rr stage.

Durirrg ihe i,.icidie Crclovicisn ti'iu= :redirirent supply

beeFtne less qua rt,zLtic alld niore nrlcBceous r,esultirrg lri thin-
bedded argillites and sBndstones wiih rare nrasstve quartzites.

Slunped .qnd'disrupted ireri,)ing irnrlly relef,ively steep botton

grscjients vih1le pjraclecl becis and sole rnarklngs indlcate turbidlty

c urrents. A ssurning siritpLe unf o1d ing of the becl s , or j. enta ti on

of tho gl"oove casts, rneRsured at only two locall ties,
itrdlcates a IIE-S'fi directi on f or the transportlrrg current,
sgrqeing with that inclicatecl by groove casts in arglllltes
of rnenrber Ai\Ji4 (ffg.3), in $laty Creex. .rixcept for r:neiuber

A2, bleck slates ore rare.
The up-oer orclovician rrrarics a change to steady

deposition of f irrs-f,r€.ined, ;tiainly silicepus rhythrric sedlnrents.
Slurnped beddlng ln Fatu.rau R.iver siugp;ests local steep g16dlents.



:38

rhe full sec_lJencc of: i'' fro.tt, 86COft is t,herefore

thought t,o'ir-rdicate a i.rjlatively deep'rvater goosypciirial

ertvironrt:rrDt, lyirrg soi.ig cristance frcr'i-t ihe secliuieDt soLirce':'
B l.'e €r .

Stt'ucture at',:'i I.ete[torchisni.

Gtruc ture of i;he Pa le ozoic rocirs is .shown ln rrap E I
and in sketch cross-cections (ries 7 ancl B). prevlous

lnterpret'aii ans of the structure dlffer froni that described

here, ci-liefiy 1rr the stratigraphic extent of overturned

strata.

Previous irrtel'r:reta_Lic,ns. Benson et n1 Ugfi z359rfig.1)
presenteo a i.iap si-iov,'inU litirology Brrd alltitude of becis and

the position c.if ErEptc;lj.t,e localities in the regiorr of
Little sIe ty creek, sle ty. creek end ;,,alone creeh. The

structure of'beds betv;een Slaty Oreelc and the heaciv"aters

of irialone Creek v{as sFrorvn ir.r a cross-section, and v/as besed

largely on graptolite-c'leternrinations (genson et F1 1935 z35L+)

together with observecl Iitnology arrcl dip. A north-trentilng
lsocllnaL arrticline rrvith an over,turned ancl faulted eastern
llntb lay in the urestern slde of i,ittle Slaty Creek VaIIofr
anc'l an ad iacent syncline with an overturnecl western lknb lay
alorrg the ltfie of Llttle Slety Creek itself. The oldeet
beds I exposgd in the core of the anticline, were mlddle

Lancefiel.dian ,rnif e the Jroun6lest beds, ln tire core of the

syncllno r lvore uppor Casi,lerirainian. To the . east of L1ttle
Slaty Creek, where no graptolites hnd been collected, the
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Flg.7. Sketch erosB-s€ctlons from tho headwatere

of rVlalone Creek to Slaty Creek r near tts Junctlon

wlth Conn r e Creek, showing illfferont structural

tnterpretatlons. The sectlon llne te of slmllar

Iength to that of flg.8 but Ltee further to the

west, to colnclde with that glven by Benson et aL

(1936, flg.1 ) . Hortzontal and vertlcal ecales

are about
0-+

tt+rb€ lnehes to the mlle. a) Ofp of

bede at the surfnce (wrlter r s observatlons) .

b) Interpretatlon by Bongon et 4, ln whlch beds

exposed between Lltt1e Slaty Creek and a quarter

of a mlle to the west are overturned. F'osslllf erous

horl zons are lnd lcated o G ) tne wrl ter I s

tnterpretatlon ln whlch the entlre eectlon 1e

overturned. Dlagnostlc foeslllforous horlzons

lnd leated.

La, Lanceflelillan ( aones I and 2 of thls

thesle); Be, Bendlgonlan (zone l); Ch, Chewtonlan

( zone 4) ; Ca, Castlernalnlan ( zones 4 15) ; Ya,

Yapeenlan (zone il; Da, Darrlwillan (zone a):

Fls.7b af ter Benson et al (lWe, f Lg.1 ) .
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b) Dlagrammatle Bectlon from Sandhllls Creek, to Paturau

Rtver, passlng through 11ne AB (heavy), lnferred

reglonal structure lndtcated. Wr Webb Formatlon;
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stl"Llcture t'Ins uni,.t1o'.vn. To ihe '.lelst oi tne anticllnal a>:is,

1n the clj.vio'e i:eti'reen;,iit1e ljlat.rr Cr'ee}( arirl ,,ialone Creek,

Cheyrtonj.an beds occupieri the core of & seccnd synclirre, and

tvere represented b;f a single grFptoli te localityr listed as

tflocelity Sil by Lrension et al (lgi1 23591366).

irensorrt s cl:o.q$-secticn is r.cprcrducecl here 1n fig.7b

for cor;tparison with 1,he i'rr'i terf s interpretation of structure

1n 1;he ggiru€.6tea. l,'osgilif'erous horizcns Rre lnilicated.

The two interpretat:-ons agree 1n ti-re regi orral westlierd dlp

of strata but differ: in 1;he ii:ferre,J exient of foloing. In

particular.the sequence of non-overturnod beds ranging from

Lancofleldian to Chevrtonj.an 1n age in the divide betvreen

Little Slaty Creek and i\,alorr€ Creei<, shown by Benson et 81t

i s rrot accepted here . The se querrcs \'/as ba sed lar"ge1y on

the Che,,.rtonian age of ur6ptolites frciil Benson t s rtl.,,ocality Stt

near tlre cres.t of ihe di'vlde. The graptolites were

collected by Professor ;.,arshall ln 19OB from rrButehers Gully

or iacob t s Ladcler at the head of tr'alone Creekrr (t, S.Iiall 1915a.

t+1 1 ). Benson e! al. state (lgl0 2365) t'the f irst two names

cannot noui be locallsed, but probably lndicate a spot noar tnat

of S {: .olli" nlap't. The c orrect positlon of }iarshall f s

locality is here thought to be I fevt chains to the northtvest

of that indicated b,y lienson, on tire t?estern elde of the

Cof fee Creeir Fault , where Chelvtonian bed s (rnernber A1'{2 ) have
''been mapped. The f ull seq.uence exposed in. the divlde ls

consldered to be overturned ahd dlpping to the west.
' 

:rt:' *'

.The nrajor s)'ncline axis in Little Slaty Creek ehown
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by Benson et al probnbly col.resl:onrJo to tire nrlnor s;yncllne

axls tnapled by the i'rrltel'1n tite sFnie nren

In 1961 Gflntjle.y titrrl)ped the fril'r,.fr nr: pnrt i,f the

1zZ5OrOO0 Goldc;n Ray iheet. nhe structure of i:erls, lrBtl'redIl

lialone Creelr ancl I,tttle lil r'l,y Creelc, lndlcated irr hin crcss-

sectiorr /r-A | , waa lar'51e1y t'rj sSoln by Benson et 3-t, the

antlcllne we st of r,lt tle Filnty Creek being naned tite Aorartgi

Anticline. IJetween Little Slaty Creei( and Patul'Bu r.iver'

structure shovrn was largely Bs ruapped by ihe rrriter; tire

bed s f ornrecl the overtur,nec] oostet"n lin:b of the Aorangi

lntlcline. A syncllnal axis lay to the east of iratur,e.r

Rlver lrr l.ocks nrappeil as Golclen Ray Schlst.

Ip the rvrlterfg lnterpretatlon several piirrseE o:'

Ceforlnation lrave affected hhe rocks. The earliest pha;e

'I,1AS peneCOnternpO1'AneOUS, nncl is ciiscUsSed abOve; SUbA€r:ru.-.

deforrrtatlon involved malnly folding. Three groups of foiee

are recognlsed anrj are surrrriiat'ised belovt. 1) fsrrlle scale

recurnbent folds; 2) lntermerilate rilRCroscoplc folds; 3) iri*i;or

folds Bssoclated urlth the Connrs Creek Shear Zone.

Fau1tlng has been relatlvely mlnor and CIn1y two

lnferred faults have been ntapped.
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Large scnls reeuinbentlfolds. In the central part of the

mBpped ar.ea a conf orrnable sequence, sbout B6OOf t thick,

extending from the base of the Aorangi r\line frorrnation to

the lower part of Forrnation B riips regionally to the west.

Graptolites lndicaf,e that iire rocks decrease in ago to the

east and the entire sequence ls thrrs overturned. The beds

are thought to comprlse part of the overturned limb of a

large r Dorth-trcnding fold tryhose anticlinnl axis lies to tho

west and whose synclinal axis lles to the east (figs Ba-b),

axial pfanes dipplng gently to the west. Graded beds and

sole markings at three locali ties 1n Slaty Croelc conf irrn the
( ftgs 3, ()

overturningl. To the east and west of tho central part, ihe
{

structure 1s uncertain.

In the western part, vrest of the Sandhills Creex

Fault , bed s d ip gently to tlu lve st and rnay repre sent the

gently-dipping westbrn anticllnal 11rnb. In the eastern

partr 8t Patrrau River, beds dip moderately to the east and

probably Ile near the axial regi on of the syncllne. Ilas t
of the mapped area, ln Thornpson Cre€k, whlch j oins Paturau

River near the northeast corner of the rnapped area, graptollte-
beartng sla te ?oTIders (W/SnO) have been f ound rvhlch closely

:

resemble roclcs and f ossils f rom the base of Formati on B ln
Slaty Creek (sZ/515). The source of the boulders ts
unlcnown but lie s wl thln the upper ca tchment of Thomps on Creek.

The basal beds of Formation B are therefore probably

re-ex'posed east of the syncltne axis, possibly in the

eastern ltmb of the synclino.
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The age of recurnbent folrJing is r.rniinown but lies
betrvet:n Upper OrOlovician anrl LIpper Crotnceous or Lorver

,' t'

Tertinry. l{o assoclated;rxia1 plane cleavage lTas seen.

Inte-rinedlate lnacroscoplc iol-rlg. North-north-east trending

macroscopic folds with arrlplitudes ranging from 50ft to alrout

5OOft have been mapped at several localitiesr pRriicularly

in the North Branch of Sandhllls Creek, and ln Llttle S1aty

Creek. !'oId axe s plunge gently to the s outh, anrl axi aI

ptanes dip steeply. Comparoble folds are likely to be

corffnon throughout the mapped a rea, particularly between

Paturau River,and the oastern tributarles of Slaty Creek.

North-trending chevron folcls with an amplitude of about

one foot are exposed ln a western tributary of Paturau River,

about two miles south of 'l'hofirpson Creok, and are probably

of the sams generation.

i'toderately-developed to weakly-developed slaty
cleavager generally dipptng steeply to the weet or northwest,

pervadee pelj.tic rocks . throughout the mapped area and

probably represents the fold ax1a1 plane cleavago.

Wlth their steeply dipping axial planes, the north-
north-east macroscoplc folde are incongruous with the large
scale recumbent folds and belong to a different generation.

Axlal plane cleavage has uot been destroyed or folded by tho

recumbent folds and tho macroscopic folds are probably the

younger of the two genorations.



Conn I s Creek Shear Zone,
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Tlght rne soscopic f oId s (f f g.5c )

are associated tvith strong shearing, brecciatlon, and qua rtz
veinlng in a zone exposed in Slaty Creelc f'or a quarter of a

mile dolvnstrearn f rorn the rnouth of Conn I s Creek, and in the

loler part of Conn I s Creek i tself . Both f olcl axes and

axial planes dip steeply to the urest, the apparent sense

of rotati on (vorgence ) intplying northward transportatlon

of the eastern or younger block, relative to the westorn

block. The zone is approximatety concorclant wi th bedding

and lies lvlthin the loler part of mernber A1 , Formation A.

Graptolites from either side of the zone (section 2,

append ix II ) sugge st tha t no significant amount of tlme i s
mlesing. Undi sturbed beds on either slde of the zone are

11 thologically similar, and it ls thought that the

sedimentary section has not been greatly altered by movement

along the zone.

Much of the brecciation seen ln other beds,

particularly;those of Forrnation A, mernber A2, and Aorangi

Mine Formation r' .member Ai/i2 ( along the aurlf erous ttlode-linett )
has probably been produced by sirnilar zones of ehearing.

the steeply plunglng f olds of the Conn' s Creelc Shear

Zone aro lncongrous with the recumbent folds and the inter-
medlate macroscoplc foIde, both of which have a shallow

plunge, and the zone probably represents a dlstinct period

of def ormatlon. Age of the deforrnation wl th respect to
the other two groups of folds 1s unknown.
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Fault,ing appears to be of relatively rninor scale

within the mapped area. Two inferred faults have been

mapped the Sandhills Creei< Fault and the Coffee Creek

Fault.

-- T.he'Coff ee Creek Fault trends east-north-east and

offsets beds of the Aorangi t'iitre tr'ormation by about a q-uarter

of a mile in a relatively anticloclculise directlon, at the

ground surface. Rocks Bre locally lntensely breccia ted

in Coffee Creelc and ln the gorge in Slaty Croe}<. The nature

oi 
'movement along the Sandhills Creek Fault is unknoivn but 1t

separates gently-dipping strata, from steeply-dlpplng strata

of the We bb Irorrna t i on .

The Coffee Creo.k Fault does not appear to have been

folded and probably post-dates both the recumbent folding

and the intermedlate macroscoplc fokilng. Its age lvith

respect to the Connrs Creek shearing and folding is uncertaln.

The Sandhills Creek Fault is likeIy to be of sirnilar age to

the Coffee Creek Fault.

il'ietarnorphiqrn. Throughout the rnapped area, pelitic rocks are

weakly to strongly cleaved and Ioca11y spotted; they are

represented by slates, phyllites, argillltes and siltstones,

Sandstones and quartzites are invariably indurated and

compact, quartz t'eins are generally rare, and schists are

unknolvn. Grdptolites r r€presented by the casts of f lattened
f r'i'

rhnbdosomesr, generally hnve not been severely affected by
:

metamorphismr 4td the rocks are consldered to have undergone

only lnciplent regional me tamorphl srn.
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Biostratifrraphg.

Ten i8raptolite zones are here recognised in rocics

of the Aorangi ivline area and are nuinbere,J 1 to 10.

They 8re defined in tenns of the stratigraphic ranges of
selected speciesg relatively abundant widespresd, and short-
ranging species have been selected. The species are generally
most abundant shortly after their first appearnnce and becorne

rare towards the top of their range; tireir appearance ls
thus easier to detect than their dlsappearanco. Zone

boundaries are therefore placed at the successive polnts of
appearance of selected species, the zones being the intervals
between points.

Two species are thus required to define a zone and

are its standards of reforence. One, after which the zone

is named, defines the base. of the zone, and ranges withln it;
the other defines the top and l1es wholIy outside the zone.

Threo varleties of zones can thus be recognised. The first,
the frsuccessive appearance zoneil of Vella Ugel zGZl), is
that whose base is defined by a species which ranges through

and beyond the zone, for example, the zone of Tetraaraplus

f rutlcoEus at Aorangl iv{ine . The second i s that whose baso

is deflned by a specles which disappears befqre the top of
the zoner sqch-as the zone of Aidggograptus protoblfldusr
Tho third , the |trange z one tt of the Ameri can coile of
Stratlgraphic Nomenelature, 1s that whose upper boundary

coincides with the di sappearance of the species which deflnes
the zone base . The neare st exarnple at Aorangi ililne ls the
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zone of Isop:rarrtuq ca,i.ree,rs lunata whose boundaries are

defined by the evorutiotrary series rsolrraptus-caduceus lunata -

victorlae rnaxirnodivernene, the transition f rom victoriae

to maxiniodivert:ens marking. the zone top.

The Aorangi lrtine zone s are discussed below and are

correlated with graptolite sequences of Preservation Inlett

Cobb t/a1ley, and l/angapeica Valley. b'aunal diverslty wlthln

each zone together with the faunal change across zone

boundaries is shown in ftg.9, and a list of zonally restricted

species ls gi.ven in table VI ...

1. Zone of Adelograptus.

The oldest zone recognised at Aorangi iVIlno extends

from the first appearance of anisogrBptids to the flrst

appearance of Tetrgqraplgs approximatus. The best section

is exposed ln Anthill Creek ( section 1 , appendix II ) , frorn

locality S2/526 (ftrst Bppearance of anisogrsptlds) up to,

but not lncluding, localtty Sz/>ga (ffrst appearance of

Tetragraptus approxlmatus), the zone being about 16}ft thick.

AilelorTraptus? antiqugs and Adelo_graptus spp. Br€ abundant t

while Tetr?Fraptus declpiens (4-stlped) and clonograptids

are rare. Et.vonema pulchellum and Clonoeraptus aff .

regularls die restricted to the zone, being represonted by+

only one specimen each.

Indeterminate graptolite fragments are found at

localities s2/597 (in Anthlll Creek) and s2/583, 596 (in

L--_-.'---



50

Malone Creek) in beri s lying considerably below the baee of
the z one .

An eq_,iivalent zone can be recognised in graptolite-
bearing roclcs.at Freservation Inlet, f'roiln the section and

faunal lists giyen by Benson and iiebre (lgS5). At cape

Providence, localitles 1r2r3r4, ancl 5l1e withtn ihe zonei

at Kisbee Bay, localitios 20r21 ,22, and 23i and at Coal

f sland , loc ali ty 28 . As a t Aorangi }Iine Ade lo,qraptus?

antiquus and A. spp. Bre common. Other fosoils include

clonogrsptlds, Dictyonema macgillivrayi and Tetragraptug

deeipiens (4-,"tiped) .

2. Zone of Tetragrsiotus epproximatus.

The zone extend s f rore the f i rs t appea rance of
Te ira.gJg-p-!g-Q--approximatus io the first appearance of

!.fruticosuq (t+-ctlped). Unfortunately the zone has not

yet been found in a continuous sectlon containing both

defining fossils, but the best section is in Anthl1l Creek

(section 1 ) from locality S2/59O (first appearance of
T.anproximatug) oB to, but not includlng locality SZ/1SO

(f trst appearance of zone 3 fossils lncluding T. aff .EgEr
T.bigsb.vl , Didlrmograptus sirniLls, and D.cf.extensus). The

zone ie exposed in two true left tributaries of Lltt1e Slaty
Creeic at localities S2/577 and S2/612-51 6, its thlckness

ln Anthl1l Creek being about 7Oft.

Tetraeraqtus aqnroximatus and T. decipiens (t+- and

J-stlped) are abundant; the J-stlped form of T.declpleng
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and r.aeclinans is restricted to the zone.

and clonograp tl d s a rle c oi:niiron .

Adelograptios

The zane cannot be recognised ai Preservation InIet
f rorn the Il s ts given by Benson and lieble (lglt) , but Skwarko

(t gf g) recorcls a graptoli ie asseniblage from north of Cape

Providence, et iocality 5165/507 (collection GS7O21) which

lncludes T.approximaiug, T. quadribraehiatus, T.acclinans and

T. d eclpiens, and which rnost proba b1y represents the zone .

3. Zone of fetrasraptus frutlcos5.
The 

"onu 
extends from the first appearance of

Te tratrraptus f rutlcoqug to the first appearance of Didyrnograptus

protoblfidus. In Sandhills Creek (section lb) the zone

extends from loca1i ty 32/628 (rirst Bppearance of T. fruticosus.) r

up to, but not including l.ocality 32/626 (first appearance

of Lprotonifidug). l'osslIs representing the previous zone

are thought to como from unexposed strata underlying those

at 32/528 ( see append ix I , Ioca11 ty S2/51+1 ) . The zone ls
also vrelI exposed in Anthill , Bottle, ancl Llttle Slaty Creeks r

lts thickness ln Sandhllls Creek being approximately 15Oft.
The zone marks the Bppearance in abundance of the

dlchograptld fauna, while anisograptlds become rare. In
addition to tlrutieosus, many species of Tetrasraptus rnake

thelr appearance r notabty T. biqsbyl, T.harti, T. ouadrlbrach-
latug and r. serrg. ph.yll-ograrrtus anna, Dtd.ymograptus

slntills r D. ensiognsts and several. forms of D. extensug type
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appear. ?he aone also rnarirs the last a-ppearance of
Te tra,rraatus annqoxiniatus and r. deciniens, Restricted

serr8
and -rieho.rrsul us r-'eri'usoni.

TLre order of Bppearence of the r+- and j-stlped forfis
of T. fruticosus has not been definltely deterniined r Do

fossiliferous sequences containirrg both fornis being knourn to
extend belo',"' the first appesrance of the specles. f n

Sandhills Creelt, the oldest outcroppirrg fosslliferous. beds

oave both forins ( tocality 32/628) . The 4-Etiped forn
disappears before the J-stiped forrn in Sandirills Creek

( section lb) and probably also in E,oitle Cr,eei.- ( section 4) .

ll'ronr ienson ririd i.',ei:1e t s lvork (lgiS) , the zone urrn

irc rsco.({Itised at Preservation Inlet at locslities 6r 7 antl B

on Cape Provldence, locality 24 at liisbee Bay, and 1ocalitles
29, 30, and 31 at Coal Island. The essooiated assemblage

is slrnilar to that at Aorengi I$Lne, except that the 4-stiped
f orm of T Jrut ic osus appears bef ore the J-st lped f orrn and

does not overlap it.

4. Zone of DidJntosraptus orotobifidus.
The zone extends froni the first rtppearance of

i d'es t o the f irs t apBearance of

ISSS nata. In Sandhills Creek (section

ib) the zone extends f rcrn s2/525 ( fir-ot nppear.ancs of
g.rnotobificlus) up to, but not including locaIit}r sz/623
(f irst appearnnce of f . c.lunata) , and is nbout ],5f X 'r,.iliek.
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The zone is also exposed ln Anthill Creek (section 1),

Bottle Creeil.: (sec'uion /.|), anrl in Little Slaty Creek. The
i.

well kno'r,'n locality nt Golcien Rldge (Uaff 1915a) lies
within the ton".' D.prgtobifj.clus is abundant in the lovrer

part of the zone but disappears before the top. $lqmaflraptug

laxus and I spgraptus caciLtceus? l:rimula are restric ted to tho

zone. Phirllograptus 1licifollus, P.anFustifolius angusti-

f olius and Didrrrnosrg.ptu-g_g4S-p-gus f i rst appear and becone

comnlon within the zone, Tetraflraptus aml1 and T. reclinatus
appear, but remain rare. T.frulicosus (J-.tiped) ranges

from the previous zone into the lower part only. lrgIg,
T.harti and T.biqsbv! are cornmon.

From the Ii sts given by Benson and I(eb1e, the zone

can be recogni sed at Cape Providence (tocalities 9 ,1O r 1 Oa ,11)
and at Coal Island (toeal.ity 32), in the Preservatlon fnlet
area. I t is represented by a similar assemblage to tirat
of Aora ngi irilne .

5. Zone of Issgraptus cacluceus lunata.

The flf th and sixth Aorangi iviine z ones are def ined

by subspeeies of the evolutionary series, Isogra'otus cadueeus

lunata vi c toria e maxinlod lvergens. The f i rst appearanee

of I . c.lunala,"marks the base of zone 5, and the transltion
:

from vlctoriae to maxlmodivergens marks the top. The best
sectlon 1s exposed in Sandhllls Creek from locality S2/627

for about 4 ehains upstrearn, where the zone is about 115f1

thick. Tho zone is also exposed in Anthill Creek (sectlon
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1 ) r Bottle creek ( section 4) and ln Little slaty Creek.

f. caduceus is abundant, f. e. lunata in the lower pa rt
of the zone passing lnto T. e.vietoriae in the upper part.
Ph:rllosraptus t:rpus is conf ined t,o the zone. Graptoloid sp.

! indet. appears vri'th a burst near the base but becomes lese

common towards- the top of the zone. Dlchofiraptus,

represented by D. octobrachiatus, D. ogtofrarlus, and D.rnacco.vl,

and Didyntofiraptus cf . eocaduceus make thelr f irst appearance.

i{aking the i r last appea rance a re the ani sograpti d s ,

Phyll-oriraptus ilicifolius, P. anna, P.angustifolius angusttfollus
and Dldynrogqqptus extenEgg.

. The zone is equivalent to the youngest rocks on Cape

Providence recorded by Benson and i(eb1e (tocality 12).

6. Zone of Isggraptus caduceus maxiji.eji.Lysrgens.

. The first appearance of I.crmaximodlvergens defines

the base of the zone and the first appearance of either
Oncoflrantus or Cardiograptug defines the top. The best

section extends from the lovrer part of Anthill Creekr up

Little Slaty Creek to the lower part of Jimmyrs Creek. The

zone 1s partlcularly fossiliferous at locality S2/552 on the

Aorangi X'iine Track, where it contains fiore than 29 taxa. It
outcrops for about half a miLe along striko ln Llttle Slaty
Creek. Thickness of the zone is of the order of 1 OO-2OOft

ln the Anthill Creek area. f t is the nrost richly fossilif-
erous zone at Aorangi Niine, both in numbers of specles (fig.9)

and ln numbers of individuals.

t-
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Liembers of Tsorra.:tus doriiinate the zonaJ

I. c.gg21lgogi1ergens being ihe most cotniTlon fossil.

a s semb lage ,

Othe r

common f Orms are I. durltoqqji, Lhastatus and I. imitata t

TetraF:rantus , cf '. serra, l. aff . taraxacurn- T. ouarlribrachlatus t

Did.r,'mof,rantus sp. ( extensif ornr) and Goni ograptus. G. ma ce r,

T.-aff. chaprnanl, T.headi, TrigonoF raptus cf , ens;iformis are

confined to the zone. Loganograptus, Did.vmograptus

v-de_fJexus, Trigonoqraptus ensiformis, and Graptoloid sp.2

make their first appearance, while Dlchograptus r Tetrasraptus

bigsqll, T. rec,]inatus, Didymogreptus ef .gggduceus make thelr
' :.

last appea rance.:

The %oyle has nJl'3"dolvalent elsewhere in New Zea\and.
A

7 . Zone of Oncograptus.

The zone extends fronr the ftrst appearance of either

Oncograptus or Cardlograptus to the'first appearaneo of

Paraglossogrgptus etheridge!. The best section ls exposed

ln the lovier part of Lit tle Slaty Creek and up Slaty Creek to ,

but not includingr locality 32/568 (ftrst appearanco of

Paraglossogra"otus etherldgel. The lower part of the zono

1s well exposed ln the upper part of the North Branch of

Sandhills Creek ( section 3) , in Jlmmy t s Creelc, and 1n the

gorge in Sla.ty Cre€k, dournstream from Coffee Creek. The

zone is'partlcularly fossiliferous at localities SL/S:+O ln

Jimmyt s Creek, and S2/5t15 in Slaty Creek. It is about 1170f t

tblck ln the reglon of lower Llttle Slaty Creek.

Tho most cornmon fossll as in the previous zone ls
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Isograrrtus caduceus ma>;imorJivergens, but f . spp. aff .

manubrlgtus , l. af f . irni ia t,a , I . rJ unrosus , Dioymofrrnotus

v-deflexqe and Graptoloid sp.J indet. are also comnton.

Oncorrar'tus, Cardiogra-ntus r Triflono;:rantus sp. nov. ,

Gl-ossoflraptus? crudus, Phyllograptus rrnobiiistr, Gonlofiraptus

speciosus and f .spp.aff.rnanu'briatus are confirrod to the zone.

l,^any forms make their last appeBrence, notably

T. caduceus, Goni.ograptq", Tetraqraptus serrar !. cf .gggt

Qldyrrosraptus sp.-(extensiform) , D.v-0eflexus, while fern forms

rnai(e their first Fppearance, the nraln one bolng ?Hallosraptus
,

lnutilus. 
''

RnoPnThe zone has nolequivalent elsewhere in New Zealand.
4

8. Zone of Paraglosso,qraF,tus etheridegi.

The zone extends frorn the first appearnnce of

Paraslossograotus e theri@ei to the fi,rst appearance of

. In Slaty Creelc the zone extends

from localityiSZ/n68 (ftrst appearance of P.etheridsel)

upstream to, but not' lncluding, the horizon represented by 
:

locatity 52/539 (ftrst appearanee of D? decoratus), and is I

about 72}ft thick ( sectlon 2) . The zone is partlcularly ;

fossiliferous at locality S2/5BZ in a srnaIl creek northwest

of Baldy Trig.
The zone marks the appearance of the diplograpttd

fauna ( u" described by Bulrnan 1 958) wlth the incornlng of

Paraglossograptog, Amplexosraptus, and Glvptograptus, together
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!'rith ?i{?llograptus and Glossoaraptqs. pseudobryoqfaptus

lncenjltrsr P.parallelus, sinograpiid sp., Glossoqfa?tus

Fcanthus, Pararlossorraptus eiheridge!, p.zealanlllcug,

Amolexograptus c onf ertus, Glyct,o-ractqq aus trodentFtq-g

austroCenta tus, anC G. cf . i4ter*sr-_Us are confj.ned to the zone .

ifrost 
?t the rernaining dichograptlds make thelr last

appeerance, including Loganorraotf,s r netraqrarrtus, f scgraptus,

also Triqonofrant[s.

A single specirien

in a pebble in 17 l,iile
zone 1s represented to

catchrnent.

of Gl-:rr:togxqptus Bus^,,rodenta tus s sp.

Creek (SA/Sgl) lndlcates that the

the south in the Aorere River

most fossiliferous at locallties S2/6jj

a

Zone of Diploga"otus? Cecoratus.

The zone ranges froni the first ap-Dearance of
to the first appearance of

Dicellograptus. rn slaty creek the zone extends from

1oca1lty s2/$3 (first appearance of D?.clecoratue) opstream

to the major true right trlbutary, and in the tributary up

to, but not including, locality s2/575 (first appearance of
!icellosrar:tus)rf ts thlckness boing about 1 85Of t ( sectlon Z) .

f t le exposed for a mile along strike in the up.oer part of
Slaty Creek, and

and S2/539.

a

s

CiplqgJ'4ptus? decoratus is confined to ihe lorier par"t

of the zone whlle Gl,rrptograptus cf.tereiiusculug flrst alDenrr-:

1n the upper-part. Phyllorrectus rnr'ustii'o1ius elonrla i,rs,
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NUI.4BER

OF

SPECIES

Z O N E S

Flg.9. Faunat diverslty (cross-hstched) and faunal

change (heavy llnes) ln graptoll t,e zones of the Aorangl

Mlne and Wangapeka areas. Faunal dlverslty ls

measured by the total nurnber of specles (ana subspecles)

ln eaeh zone; faunal change between two adJseent zones

ls measured by the sum of the number of outgotng speetes

ln the older zone and the number of lncomtng specles ln

the younger zone.
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and Pteronractus? sp. nov. - the only dichograptids together

wl th Crypto,rracius schaf eri , CIii'nacoErriptus brevls, 9. cf .

riddellensis, and Glyptorrantus cf.teretiusculus siccatus

are confined to the zone. Qlossograptus hincksii rnaices

its first appearance, rvhile the dichograptids make their

last appearBnce SmaIl, poorly preserved diplograptlds

are particularly abundant in the lower part of the zone.

The rvell icnovrn tr0obb bed'r in Cobb Valley c on tains the

equivalent zone, described by Keb1e and Benson (lgZg) and by

Skwarko ?geZ) "" the ttGlyptoqraptus teretlusculus zonett. The

earllest zone ln the Cobb sequence, it does not contaln

Diplograptus? decoratue and probably corrosponds to the upper

part only of the Aorangi iriine zone. Paraglossograptus

etheridgei 1s present (SXwarko 1962), extending its zonal

range from that known at Aorangi hiine, but the common fosslls,
lncluding Cry'ptggrartus schaferi, Glossol-iteptus hincicsli and

Glyglo,rraotes teretiusculrrE agroe urell with the zonal

a ssemblage at Aorangi ,\line.

1 O. Zone of Dicellograptus.

The base of zone 4 O is marked by the first appearance

of Dlcellog{aptus, the top is undeflned. The best exposures

are tn the true right tributary of Slaty Creek upstream from

locallty s2/575 and in Paturau River and its western

tri butaries. Tlu zone i s most fossi liferous at locali tie s

S2/575, sz/592t;', ,n trlbutaries of Slaty Creek, and at sj/5zl
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Its i;hici'.ness ls of the order of 2O0Oft.

Dicellosrantus Br)Dears rvith a rburstr and 1s

repre 6ented by nnainly s,na11 f orr-ns, sech as D. sex'ilans exilis,

ln the loyrer part of the zone. Dicranogtaptus nicholgonl

and iierr,lgrar;tus riracilis are sparsely represented, belng

conflned to the rrpper part of the zone, lvhile dtplograptlde

are abunoant throughout, aud incl.lde ClirTraco,{r'BDtus spp.r

Gl)rp toiira o tue cf . Jglgli usc ulus , Amplexogra p tus cf . c ogfe rtus t

and nulnerous unidentif lable forms. Pseudoclirtracograpt[6 r

Rqtiograp_lus .eeini tzian+s, and A{plexofiraptus cf . confertus
--k-are rare and cgqfined to the zone.

The zbne''is eguivalent to the I'lerjlaRrar:tus sracills

zone of Cobb Valtley ( stcwarko 1962) tirough J{.gractlls ltself

i s unco(nmon in the Aorangi }llne area. Di ce-llo-graptus sextans r

D_r_se{Xq4s_ exilis, !. cf . tnt-ortus, and Dicranograplus cf .

nicholsoni all mal.-e their first appearance in this.zone ln

the Cobb sequsnce, as at Aorangi Diine . Azygogqaptus,

reported to be abundant at Cobb Val1ey by Skwarko (1g62) , le
unaccountably absent at Aorangi Mlne.
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In'r,rocluction.

Pal eozoic fossils were first reported in the

{f angapeira Va1ley area by iienderson, Grange and iliacpherson

(l gZ+ : q-5 ) , who noted poorly pre served grap toli tes in

boulciers in 
_l{:uggety 

Creek anil in lifrlght Creek. Phylllte

boulders wi tkr -poorly preserved graptolites were found in

'rVangapeka River, one mile dovrnstream from Rolling R'tver by

H.'lV.vYe1l-man and the writer in 1962. Tn 1966 outcrops of

dark argillite wi th reLatively vrelI preservod graptolitee

were found in the valley side south of i/angapeica Ri'verr 10

chains dov.rnstrearn f roin the rnouth of '/right Creer by G. T.

Hancox and A. J. Wright (Victoria University) . A f ew rnlles

to the south at l/it Owen, a graptolite collection frorn

arglllites was recorded as probably llastonian in age by :

Johnston, Laird and Slcwariro (lg€,g) . The writer vi si ted

the area during 1965-7 ancl collec ted gra p tolites f rom many

localities in the valleys of the v'Vangapeica Rlver, Rotling

R,iver, a1c1,, itrlght Creek. An area of about B square miles

lnclud ingr,par,t of the lVangapeka and Rolling Rlver VaIIeys

has been mapped (f iS.1O) . The base tnap ls an enlargernent

of N. Z.lr[. S.1 519 , 1 t63 136O (lg6l editlon) , modified by

pace and compass traverses. Topography is partlcularly

steep and relief 1s about 2OOOft1 outcrops are wlde1y

spaced and fer,v stratigraphle sectlons can be measured.
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Flg.1O. gketeh'map ahd Groos-sectlon of the

Wangapeka Rlvor - Rotr llng Rlver arsa ehorlng hard

rock geology. Foaatl losallt.tes are lndlaated by

sollcl clrcles, derlyecl fossllg by open clncles ;
thay are aceompanlecl by thelr sheet (Sl 9) foesll
recond nruber. Inferued faults are repreeented

by heavy brqken llnee. The loeatlons of the
I

meaeured sectlons, 8f and &6 (appendlx II) are

lndlaated. DlBe and cteavage eymbola

a I ln map I r li',eation indicatcd \ E?ror.)s.

lts|-d# -l-L
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The folloiving stratigraphlc sequence is therefore based on

mapped sequen"urtrabher ihan on rneasrrred sectione, and ts
tenta tive .

Stra t igrailhg.

Four broad li thologic units are recogniser1 in
Pal eozoic rocks. The oldest unit lies io the west of the
vvangapeka rilau,rt; it was mapped by Grinciley (lglt) a"

. t.-..

Hauplri Group of Carnbrian age and is not considered further.
The relllsining three uni ts range frorn Upper Ordovician to

'a,

Devonian ln Bge _and are tentatively equaterJ rvlth the
lvangapeka, EIlis and jiit Arthur iltarble formations of Grindley
(r95r).

Approxirnate thickness, fosslls and sge of formations
and their rnembers are sunt'itarised below. Narnos listed rvlth
an asterlslc (*) are lnforrnal.

I

il{ount Arthurl ltla{ble .

The rnarble'which forms much of the iliount Owen masslf ,
extends northwards into the mapped area 1n Blue creek.
Grindley Ugel) mappe,t the marble as illount Arthur Marble,
equatlng it with marble and limestone at iriouni Arthur,
Plklkiruna Range and Takaka Valtey. Definition of Mount

Arthur iriarble r 8s used here, ie dl scussed ln the following
chap te r.
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Llthostratigraphic units of the

lVangapeka Valley area.

Forntati on l,lernbe r tbiprne ss ( ft)
( upproximate )

Fos si Ls Ase

E1I1 s liJn 20O-25O
C)o\o

I

o
O
Ln

c orals r crinoid s,
bra chi opod s ,
bivalve s ,
trllo bi te s

L otve r
Dovonl an

E 2,r o-50 S 1 luri an?

El ti 1 J00 cnlnoid fragments

Wangapeka llJ4* 820
+

graBtolitss
zone 11

EastonlBn-
?Bolindian

iVJs 550 c!

I

Eastonlan)

W2*. 500
o
o\ grapt oli tes

zone 11
Eastonlan

\nI1 +. O-2O0+ uppe r
Gi s bornlan
to lower
Eas tonlan?

Mt Arthur

Ma rble
- 1 000+

+
ooo

G1 sborni an'
to lower

Eae t onl an?

TOTAL 4i+70 - 47OO+
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In tslue Creek tire mnrble is fine-grained, 1lght Brey t

hard and rnassive ancl is unfossillferou.s. The total
thickness of the fornraiiorr is u.rr,ir'rown, but it is likely to

be thousands of f ee t . |lo f ossi Is a re Knoln f rorn marble 1n

the l;jount O'sen area, bui because it conforinably underlies
i

'i/angapeka i,'orrnatign it is thought to'oe probably Gisbornlan

to possibly loler Sastotrian ln age.

'Ja irr?a o elia F o r:la t, i og,

Ori,,Tinal description. Grindley (lg6,l) erected the iVangapeka

Formation with the staternent 'tthe iviount Arthur iiiarble is
overlain by dark argillites with interbedded qua rtzittc
sandstone and rare limestone bands. Argillites predorninate

in the souih fiVangapeKa Valley u"eu] antJ graded qua rtzitic
sandstone in the north [qux"ro and rfaingaro valleys] .. o...
Because the forrnation confornably uncierlies Lower Devonian

rocks in'Ifangapeka Valley and overlies the Upper Ordovlclan

l{ount Arthur iviarble it is considered to reBresent the

Sllurian Perlod.tt Type section, since deslgnated by Grlndley
(f n press) , is lll1is River, a tributar.y of Baton River, about

15 rniles to the north. Rocks rnapped as rilangapeka F'ormatlon

by Grlndley extend di scontinuously northward s frorn Wangapeka

Valloy f or l+5 miIes, to Farapara Rlvor r and outcroB in the

Takaka Valley aroa.

Defirliti oq_gnd e oq!g!!.
c arb ona ce oq's: :Argi 11 i te s

t't' 
,-,' --

In lVangapeka VaIley, dark

are inierbedded with masei.ve and
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thici<'-bedded qua rizites rvirlch resenble Grindley I s (t g6t )

overlying EIIis i,'orniatiorr and the positiorr of the boundary

betlveen the,,ilangapeka and JlIis Forrnations is uncertaln.

I,'urther, tlorthivest irleiscn l-irnestones inapped as iiiorrnt Arthur

li{arble are likely to beiong to at least two distinct,

f ormations (,fright 1968) and overlying beds can no longer

be assigned to a single fori-nation. Thetti'ilangapeka Formatiolirf

and "ltILl s .irorrnati onrt are theref ore re strie ted here to units

|n'/{angapeka Valley as defined below, their relationship with

f orrnations nrapped to the norih be ing stilI unce rtain.

The'iUangapeka Forr,ra ti on cornprises daric arglllites t

q-ua rtzite s , and muddy sand stone , ancl extend s f rom the top of

the lviount Arthur iJarble in Blue Creek to the base of the

thickr ffiBssive qua r*uzite betleen Ti angapeka and Rolllng Riv€rI o

Four informal rnembers are TecogniserJ and range from llastonian

to ?Lower Bolinriien in age.

gemUgLW1. irlassive q.Lra rtzi te and qua rtz sand stone f orm

prominent cliffs;H the south bank of ffangapeka Valley near

the mouth of Patrlarch Creek, and conlprj.se the oldest bede

map'ped in the \Yangapeka Formation. Boulders of coarse quartz 
;

sandstone and grit with mud-flakes, lying below the eliffs ,

are probably derived fronr this rnember. It ls at loast 2OOft :

thick, possibly much thieker as its base has not been

observed. The member is apparently rnlssing f rorn the sequenco

ln Blue Creek where dark argillites of mernber'Il2 apparently 
;

rest dtrectly orr*:I,it Arthur i'rlarble. The mernber ts unf o6sillf- .

,.-.'

f" r ''|"
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eroug, but

thought to-

underltes Eas ionlern beils of, meinber 't[2, and le

be tovrsn Eastonlan or upper Glsborniarl ln age.

JrtetrFer tl'i?.' Dark blue-grey cleaved argll"ltte and black slhte

overti e qua ytzi te of mernbe r lTl in rVanga.peica Vall,ey r half a

mtle downstreanr from Patriarch Creeh, and' directly overlle

l.tount Arthur }ia rbLe ln Bl-ue Creek and Nuggety Creek. Thin

bands of quartzite, muddy sandstone rrnd calcareoua argllltte
outcrop in Blue Creek nea r the base of the rnember whlch ls
abou't 600ft thlok, Thin cloleritlc stlls on flowe outer'op

on the Slount Ouren. track and on the ridge between \rfrlght Creelr

and Wangapeka River.

Graptollte's representing the Lower pari of zone 11,

'llere found at localities 519/610,61 1 ,622 r62U, and 632 and

lnd lca te an Eastonlan ags for the rnember.

Ir(qmQer UIq. Muddy sandstone and nassl.ve guartzito of mernbe'r

Wj overlte darlc arg1Llite of member rlrl2 ln Wangapeka VaIIeyr

a quarter of ? mlle upstream frorn iTrlght Creek, and ln

Rolllng Rlver, a. quarter of I nile eouth of Connon Creek.
a'l

The mernber ls w6I1 exposed ln the western bank sf Rolltng

Rlver (ffg,11a)r.where the followlng sectlon ls seen.
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Feet

masslve'and thick bedded quartzite 5O+

not exposed aaSO

masslve quartzlte wlth rellct cross- eat 20

bedd ing?

alternatlng bands of sandetone and 25

it"ei11i te

daric arglLll te wi. th thln guart zlte bande 10

bedded quartzite with argtllite bands and 29

lenses ltte.1 2b)

Eia s slve qua rt;,zi te 1 O

not erposed ' ci 5O

---
totaL rllVj c474

Memhe n W2

-

blaek argl1I1te 5o+

total. ,W2 50

Scree materlal on the Rotrllng Rlvsr road dertved

from the member, contalns distlnctlvo boulders of darkr

rnot tLed , ar,koslc sand etone wt th lrreguLar lonees and flake s

of argllllte. On the ridge between Wright Creek, and

llfangapeka R1ver n pale masslve quartzite hae been extenstvely

brecclated probabLy hy the fault infe:rred to 1le near lvrlght
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Creek and Gibb t s Creelr. The nrember ls unfosslllferous but

ls interbedded with the Eastonian rnemhers Vrl2 and f'I4 and ls
therefore fiastonian 1n age. Total- thlckness is about 550f,t.

PJienlbe r 'r[h. . Dark graphi.tte argl]-11te and slate overlles
i

gua rtzite of, memiier WJ in iTanfaBeka Valley near 'ffnlgtrt Creek,

and Ln Rolllng Rlvbr near Connor Creel<, and comprlse the

ysungesi beds of the Wanfuapeka Forrnatlon. fn T/rtght Greek

thin calcareous bands and sandstones occur in the upper part

of, the nrember whlch ls otherwlse fairly unLform in
c ornp os,i ti on.

' Total thl-ckness ls ab'out BzOft. A measured section

through the upper part of the member ln the valley of Wrlght

Creel< is gtvo:n in appendlx II .

The member contains abunclant graptolltes at severaL

l-oeallties b'ut preeervatlbn ts gcneraltry poor.

Graptplttes fro,rn the iollowlng lseallttes repre,sent

the upper part of zsne 1 1, and lndtcate an Eastontan to

possiblSr Bolindlan age fon the rnernber.

s191606

607

608

509

6A3

s19/61t+

515

61 B

519

520

s19/621

621

635

55t+

635
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I' r

l,
lFlg.l 1 a. Contaat betreen maselve quartzl tee of
I, r.

nember wj (fornlng ellffs) and bedcted slltstons
and arglllttc of member W2 (ehortng Just above

bush) r wangapeha Formatlon, lD Rolllng Rlver valrey
n€ar Connor Cnaek.

Flg.t{b. .ltlnoF oontortlon ln darts arglllltes of
monber Y2, Wangapeka Formatlon, tn BolLtng Rlror
valloy, near Connor Crsek.
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F1g.11a

FlS.11b
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Fl€tl. 12a.

epeelmen

narkg.

betreen

.'i'

_r- 
geetlon out normel to beddtng tn 'bend

of muctcly eandEtone, ehorlng antrnal. edoun

8111e Forrsatlon, member El on rtdge

Bolllng BX?er and Wangapeka Blver. 
I

t*lte bandga ttfterbedded

valley noar Connor Cneets.

r1

t
F

R
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I

1
I

Fig . 12b
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R'elationsirip to tinr'lerbrin,q roclts. In Blue Creek, thin-

bedde4 qua r'''1',rLt" and ar€,1l.1ite of niember W2 are probably

conforniable viith l,^or:n', r^.;',,i:ur iriarble but order of superposit-

ion is not clear. In,.,uggety Creeli niarble and argillite

are 1n conforrnable cont,act but again, order of superposltion

is uncertain (o, s.Iierr -o€rs. con:m. ) . The tlo units are

probably in part lai;erally gradatlonal but from the strike

of the contact in the region of Nuggety and Blue Creeks,

toget,her u,'lth the nttitude of beds viithin mernber W2 near the

contact, it 1s ntost likely that the member largely overlies

the iviount Arthur Marble, the line of contact undulating ln
a serles of northerly-plunging fo1ds. Northerly plunge of
trvo rnesoscopic folo axes in the lower part of niember W2 near

the marble contact support ihis interpretation.

In V/angapeka Val.ley nierr'oer W2 t s underlain by mernber

it'1 ; member Wl is thus the stratlgraphlc equivalent of the

itlount Arthur }{arble in BIue Creek. Several authors have

commented on the lensoidal nature oi the l,lount Arthur l{arble

elservhere (see Fleming 1959 2247), and Johnston (in press)

has mapped inlerdigitation of marble and quartzite in the
a --'

lvioun't Arthup g,Tea, 15 miles to the north, where h[ount Arthur

ifarble passes',,1ateraIIy into a non-calcareous factes. '
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U].1is li'ornation.

Orlginnl clessrir:tion nncl defir:i1,ion. Grindley (lg1t) erected

the r:l11ls Forniaiior: as f cll-o?rs: ttin 1;he i'/angapeica ancl Baton

Valleys thiclc-bedded quai'tzites with thin beds of argi111te

contain brachiopods, corais, and crinolds of Loiver Devonlan
i

age, tt The type a.{ea, subsseu.eritly designatecl by Grindtey

( in press) , is Ellis Creek. As di scussed above r tho Ellis
Fornation is here resiricted to the massive quartzites and

sandstones whlch overlie dark carbonaceous argillite of the

'rVangapeka Forrnation betleen Rolling River ancl lYangapeka

River. Three lnfornal rnen,bers are recognlsed and range ln
age from uppermost Ordovician? to Lovrer Devonian.

i{e:'nber ll1 . The base of the memb€rr and of the Formatlon ls
defined by the base of a f00ft thicr band of pale-coloured,

rnas sive qua rtzi te rvhich f orrns ptro;rlinent clif f s in the south

side of V/angape]..a Valley at the rnouth of lVrtght Creek. The

massive qua rt,zite is overlain by 10o0ft of predorninantly

quartzltic beds, the whole seguence comprlsing rnember 81..

A mea sured secti on through the rnember in the south side of
Wangapeka Valley is given ln appendix II (section 9).

siliceous and arkosic rnottled sandstone wlth muddy

streaks and bands a few millimetres thick, are common ln
the mlddle and upper parts of the member, and are lnterbedded

wlth graded beds in i\ierrlck Creelr, and I'rith current-bedded

and calcareogs-sandstone in't,he measured section in
- -'t

wangapeka vaIIey. animal borings and scour marks are
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particularly coir'rrfion (fli: .1 ?a) .

Several bouloer.s of' leergi're6 calcareo'Js snnclstone

c ontaining i'r'fi trnents oi. crinoid s and other lnoeterniinate

fossils '/rere found in a sirrr.ill soothern tributary of the

',;rangapeica, a qua rter of a miLe d oi'lnstrearn f rom '#right Creek

(tocalities 519/61 6r617), and \'/ere probably derived from

menber El . iilse'rthere f'ossils are unicnown. Because the

rnember conforniably underlies meinber B3 of probable Lower

Devonian Bge and conf orntabty overlies IJa stonian to ?Bolindtan

r'Jangapeica argilfite (see below) it 1s thought to represent

the upper Bolindian stage and the entire Silurian Bystem, and

thus to indicate a relatively long perlod of slow deposition.
Thero sre no coltinuous fossiliferous sections hoyrever, and

the possibility" of undetected disconformitles rerTrains.
i_

:

Uiernber 82. A band of strongly cleaved, pyritic, dark

argillite outcrops at several localities on the iVangapeka

track, between R.olllng.rf.iver and lVrlght Creek, and in Nlerrlck

Creek. lnu band is about 50-1 OOft thick and apparently thlns
to the sou.th as it was not seen in the treasured sectlon
(section 9) in Wangapeka Val1ey. It lies within the quartzites
and sandstones of rrrember E1 but is easily distingulshed by

its argl1Iltlc composition. The mernber 1s unf ossiltferous,
lts age Iles within the age range of member El - upper

Bollndian or Silurian.
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i,;elrrber ili. trhs )roungest;l:tlit'rber of'the tl1lis Irormation

c onprises darl<;. thin-oecl,Jed shal-e overlain by bedded qua rtz
sanclstone ,"b grit, arrd rrrucldlr cerlcBreous sancistone, iD all
about 2OO-25Ofl t:. thiclr. The bed s are conf ined to a sneall

area on the ridge crest beiiveen',fanilapeka and Rolling Rivers,

and occup]' the core of' fl syncline. The attitude of beds

vlithin ^r,i'Ie n,ember are concordant trith ^uhose in the underlying

member El , and the tvro ntembers Bre thought to be conf ormable.

Iienderson, Grange and'}iacpherson (lgZL+) collected

fossils at $everal localities of which Sl9/595, on the ridge

betvieen R.oll"ing River and Wangapeka River, lies wl thln the
:

rnapped area. Corals, crinoids, brachiopods, niolluscs, and

tri.Iobites, suggest a Gedinnian (Ursal Devonian) age (lVright

1967) .

Relationship to underl.yin$ rocks. The base of the Ellis
Formation is well exposed on the Rotling River Val1ey road,

half a rniLe north of Connor Creek. iviassive and thiek-bedded

Ellis qua rtzite passes dovan through a 1O-2Of t thlck
transitlon zone of 1ft beds of q.uart.zite interbedded with

4-inch bands of argillite, to dark phyllitic Wangapeka ,

argllli te . f n the south side of rfangapeica Valley near

WrightCreek,memberE1concordant1yover].iesargi11iteof

the Yfangapeka Formatlon, though the ac tual contact le not i

i

exposed. 
i

i
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Oriio'rician to Det'ooirrn straia foriii a relatively
open r northeasterLy-trendlng, synclinal s-r,ructure which is

( te. @)
folded in smarier, north-irenoing folds1- South of the

Itrangapeka River fol,Js p).unge to the north rvhile north of
wangapel:a iD.iver they apparently plunge to the south,

suggestlng that they rnay have been cross-warped.

Arthough folds are reratively open, and steeply-
dipping beds are rare, rnost roclcs are strongly deformed in
both hand s.pecinren and outcrop scale. Argillites are

comnionly sheared and generally etrongly cleaved, sometimes

vri th f ineiy contorted bedd ing. lJesoscopic f olds and

associated congruous drag f ol-d s are coioirton. 6)uartzites
are 'nu_lriably frastured and comnronly brecciated. Age of
the foldirrg and of smaller scale def ormation i s unknoivn.

The only major fault mapped is that inferred to

separate the Cambrian Iiaupiri Group from Ordoviclan rocks,
the na ture of fault rnovement be ing unknown. A thin wedge

of in-faulted mid-Tertiary beds in lVright Creek indlcates
that at least some fault rnovement has occurred since the

mid-Tertiary. Minor normal faults too small to show in
flg.1O, with a throw of tro to ten feet were seen at several
localities and are probably conulon throughout the mapped

are a. The inf erred f auli ln Yfright and Gi bb I s Creeks i s

apparently accompanied by relatively rninor off-setting but

1s probably associated wl th the breecia tion of quart zLte
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beds on t,he spur betueen ,/riilht Creel.- and ilangapelra i?lver.
, jjast of P.olling iLiverr Caric argillites of the

\t'angapelia l'ornati on .qrg- veaxly to riodsrately spotted and

contain qua rtz veiirs up to three irrches thicl<, both features

probably being rissocilrted t';ith the emplacement of the

Se.raraiion Point Granite aririch outcrops 2 rniles east of

RolLing F.iver.

Fal-eontolo

Diagnostic Pale ozoLc f ossils cofirprise two groups 3

Upper Ordovician graptolites of the lTangapeka Fornration,

which constltute graptolite zone 11, and shelly fosslls of

the Elli s Forrne ti on . ,

.':"
Zone 11. Z.one of Gtno.raetus. The base of the zone is
taken at the first appearance of oqthogaptus; the top is
undefinedr the youngest beds passing upvrards into barren

q.uartzites. Unfortunately no continuous sections through

the zone are lcnown, but the upper part is well erposed ln
the east bank of ftlright Creek (section B, appendix II ) .

Dicra4ggraptus cf.hians, Dicellograptus patulosus,

Clirnacqgrap tus c audatus , C. ha s ta tus , C. tubuli f .erous ,

ortnograptus trunca-!gg_I?.9-gpla tus, Q. .qp. ex gr. calcara tus

and large forrris of Orthoriratrtus. are all confined to tbe

zone. DicelrograIrtus cf.sextans and D.intortus are known

from zone 1O of the Aorangi liine area; Lerrtograptus and

Cllrnacoerapt'U..s blcornis were recorded by I(eble and Benson
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(lgZg :Bt+a-6) f rom the Cobb va1ley rriount Arthur area, ln
beds rvhich L)robiioly corrciate r'riii'i z,one 10.

fn ALlstralia (Tno,r,ns 195O), iiorih Arnerica (gerry

1 950) and Brl tain (;lttes i 925') , lar6-e ortliogrsptids and

clirnacogra'pti'ds are first abundant in be,Js younger than

tl:ose containing j{'g-r.nagrnijt,ris lr.ac ili s. y and the Orthograoius

zone (t t ) is here consiriered io be younger ihan zone 10

(nlcellorraprus and i!.flrircili.s). It is separated from the

nearest definite zone 10 correlatives, 1n Cobb Va1ley, by

about '2J rniles. The tlo zones have relatively few sBecleg

in cornmon and are onl;r tentatively thought to be conti-guous.

Zone 11 is correlated with the ilastonian aird possibly

Iower Bolindian stages of'the Vietorian Upper Ordovician
( see chapter 5).

Be twe en ;J/angapeke live r and F.olling Rive r zone 11

argillites are separated f rorn Lor,'rer Devonian qua rtzltes by

approximately 150Oft of nainly quartzose sodiments (member

El ) from which no diagnostlc fosslrs are known, and of
whlchr part or all is inferred to represent the Silurlan
Perlod.

Lovrer-Devonian. Corals, crinoid s, brachlopods, nrolluscs and 
'

trilobites are known from locality 519/595 in Ellis quartzLte :

on the ridge between tlfangape]<a and Ro1llng P.ivef,B. The
;

brachl opod C oighlgi-g* sp . r of Shl rley (l glg) i " now knorvn 
r

to be lrTotoconchidiumr suggesting that i,he beds are'Gedinnian 
':

f z 
--J --t"t.-- - lttr.., r-r tnf 6 /=r\ mt- - - r!---, I(Lower Devonlan) in age (ffright 1968 1635). They are thus
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S t, rn t,1,qrn Ih:/.

irossi lir'erous q'Jartai te ov'.lrIying l'!outrt Arthur liarble

at liailes iinob (+eO5ft;, near Tipl:er Taiiaka, was first

rsported by Cooper (t g€t5) lvho recorcled brachiopod fragments

on the ridge soutneast of fiaiLes iinob. The area was brtefl"y

re-exarnined during the present work and a second fossll
Iocailty found, ir the headivaters of l'Iai Creek. The geology

of the area j-s shovrn in a sl--etch map (,fig.13); the base map

was constructed from vertical air phoiographs and ground

traverses.

The best exposed and riost accessible section through

the rnarble and quartzite, and the only knovrn exposure of the

c ontac t be tiveen the two f ornati ons , outcrops j.n tho 20OOf t

high Pii(tkiruna scarp, in the headwaters of Dry Stream, one

mlle north of lialle s itnob. Less well exposed, and less

accessible sections through the quarizite outcrop in the

headlvaters of l'Iat Creek, and on the ridge southeast of

Hailes Knob. A rneasured section through the uilper part of
the llmostone and through the fuII thickness of quartzite,

exposed in Dry Streaffir is given in appendix II (section 7)

and 1s correlated wlth other Northwest Nelson sectlons tn

flg .15.

4.
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Ftg;13. Sketoh map from aertal' photographe

(UOt 9/tO, { { ) of the Ealle e Knob area showlng

dlstrlbutlon of Halles Knob Quartzlte. Fosell

Localltles are ehown by solld clrclee r derlvecl

fosslle by open ctrcles; they ara aoconpanled by

the eheet (ff1) fossll record number. Tbe Hallee

Knob eolurnn Ln ftg.'15 1e oonstrtreted from outeropc!

betreen fosell locality S'15/550 Ln the headraters

of Fl"at Craek, and tha headratere of Dry Streamt

ono mlle to the west. The rneagured g€,Gtlon

(eectton 7, appendlx II) le exposed ln the

headwatere of Dny $treamr * nllo north of Hallee

Knob Trlg etatlon. $pot helghto ars from the

geologlcal map of tbe lnotueka subdlvle!.on

(RenOerson, Grange and Macpherson, 1 959).
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mng narne tt.,,ount Arthur,,.Brbletrhas beerr generally

i"irFileJ oy iros'u prsvious','lorkers to Iiriiestones and marbles

of Liorini','sst Nelson thoughi io oe cf' Ordovician Bge. Wright

(tg58) hns shorvn that l"inestcnes mapped as i,iount Arthur

iiarble range in probable age fro,ri early Lolver Ordovleian at

5.ount Patriarch to late Upper Orcloviclan at Ilailes Knob, and

most proba c1y repre seni more than one f orrna tlon. The name

],iount Arthur ivlarble is iherefore resl:ricted here to the

irrgssive marble and limesiones iorraing iiount Arthurr the

Plkiklruna Range and we st ern Taicarca Valley, and the hlount

Owen massif.

At i{ailes Knob ai least 1OOOft of bIack, f ine-gralned

graphitlc limestone with in*uerbedded muddy and mlcaceous

layers is exposed. Resiflues of acid solution salnples

comrnonly contain euhedral pyrite crystals. Interlamlnar

folding and contorted bedding are eon',ilon at several horizong

and iossiliferous boulders in Dry Stream derived from the

Sormation are comrnonly strongly disiorted and rarely cleaved.

The berJ s hnve clearly undergone severe internal def orrnatlont

and the original thickness of the forinatlon has probably been

conslderably aIlered. Base of the Forrnation is not exposed.

Crinold stem fragments are particularly comrnon

throughoui the limestone, and pooriy preserved tabulate corals

and sponges are lcnown frorn boulders (Cooper 1965). The

Iirnestone yras e quated by Cooper wi th that at Sam Cre€kr eix



9o

rniles to tne north, r,vhere tr:e coral-s Pl-asuorrorelln cf.
i.nflate ilill-, Prohelioli',.es g[d{ussi (niffings), and

Favlsie11a alveolaLa_ (iiaf:") .;aggest an uppermosi Crdovician

age (nof irioian). .r-i:iestone boulCers deriveiJ from Hailes

i{nob contsin the conodor.ts icoll-ono@, PrioniodinS cf.
rni-rcrodentnta, Ozarkodina, C:r:toniod'rs cf. cornplicatus and

Belo,Jina (rlright 19bS) su;igesting a late Caradocian or

Asirgillian (gof intlinn) ugu. The 1i;nestone 1s therofore

considered to be Bolindian at least in part, and may contaln

younge r bsd s.

iiailes linob ?uartztte.
The name Hailes iinob 'clua ttzite was proposed by

Cooper SgAl) for "grey qua rtzite and sandy slate overlying

black lin:estone near iiail".r tinobtt. The Formation is

confined to the core of a sma1l syncline and is fault-bounded 
r

to the east and south. True section is exposed on the

ridge leading southeast from Halles Knob.

iiassive and well bedded qua rtz sanristone and 
:

;quartzlte with rare phyllitic and argillaceous bands aro i

exBosed 1n the headlaters of Dry Stream. Near the top of i

the section the q.ua rtzite is strongly crecciated and contains i

Ienses and pods of calcareous sandstone anri grit ( tne
fttuffaceous sandstonett of Cooper 1965), 5-6tt long. In i

the headwators of Flat Creek a similar lens contalns poorly 
i
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preservec fragrnentu of brschioFoclsr corals and crlnolds

(5111550). Argll"litlc beds and anlmaL-bored muddy

snndstones are more cornfion in the ridge leadlng otltheast,

f rorn iiailes Knob. hori lailn reBrenented by the braehtopod

Ioeality 515/535 on the ridge is close to, or overlies, that

of locall t3r 513/550: ,

The base of, the Forrnation I s exposed ln the he adwatere

of Dry Stream. Graphitlc b:Iue-grey Mount Arthur llrnestsne

passos eonforrnably up lnto blae.k phylllte and spotteil

argillite wLth calcareous bands over"Ialn by well bedded

qua rI"zltlc sandstone rvlth mudstone flakes and calcareoua

bandsr of the l{alles Knob Qqartzi.t,e.

The brachl o.Dod fragraents lnclude [ventral mouldE of

a plieate pentarneri d tt (1. ,1. ,fl/right , pers. comm. ) . Perntauteracqa

qsngo from Upper Ordovielan to Upper Devonlan. Becauee

IIatles Knob Quartai.te eonfo:nnaabl"Jr overltes lfiount Arthur

lrtarbLe wht eh t s upperrnsst Or,l,ovlclan ln pant r It ls thought

to be probably $llurlan tn 888.
t



:

t,

Flge llii. Intsrbedtled quantal tee and tblnr eheoned 
' 

.

argllfltos qear the baga of tha Hallae Enob QuartElte

ln thc hoadratcre of Dry gtream. lha aontaat rLth
Itount ,Anthur llanbls la erllosed ln the bcd of Dry

$treae to the left.

it'-+-4

F1g.14b. fhlck beddod guartaltea dlpBlng from. upper

Left to loror nlght rltb a oaloareous lens (beneath

bannor) orlcntoil nonnal to bcdldl,ng. UBper part of
Hallos Knob Quartztte, headratere of Dry Strean.
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Previor"rs elvislcns.

Previous correilations of Neui Zealand graptollto

f aunas Bre shovrn in two chnrts, which rel,ate Nevr Zealand

se(luenceo to the Victorian stages of Thornas (lg6O). In

ti:e f i rst, f ig .16, the ages ars those the assentblages were

considered to irave when first Cescribed; in the second t

fig.17, the ages have been revised in the light of present

kn ovrie dge r .

Sequences of two or rnore greptolite zones have

previously been oescribed from PreGervatlon Inlet and Cape

Providence in Sorrthvrest Otago, and from the Aorangi Nilne

a rea and the Cobb Valle;r iiount Arthur a rea in Northwest

Irelson, more than 4lO rnites .to the north (fig.1 ) . The two

regions lie on opposite sicles of the Alpine Fault and the

distance between them is reduced to about 160 rnlles lf the

clockwlse transeurrent offset of JOO rniles along the Fault

since the Jurassic (yrreltrnan 1955) is allovred for

Small collections of Lower Ordovlclan graptolltes

f rom. Cape Pr.ovldence, Pre se rvation Inlet and the Aorangl lvllne

area were llsted or descrlbed by several authors from 1879

to 1927 (see Benson et al 1936 z35B-354). Their slmtlarlty

wlth Victorian faunas was reeogntsed (nector 1'879, Ha1I 1915a)

and ages were deterrnined by direct correlation with the

Vlctonlan sequence.

5.
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Thc first at.t€ir;pi i-rt, an or/er-a11 iiel'i Zealsnd zonal
suboivision ivFrs tnat 'oy iiebl"e anc tseniion 1n 1929, and

irccri,oraiei f'ossil-s f ro:rr Southivest Otago, the Aorangi Mine

3:feBl snd the Cobb Valle5r i,:ount iirt;hur area. Flve zones

v/ero distingulshed: the FrescrvatJ.on, Golden Ridge, Douglas,

Lo,Jestone and Leslie zones in upward succession (see flg .h).
Severel zones \ryere subdivlded, eight subzones belng proBosed.

The oldest zone, Pre serva ti on, was based on a slnglo
fa una f rori Pre serv. a.!1on f nle t , de scrl bed by I{a11 ( f gf 5b) ,
and correlated with the L3 (norv the LaZ) zane of Victoria.
Although no younger f'ossils ivere lcnoyrn fronr the zone, lt
was considered to also conprise upp,er Lancefleldian and 

,

Bendigonian stages, including what is now ternned in Victorla,
lower Chev;tonian, and to be contiguous with the f ollowing
zone r Golden Ridge. The Golden P.ldge zone y/as based on

faunas at Cape Providence and at Aorangi lrline and was

correlated wlth the whole of the Victorian Castlemalnian stagep

tncludlng what 1s now the upper Chel'itonian. Subsequent work

on the S outhwes t Ctago se o-uence 1s d i sc ussed ln the f ollowing
sectlon.

The three upper zones Douglas, lodestone and Leslie
we re based on graptolites from several locallties ln the Cobb

valloy il'iount Arthur area. The oldest, Douglas, was

represented by the Cobki Bed graptolites which were correlated
wi th tho na67 fauna of Vlctoria, noy/ known as upper

Darriwilian (O4). Although older Darrlwillan and Yapeenian
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ilUe .iossils, i,'cre ..inLrrfry,'fl, i.^€ Dougi-rs z,oyre iTas consldered

io exi,en-l i'r;m 'ufie t op of tne precedirrg Golden Rldge zone.
tnr- nr',-rn'i rrtI]J LOOeS^uOne ZOne i:ieS COritpOSed Of gI.AptOlite-..Q L' r V^ +J

senrlng beas at Flora Tracl.., iiiount PeeI and Lodestone Peak

and it'as corl'eLated t'lit,h what is no'!,r lcnowr: as the Gisbornlan

ctage. The youtrgesi, zone, t.,eslie, !,/as represented by a

singie faunai from Leslie R.iver and lyas thought to be

ia s tonian 1n Bge. Conf orfi.i ty of the lvioun t FeeI and Cobb

tsed s wns su-oported by f le1d evldence, but the stratigraphic
position of other localit,ies was based on correlation of

their fossils vrith those of the Victorlan sequence (tCeUte

and Ben$on 1929 : 8+8) . Tirris , Blthough New Zealand zone

names were used, the succession of zones was largely
deterinineri by comparison lvith that of Victoria.

Follor/ing the'rJis"o:ery of more cornplete sequenees

at southwest otago and Aorangi ii,ine, Benson et aI (tgSSrlgj6)

abandoned the 1929 zone nomenclature in favour of that used

in Victori,a. Victorian zones and stages have since been
b

revlsed by liarris and Thomas (tl:a*) ancl Thomas Ugea) and

are used accordlngly belovr.

The Cobb Bed thus comprised the upper Darriwillan
(Otl) o" Glyptosraptus teretiusculus zone, the i,lount Peel

and Lodestone bede comprised the lower Gisbornian or

itlemaflraptus qracilis zone, and the l'Iora Track bed was

grouped with the Leslie River bed to comprlse the upBer

Glsbornian, or Climaeogrept*s bicornis zoDet The zone fosslls
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of the first tvio zones were unirno'nn in i{erv Zealand, and

correlation was uncertain.

t{othing new u/as published on }Terrr Zealnnd greptolites
f or over 30 years. Then, ir 1962, Sic'rarko dssc::ibed new

collec iions f roni the Cobb t/alley i,lount Arthur area.

+lI,r'J,Lgr:ra rt t.1s t,e re ii [scgles tra s recogni. sed in t,he 0obb Bed ,

ccnf irning Eenaon and i',eble I s correla ti on wi th the

G. ieretigscglus zone of Victoria. Iiella,;-rrriltuq_ir:acilts \'/as

Ciscovered in strrta siratigraphically inbetween the Cobil and

.,iount Feel Reds r tl:,us establishing the ne'rll loler Gisbornian,

or li'.e'rncilis zone. The ;l,lount, Peel and Lodes tone beds

conl',ained'rno resiricted zone speci.estr and \'/ere 11sted as

"rrr'i ,iiilc G'[ ni;o rttirrlrtt. "nl'lu It]-or.n '^l.trcl( tt(!r'! Lctl lr: illvr;r, iir;,1,'

rvere no t re-qxamined b)r Slrvla rrro (t g|t ;217) .

A small graptolite colleetlon f rom ilount Osren, was

listed by Johnston, Laird and Slcwarko in 1965.

Picellociractrr.g aff . divaricatus, if. aff . cl-in,gani r ClimacojlraD^,"rls

cf . bicornis , I, cf . exirTuus and Retiqr:raptnq? sp. nov. Yrere

assigned a ttprobable Xestonianrf age.

r-,lost recently, Srni th ( t l6e I made a nurnber of neu/

collections ln the Aorangi illine area. One asse,nblage

(Vt 045) included gncpsra-otuq-upsilon, and lTas referred to

the Yaireenlan (y*t ) of the Vlctorian sequence.
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Flg.15. correr.atlon of Ner zealand foesluferoug
ordl ovlclan se quenoes. Aorangl Mlne, flalles Knob,

and lYangapeka columne conpllecl from data presentecl

rtth thls paper; tr'lordland col,umn fron Beneon and

Keblc (1%5 3 text-fle. t ) ; 0obb eolunn from Skrarko

(t glgr unprbllsbed tbesle held by Geology Dept. I
vlctonla u'nlveretty of rrTeltlngton) and Grtndley ( t 9ot ; .

rndlcated thlckness of Cobb formatlone approxlmate.
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present knowledge.

arrsnged to sbow

Zonee proposed

the FgeB of degcrlbed "zones' (cross-hatched) fn
ln thls paper aro llsted at left.



Zones (Benaon, 1938) Lazc{l r-az p laetlnet+ lchl lchz
It
)

Cape ProvLdence 7 8t3fu2tgttl
Klsbee Bay 20 212223 24
Coal lgl-and 28 2930 31 32

Dic tyonena macgillivrayi
Clonograptus klngi
C. spp.
Adelograptu s ? antLquus
A. rrhunnebergensisrl
A. clarkl. & vlcloriae
Gonlograptue macer
Sigmagraptus laxus
Tetragraptus acclinans
T. approxLmatus
T. blgsbyi
T. decLpiens (4-st. )
T. frutlcosus (l+-st. )
T. fruticosus (l-"t.)
T. harti
T. pendens
T. whitelayl
Phyllograptus anna
P. angustifollus
P. LlLcifolLus
Dl.dyrrograptu s ext ensus
D. protobifLdus
D. slmL]'ie
Isograptus caduceus prLmula
I.c.lunata (t)

.xx .

.xxx x x
xxxx.TT:: *,.:'xx

x.xx
'xxxxxxxx.xxxx

xx
: : TTII*I: ,.

: ::T:TiI *
x
xx'x

xxx
xx

xxxx x. .xxxx
.x

' .xx

.xx
.X

xx x.xxx' 'xx
x xx

xxxx .xx

x

Equivalent Aorangi lline zone zone t A zoneS Itorr"4
z
5

Flg.18. $outhrest Otngo grnptolltee. Dlstribetlon of

sonal epecles (heavy crosses) antt other spectee useful for
correlatlon wtth Aorangl Lllne (tfgnt croesee) 1n collectlons

made by Beneon nnd Keble at Cape Provtdencer i(lsbee Bayr and

Coal Iglnnd. The zones dlatlngulshert by Benson (tg:g) are

6;1ven at top, and equtvalent Aorangl litne zones are glven

at bottom. F'osell names are as revlsed ln Part II of thls

thesle. (pata from Benson and Keble 19t5, text-flg.'1 ,
tables I and II).
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'i:e nost c)iititfe'-e ,lrri)t,oIite .sgquence in Nevl Zealandt

that of iire Aorangi l,,i:;e 8rea, is correlated lvith

f ossiliferous sequences at ?res€rvtr tion Inlet, Cobb Val1ey,

Hailes iinob and rVnngapeka r/alley (fig.15).

The graptoli te seqrence at Southl'rest Otago descrlbed

by Benson and Keble in 19j5 lres detenrrined frorn independent

stratigraSrhic evidence at only ihree places

Coal Isl-and in Preservation Inlet, and south of the Arch

Stack at Cape Frovidence. !'ossilif erorrs horl zons were

shovrn in a cornposite stra tigraphic column in text-f 1g.1 and

are here reprodueed in t,he sarne sequence in fig.18; the

zones allotted by 3enson and lieble are listed as in the

revised list of Benson, 19J8. The distribuiion of speclos

regBrded by Benson and i(eble as zonal indicators is shown

by heavy crosses, that of other useful correlation species t

by light crosses. The equivalent Aorangl Mine zones aro

shown at the bottom of the figure.

The two oldest zones in Southwest Otago, La2a anil

La2b together extend fron the oldest graptolites

Adelotrra'otus, Clonogleglus r 'ne'r, raf rapt'us d ecipiens

f irst appea1'ance of Tetrs.qrantus appf Oxima tus, and

coruespond to Aorangi iiiine zone 1, Adelograptus. La2b

distinguished by the Bppearancettin abundancett of

Adelograptus hunne!ersensis and Clonofiraptus klng!.

T.approxj-nigtus and T.fruiicosug first appear together

Dl ct.vonema I

- to the

thus

1s

in tho
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collect,ions ;;.ade cil tr.er.so:i nntr i''.eoLcranC Aorangi i;line zane

2, T.ariro:rirnt,us, is rrp'.ri.r:ri'i,ly not r.s::rresented. i{ovlever,

the zone vigs recognisec alr i.,',','.'arlto in 1958 (o" tne Victorlan
zane T,aJ) irr a coIl";ction ( OSZOet ) f rorn north of *,he Arch

Stack at Cape Providence, ano its aosence from the sequenceg

ilescribed b). Renson and iteble rnay rye1l be due to insufficiently
close sarnpling

' Bens on and iie bie t s thi rd and f orirth zone s toge the r
extend f ron t,he first Bp.rearance of T. fruticosus (4-stlped)

to the first appearance of l)idymorraotus pro.tobifidus and are

tirus equi-valent to Aorangi l',ine zone 3, I,fruticosus. The

four-stiped varlety of T. iruticosus 1s confined to the thlrd
zone - zone tse1 and the three-stiped variety to the fourth
z one zone Be i+ .

The fifth and sixth Southwest Otago zones, Chl and

Chz r t oge ther rBnge f ront the entry of D.lrotoblf idus to the

' entry of Isograptus caduceus lunata and are equivalent to
Aorangi hiine zone 4t !.protoEIidus. Zone Ch2 is
distlnguished by the presence of I.c? prinrqlg.

. In the Cobb \ralIey - iiiount Arthur se quence the

earliest zone, Glyutograptqs ieretlusculus, extends up to 
;

the incoming of Nemn.qrapies sr?ciUq and lieello.qraptus..:
I t d oes not con t-ain Diplo,sra ptus dec orn tus and c orrespgnds ,

to the upper part only of Aorangi i,line zone 9, D. rlecoratug. i

The cor-nmon f ossils, includ ing Cr,gglg.gra'otus schaf eri , ,

Glossograptgs_hincksii atrd Glyotonraptas tereiiugculus agree

well wi th those at Aorangi illlne.
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-h€ '1,. rrnc'i-lL i s zJni | ':l: in rne zi)ne fossil and

aDunrJnnl', i -cr:l-1ogrF:J iiCs r cor"rtsrond s to /roritnsi I'line zong

i 0, )ictrl.lo.l":"'::lt.lg. D.cf .rj:?li-riIis, D, sext,ans exili.s, and

D. cf . intqrt;s, are corninolt -,,o botn areas. The siratigraphlc

colu;nn snolrn in f lg,1J is baeec ,'nainly on Grindley (t ggt )

lvho mnpped ihe G.teretilrscul-rs, anC li.,o;r',nci11s zones ag

Leslle ltor;i'rRtlon, barren overlying strata as Douglao

Jor;aatiotr, and the ov'.irJ-ying i,lount Peel tseds as PeeI

t'orna tion. .i,iarb1e ovsr:lying ine Peel Forrriation in Cobb

Valley tras inapped I s j,lount Artlrur iriarble.

The I'oungest grapiolite zone, Ortho,graptus, is

icnot'/n only f rorn the 'rTatrgapeKa are a , anri i s thus the only

zone not represented at rlorangi .r.ine. It is thoiighi to be

.crobably coniiguous lvith zone 10, and its base the f irst
appearance of Orihograptus.- is taken to represent the top

of zone 10. The lriount Feel beds of the Cobb Valley

iiiount Arthur area thus lie wltnin the N. grecl_tl-s zone. A

change in lithology to baruen quartzite ternninates thg top

of zone 11 in th". r'Yangapeka Va1ley, the next youngest

diagnostlc fossiis being Devonian anC occurring 1 5OOft hlgher

in the seq[ence.

' The i{ailes iinob seciion i s oniy indirecily correlated

wlth that at i,Vangapelr,a Va1ley. The tentative uppermost

Ordovician age of conodonts frorn rnarble at l{a1les i(nob (Wrfgnt

1958) and of a coral assernblage froin strata eguated with the

marble (Cooper 1965),, suggest that the boundary between

i'rlount Arthur ,viarble a.nd iia i Ie s Knob Q,uar tzLte approxlmate s to



Gli,'..toglrulgs-teretirrscuLirs (zone 9), l';hich have priority.

106

the Ordovicianr/Silurian boundary.
' The eleven graptoli ie zones describerj in this ihesis

are therefore consiriered to represent the Ne.,lr Zealand

grai:toLiie suceession, and are listed togeiher lvith resirieied
sp.ecies in table vr. The zone narnes are those of the

Aorangi t\iine and lYangapeka sequences, r'rith the ej(cepiion

of Swarkots nalnes, jiie;riarirant-gg ltraciLlg (zone 1O) ano

The aonal distrib.lr,ion of species di sc'.lssed in pari f I of
thi s thesis l.s given in table IV.

Co::reln tio-n 's$[ t/ict.orie.

Nen Zealanrl zones ere correla ted rryith those of
Vicioria in f iS .19. Ti'Ie sirn iigraphic ranges of lie,i; Zerlarid

L'-e;y species (ti:ose doflnlng zone bounrlaries) nrc slisrvll tn
heavy, solid lines and Rre compared vri th the ranges of the

same species in victoria (heavy broxen lines). other
coffi0orl New Zealand forrns lvith restricted stratlgraphic ranges

are shot'rn in lighi, solid llnes, their range in Victoria
being indicated by light broi<en lines.

The oldest lfer'r ZeaLand zone, AdeloJ{raptus, is
correlated with the LaZ zone of Victoria. A{SlotTrauttrsr

Clonograotus r Tg tragtaptus 
-d e cip'lens. Dlc tlronema pulchellum

and D.rnacEilliv€a.vi all maice tholr first appearance in both

8reas. The subdivision of LaZ lnio u.'pper and low.sr _cnrts
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Ft3'lt' conrclatloD of Ncr Zcahnd trqptolttc soner rtth those of vl.ctonla, Aoatrarte.
Thc rangcl of llar tlrlUrd kcy rpaelo! lro shorn ln solld hcavX ltnesl and of Vtctorlan
lry spgclcst ln brokcn hta'y ltnca. oi,h.! lhor!-rugrng, connon spsctca *a shcrn ln
oolld ttght tlnes (lew Zctlrn4 rqnge) ryrd brokon ltght ltncs (Vtctortln rurfc).
Vlctontrn FjngeE fnqn lhoralr (t9SO).

NE.d ZEAI,AND ZONES

Nev Zealand range :

Dlctyoneoa pulchellurn
D. nacgl.l.llvrayl
Adelograptua antl.quus
l,oganograptua loganl
Pcaudobryograptur lnc ertuc
Tetragraptua approxJ.oatua
T. decl.plens (4-atlped)
T. frutlcocua (J-atlpea)
T. irutlcoaue (lr-attped)
Phyllograptua angustifollus
P. lllclfolLug
Dl.dprograptus pro tobif ldue
D. al.lntlls
D. v-deflexuc
Carrdlograptua uorsua
faograptua caduceus prlrnu1a
I. c. lunata
f. cr vlctorl,ae
I. c. narinodlvergons
Oncograptua upailon bl.angulatuc
Gloccograptus ? crudus
Paraglosro6raptu! etherldgal
Neoagraptua gracLlla
D1cellograptus cextana
Clinacograptua blcornla
C. caudatus
C. hactatue
Dlplograptus? decoratus
Glyptograptuo teretlusculus
G. auatrodentatus
Orthograptua truncatus paup€ratus

r'

I

I

I.t-

I

2
VICTORIAN ZOITES E fi

STAGES H
T

Vlctorlan rsngo :::: a
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lr,'t -r 7
\!C t LJ)

R:ro 'lho.;,:,;; il9i3) . Tl:,1 ''1:'s'','icus Victo:'ian zcne, La1 ,

c oti 1z:n-n!: JIiliSr ^,hl'cg riitoi 3s, ii: t,lrc:teri;l cannalirtlaium,

D. sci t:ri:i;l anrl 'l i;n;lc,lt'l; I -',';.r; {'i" ilfi s sus:,, is apparently kno,vn

.flrorn oliLrr a single Iocal-i t;r ne ar R.or;sey, in Victoria.

jq,rivalent fossils nnve noi Jrei been found in i'Ieiv zealand.

t- s correla ied lvi th Lai I -r,fl€ inco.ning cf' Te iragraptus

BllQIoxirna tus rnarl:ing ihe base ai'lri becorning abundant in both

Victoria enC irew Zealanrl .

are comrnon to both region.s.

o. acelinans and .{delograptus

The f irst appearance of 1e t"rnst'aotus_f rutic osus mark,s

base of the third Ne',''i Zeal-aird zone, m.frutieosus, and of

Tne i{eiv Zertlqno zone of 'gt'{3;rraotus aoi;loximatus

the

zone

are

3-

BeJ.

Be2.

the three-stiped forrn of

Creek, Northivest Nelson)

In New Zealand, T.ancFo:rir'natus overlaps ln range with

( at s7 /51 5 , Elllot

Bel in t/ictoria. The f our Victorian Bendigonian zones

defined b}r the renges cf T.an,'lroliriatus and T.fruttcosus

and 4-stiped forrns).

Bei+. T. frutieosLts (-l-stiped), absence of

l.fuuticosus (,+-"tiped) .

T.fruticc;-:us (;- and 4-stiped).
T.fruticosgs (+-stiped), absence of

T. aprlro>;inna tus.

Bel . T. f rqticosus (+-siiped) plus T. approximatus.

T. f ruticosur3

, anri the f ulI rsnge of T. frutlcosus ,
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It:r ;lendi;;oi:ion ;zoi']rs of Vicioriar.

:d zJne of ji:jy:-,.clr.r:,otus rlrci:obrr'idus is correlated
;7i?,i1 ihe ilro Cne\ivtoniuq zDni,-s (ctrt -2). Thorifls (r ggo tg)
siaied thai the base o: Ch1 istfCeier;;iined by the Lncoming

cf the deitgn-Jent DioJ,'inogusi)ti sucn ES )..pr.otobif irluStt. In
Ch1 T. f ru'uicoii'rE (-:-*tipeC) cccurs ryith D.orotobifi.Cus but

it is ttons of the thinnesi zones in Victoria, not exceeding

4o-5o feet". rn ihe f ollorving zone, chz, D,protobif idus

oeeoi'3es iliore aoundnnt ailo T.fraticosus has ciisappeared.

iso,graotus c=iuceus ?ori:nul-i a_3pears near the top of the zone

as in ifeii iettland.

subspeeies oi- rsoirrelt,*s qi..l .lc us are useful zonal

f orrns in both Victor:-a Bnd .l.jelv Zeaiand. In Victoria the
{huS

three Castlei;lainian zones ( Cat 4) , are definedl: Ca1 contains

ihe subspecies lunata. Ca2 ccntains victoriae,and Ca3 contalns
maxima and , irl i t s upper pa rt, r:raximotlvergens . The 'New

Zealano zone I .-c. lunatn r rlrnges f rorn the entry of lunata io
ihe entry of :ra,'rirnod irrerseng and 1s taus e,luivalent to Cal ,

CaZ, and the lolver pari of Ca3. The f . c. maxi:nodiverqens

zone is equivalent to the upper part of CaJ.

Tlre first appenrance of Cncor\*rn'otus defines the base

of the Yapeenian (zone fat ) and.of the seventh New Zealand

zone, Oneo.qrantus. Ya2 marks the entry of Cerdiograptus,

but the re lative ord'sr of nppearence of the trvo genera in

r 16

uivalent

r)

q

l'l

{)

4
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,',e:i iie+\lni i s not ,,:r:c',;: :::'. : :.-rr.r zi):;r) o:

gn:brcg3 ::.,) t.ot,Fri TE;i.7,,J a):.' :;*'in i.Jtieua.

corr'eLateg .';i t,h Yai iincl ? cf r* ictoi:iei.

Ti-re zone is ihus

;lpioCrrlptiris first ?!iec.r, anJ glossogreptids first

cgcciiri :b;i'Jani, ir: l',gt'; iealat:ri Zone B, P.etner:-igei, and in

the t/iciorian Iover' Dirrriril:-an zont:s, )1-2. Eareitlosso-

;-r. a.:ios I *i;n,: ri r.Jge i , Glo::.; rla-r'l: :li -ig--apan thug . Gl jrc t onrap tus

austroC.rltatas, toEeiher l'iih abunaani dichograptids

Loq:lrroc'la : *,.€, D1d.:;:iloiti:ant-rs, Tetra.lre.ctus in the New

Zealand zone sir.ongly s,;ppo:'t i-ts eorreiation',vith D1 . The

presence of GJI/ntoirritptu.s cL'. intersitus, ttP!,erogral:tustt

inceriul, r'rn:nlexograirius ccnf ertu.s, hotTeverr susgest the
..

D2 zone is also re.)re$ented. lhe ltelv Zealani zone differs

fron: the eq-;ivalent Victcrian beds it: the alrrios', iotal

absence of Isoaraptu.s r ai.rl in ihe comparative rariiy of

G1:rptogra-clus and ioriiinence of -Pare,El-cssogr"a-nt[8.

Drnlosrantus? deco:catus is confined to the lower

part of the zone of G.tereiiuscuiu.g in New Zealand and to

the DJ zone of Victoria. Iis essociated assemblage however,

i s d if f e re nt in the tvro regi ons . Tire strong dichograptid

element of the Vle iorian zcne, including Didynio,qraptus

nodosus, D. euspidatus, Atocofir"actus tvooCvlardi, Brachiof,raptus

etafornris, and Cqrdio,r"rairtus _crelrfordi, !s noi present ln
Nevr Zealand, its place bcing takel: atmost exclusively by

biserial f orrns Cr.t'otolrrar: tus scitaf'eri, Glossosraotus

hincksii, ClimacotTraotus brevis, GII,'ptoqrantus cf.

teretiusculus sieca tus rnrhich suggest a higher horl zon tn



11?

terms of the Victorian seqience. Part of tpe Dj zcne 1s
a

theref ore proba bly represented by poorly f ossi IiferoLrs beds

in the upper part of the P.etheridp:ei zone st Aorangi i,:ine.
-he upper beds of ihe G. tere_tiusculus zone ar,e rrrost richly
fossiliferous at Cobb \ralley arrd have been correlated rvith
the D4 zone (=na6f be rJ s of rho:'rra s and Ke ble 1 g j3 : 40 ) by

Harris (1%5 z329), Benson et al (lg\e :j13-a), anct sk.rar,ko

(t gSz zz17) .

The first Bppearance of the vrorldlvide zane fosstl,
l'iemasraptus rracil-is provides an iniportant l'rorizon for
correlation and occurs et the base of the Gisbornian stage
(;v- rr'aai'1 i s zone) in Victoria, ancl in the loweroart of the\ ai,iL.\/-LJ-4---.

li._E'rac11j.S zone of jievl Zealrrnd. l trror'c fifioc l,rigg]11y. J'urtlr:_rl

J-rrcornirr5; trtrrrlting the base of the zone ln both Victoria arrd

Ne'"r Zealand is the sudden influx of Di-oellograptus.

Represented initially by nralnly smatl f orms, such as l.
sextans and Q. sextans exilis, the genus is soon r.epresented

by nurnerous spectes. }tlost diplograptlds and glossograptids

of thp previous zone perslst in each reglon.

The alrnost complete absence of Llcfanograptus and

the Climaeosraptus bicornis group fronn lrleul Zealand prevents

close correlation wi th the Victorian upper Glsbornian (zorte

of ClinracoErq"ptus peltifeg and Diplo.rrsoius.- multidens) and

Ilastonian (Cll-[iacoFraptus beraf,iiranathl zone and j)icr:,noi:rapi-.

hians zone).

The lVevl 7.,ealand li. r'racil-is zone , r'{hlch here r.ltclul'ss
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t-rr-:, a. 1r: I,ttt-t.r.L/.air ,., ?geL.b"rl ,,, is i,,;rt,iltj.vely considefgcl to cOI.felat.O

:?itn all a: tne Gisbornian stage.

Tne ;rouRgeBt ]ie r; !'ealans zone, Ortho.qr-aptus r contalns

abund ant, Large orthograpilds sr'iggesting csrualatl on with the

iastoni.an stage. Cqt|irorlqa+tus of the calcarntus-group,

lliFesorqantgs tlrbglifer"qus, 0. ea adn tns, Lgpto;tqptue cf .

flaccidus and a sirigre speeirueR of Digrano;qraotuE lriqnq

strongly euggest tha.t the upper l'lastonian (DicrnnoErant,u-s

hiqr-rs, zaner\ 1" re.p'Eesented. Although @ has

not been found in th,e Nielv Zealand zone, climacpE{aptug
3

hasl?atug anri QfthoErrnptqs irgncFtug paurrerntu.s suggest that
the lower part of the Bolindian stage also may be represented.

The Or,tho;lraptug %ane is therefore consldered to aorrelate
with the lJastonia,n stage and provlslonally, with, the l.ower

Bolindian. The rennalnlng part of the Bolindlan stage is, not

represented by graptolltes i.n i{ew Zealand but rnalr be

reBre sented by srnall assemblages of corals and eonodonts from

lime stone ln the Takaka valley ( Coope r 1965, Wni.ght t gSgu) .
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5. :'.'^.: .' ;!.:..'\i,,-. -, t '-,,. } r.rf --)- ,'',, .;'l'r,O"lij

Gr,,,:.',oii;el !rov1i-; t,jre only praciicai;;reans of

suiloiv:iini ine Orcorric:an s.ystem in ooth Victoria and Nelv

ZaaLarid. -hs Vic i,oriari Craovici.qn t?stBges" are, 1n practice t

grou?i-r:gs of 6rapicli t,e zonss, bu.t becatrse they have proved

i c be lvi iellr applicacie , ani have survived al;nost unchanged

C:ring r;lorc than 3A years oi itltensive and deiailed use,

+lrorr c,i?r2 ncnsidered to ai Ieast e-oi)roxiniate to tirne-vLLvJ L.r v v

strati,.qraphic units. The recent dl scovery of conodonts in

the Nerv Zealano Oroovicien (ltfright 19,58) is important as it

rnay eventually lead to an in,jependent fleans of subdivislon

and c orreia ti on.

Al-r,hough sgveral t/lciorian zone boundaries cannot

be accurately placed in ine lfev Zeelsnd succession, there

i s good ove rall agreerilent . bet'r{een the two se queneos ( f ig .19)

The basal Victorian zone, $t,au{osraatus (iat ) and the

uppernaost zane, Diqellosraptus cf .go,nplanatus (Thomas 1950 3

13) are apparently not repr'esenied by identifiacle
graptolites in l{ew Zealand, but otherwise the sequence is

thought to be substantlally cornpleie. In particular all

Victorian stage boundaries can be reBd j-Iy located' ln the

New Zealsnd sequence except l.or the boundarles between the

three upper stnges: Gisbornian, Eastonian, and Bolindlan.

The New Zealand se quence i s ]east r,,ieII known in thl s region

and further workr perticuJ.arly detailed collecting in tho

'{f angapeka area , should irnprove the c orrelation of these

;

.i
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houndaries.

It is therefore proposeo to a,irpt ihe Victorian
ordovician stage nofienclature for the .'fe,...' Zealand :ie q.J.€nce,

as correlated in the previous cirapter. l,reas in vlnich ti:e
stages are best iinoivn and are riost fossilif'eroJs are LisreC

in table \rf f together rvi th suggested stage and zone rxspptng

synnbols. $tage symbols are prefixed l'rith t,")t, as vras useo

f or the OrCavieian ,sys tern in 'uhe 'rGeologtcal l,la_c of I're'rr

Zealand, 1z250r0OOfr (published by Dept. $c1. fndrstr. ftes.,
,fellington), in order to avoid repetitiorr of the alread;r

estabLisheC sy,nbols for other i{ew Zealanri stages fttnfuy
A

and ^riarivicic 1947; l;Iellman 1959). CorreLaticn of the

'Australasian stages rviili thoge of ihe sta:':dard tsritish
.'jrjr][r.tit;r,,Ls r'],iccr,tllilr;rJ j.n [.rir1.t fTr.)[.-l,fril; l,r-rr-;$ii.j.

frrr'crtrral subsysternic ditrl sion of the 0r:lo'li cian :.ltio
upi)ert. nidCle ar:d lover par.ts has been viiCely seoepted irr
\ricioria and irlen Zealand. "nhe Lovter Crdovician colTil)r,ises

i'he Lsncefieldiar:, Sendigonianr Chervtonrar:, Castie:ria.inisn

and Yapeenlan stages; i':idC le Crdovician conterins thre

ilarritrrrlinrr stage only, ar:d Upper Ordoviclarr cornl:rises

c'lsbornian, Eastonj-ar: ar:c Bolindinn siages (iab1e \,'rI).
Secftuce of thre r"ride d i'sparity betureen v$rlous uses of the

1'eI'nis Loner, il{icdIe, anc'l upper ordcvicisn, both betrieen

EuroFe and Aus'r,roiia, an'3 rvithin Surope itsel-f (.-laanussorr

1 95Ob) , i t is r'ec;ontnencled that the ierr:s Lre ilsed onlr ;rheri

qualified b'y reference io the al"ea in r',rhich ihey ei.ri:l;r.
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PART IIi PALEONTOLOGY

ftel e,ra 1,.

One hundred end tl:irteen graptolite taxa are

discussed ln this report. Detelled systefi€tic descrlptlons

are restricted ts t,Ou nlors inportent sonal specles and

subsp'ee les I the reffei-ning forrns are conipared with thelr
or"iginal- des,crlption's1 or wlth subsequent revised, deecrlptlons,
thelr nornerr.cletu:re beirrg cl-ar"lfied wi:ere necessary. The

stratlgrephle dlstributlon of iaxs 1n lielson 1s ln.disated,

and their overseas riistr.lbu.tion briefJ.y discussed.
ItAssoclatedft fsrme listecl ere those essocleted on the snme

bedding planes, not nereiy at the sailtg loealitSr. Collectisn
nurnbers are pr'eflxed acsordlng to the Lnsti tuti on ln vrhlch

they s,r'e hoosed, a explained in appendlx I. AII f orms

except for soven are figured.

Figured speclrrrens r'/e'r€ photo6raphed in alaohol by

the virtt,er using B Canonflex Ri{ 35rn reflex camesa,r fitted
wlth a Canon lOrnm Lens and bellovrs extension, Fon

photogrephS.ng verJr snrall speeintens, a teica 35mn lens wa's

used. ALI l,lne drawlngs w€re mede by bleactrlng enlarged

BhotographLc prlnts on vhich the lrnage had been sutLlned tn
indlan lnk. -
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Pres*."ri'.ric:-.

..-o3i -,el;cn i,r'5!1't,oliies fir"3 irr-egert'ed FS casts of

i'rar:ter:r?d rhg:itdoscn$s l-:,'ir.I on betldlr-g pIF.nes in blackr oF

detr..* blue-Ft.oX cArbOngceCus siate Or ar"gi1111;e. The

rsplacin6 niin,eral of tne cast l.s usually sllvery greyr whlt€ t

or l/ei.lsur ir.; coLour ano has e platy structure. $ma1I cubes

Of lr.On sulphide Cfifi 'ne rseen in fi f:ev,r specin€ns, and the

rusty eitpearrnce oi'ffiEnlr F;reptoli1;es suggests that lt may be

a eofitiilon constituent. i{owever, sp,eeiniens frorn locelity

82/552 on the Aoransi iiip* track eonslst of a relativel;r

thielr f l1nn of wirite povrC ety nfrterial '.'lhiah vlas scraped off

end an,alysed by X-rey Ciffrection and by lnfra-red s €ct,rometer

bV I,!r P.Broln, lri.Z.GeoLcgical Survey, Lovrer l{utt. 50-60,%

of, the fristerial ivas fou:id to 'oe q.sartz, about 3Oi4 llLlte ar,d

most pf ihe r.enlainder, ":1orite. 
Peirographtc ex,a.nrination

of thin roe}l sections containing graptolites'bJf Jyln Brown

conflri-iea the presence of qua rt,z in the replacing rrrnterlsl,
lua.tz cottte''t o[

but tl:e high tli€J# ** tne analysed sarnple is surpri sing and

ls p,Fobably partly due to fragnronts of siliceous rock mAtrlx

adhering to the {eplacing rnaterialr

Thickenlngs of the orlglnal graptolite perldermn

such as ln sp!.nes, lists, or at intelrthecal seBta, are

generally reBreeented in the cast by a tfiiokenlng of the

replacing rnaterial,, enabling more than iust the rhabdosome

outli.he to be seen.
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Tl:e tssccie 1;icn "- f la 'iten,eC flrspt,ol-ites end ble,ck

shnl-es i;; cc,:rjror.r tliraughcui ti:e rror1fl, the roer'.s belng known

as the "i;"Fpioitte faeies'n (3ulmar: 1955 :Vl 6). It ie

fienelally Issurneri by F;r'aipt,;iite taxononists, tilottgh s€Ldorn

steteC, t.i:ei the fiatter:ing !)rocess produces stan,Sard changes

in firabdosome dir-ensi ons I Elt€rb11ng detalled corcparlson

betiresn flat;tened s-DecinrrenE frsrn dif,ferent reglong. Althoagh

this Essurrlption has never oeen ob jeetively proved, constent

usage has shoi'ln it to be ;nost Frobably generally true.

Rhabdosoine dlniensions rnost liirelg to be affeeted bJr flattening
are stipe urirJth, stlpe civergence angIe, iD nrul,ti-bnanched

rhabdoscrnes whose sti.oes did rrot aLL lie in ons plane and,

possibly, theca'l 'rlidth, inclineiiisn e!c. Detalls of thecal

structure are generally obscured. Dimensions lIkeIy to
Uh-

be laffected ar,e thecal length, stlpe length; and thecal
A

spasing

Comparison of flattened and unflattened speetmens of
the sarne spqcies is more difficult. Pacl'-harn (lg6Z;i+99)

noted that the cross-seeticnal profile of Britlsh lower

Silurlan dfplograptids pre served ln relief was Itsuch that

assunilng sinple flattening of the periderm, the width of the

grapt,olite vrould be increa sed b5r about 3OYr. Speclme,ns '

thought t o 'oe of, the sanile f,ormr f roni d L ffenent looa titie s,

sonflrm thls agsu-'nptlon. tr

A few Nelson s?ecimens are Breserved in part relief
and axe found in two contrasting lithologies. The first is
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inediun b1r,re-gr'dy ct-p3ori,--"cilc.i-q ergi1-lite ot' !'orrnRti on A,

rnerftbs r ;1 F,l loca ii iy S?y/2L'A , in file t3, Creek , .i otrangt j,iLne

are6. The rrisbdo$cfilus cr sev€ra1 spseiii:ens of Gl.vtrtosgg;p1_gg

n,usir'-nd,qp.latu,s cf.zustT.oror.".nt r,?er€ repiaced by, and in-
f illed riitir, pyri-te 'b€fore appxeelaple cornpaction oicurred;
and are noff preserveci vrith about haLf ttreir oniginal rellef
(pl .17 rfigs+r5). iihabdosortte vridth does not appear to be

slgnificantly different fr'cra flatiened mennbers of the sanae

form at the same. localtiy, differing frorn paclcharnr s

'nentonaalo ose rvr t l on 
fa 

bove .

The second ll thology is grey-green r rron-carbonaceo11g

slltstone ln the up-cer par.t of l.'ornati on B, at locality
$J/526, in Patureu Rivs,r, Aorangi i,{ine atrea. Seve ral speeie s
8re repr€sented r rnost rha'adosomes being pr€served as thin
black carbonised ft lnns. .q few ar€ tn nearly their full
orj'ginal reliefy; and are in-fiI1ed uitlr siltstone matrix
(speclmen VG1 28, pf.15, fig.q). Unfortunately, the carbontsed
film v/aB found to,be too fragile to survLve solution of the
supp'ortlng roclc ma trix in hydrof'luoric acid. Seria1 grindlng
of sueh specinnens however, should be a useful means of
determining their lntennal structure. Although unflattenecl,
rhabdosomes have generally suffered sorne distortton durlng
compaetlon, and unfortunatety cannot be closel}r cornpaned wlth 

,

flattened speolmens ttre sane speel€s. :

I

I

1
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T'eton''C D'. s t. n-r t; r: l-..

!r.leozci': :'o.:sil-i at li;finy locaLitles in llorthvrest

rfels,on r-ri\,.J besn cl- stort e i by iectoc.i.c def orr:a tion ('nlellman

1962b). -"istorted fiFi.'ptol-iie,s at Cop'o Va3-]-ey were

rni siuenti:'iud in 1929 by Eenscn and Ke'o1e vrho f ailed to

recognise ihe disto:rtlon ( S:cilar.to 1962 t218-9) . GraptoJ-ltes

at a ferv lscerlities in t,l:e Aorangi l,ilne area (SZ./6IO) are

sllghtly distortecl; niost are not used 1n speciflc deseriBtlons

although the;r are general15' ldentifiable.

Tws kinds sf di stor.tion affect flattened graptoll tes

Lylng in the plane of bedding. The first lnnu'olves

dif'ferentia,.l dlstortlon, and is usually obvlous 1n bedding

planes containing rando;;15r oriented speciri€ns of one speeXes,

frorn the relative lengthening and shortening of speeirnens

lying ln di.ff erent directl en,s. A single multi.branched

rhabdosorre with stipes or.igina-i1y of eo_ual thleicness and

thecal spacing, sueh as' Ggnf ofiraptus th,"lreaui or Te trgqraptus

ouadribrachiatus, wl1l slrr:iierly indicnte any differentiel

distortion. Examples are found at loeality S2/630, Aorangi

lslne area, and in the Cobb beds ($xwarlco 1962 :flg.2I .

The sesond kind of disiortlon produces uniforrn

erpanslon or eontraetion in all ilirectlons ln the p1ane. of

bedding. fhis is dlff icult to detect qnlese great, but i.s
probably present ln some graptollte-b'earlng boulders ln Dam

Creek (s27591 ) .
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iyde ccn1:a irrir:;,-l i siorte,d Srepiolites are invarlably
cleaved. The relatiot:sh:p iieit;een slaty clerrvage, bedding

and di-stor'tion has beeri siird:.eC i-n \rietonian.grBBtolite-
bearl,t:g e,lates by lillls an mhoJ.i&,s (t 9o+4) . There uras

generally no dimensl onal chang,e in the plane of beddlng ln
a u-irectton E)aralle1 to the iine of intersection with cleava*€.
lVheretheang1eof1ntex.s€ciionbetweencleavageandbeddin.g<

was grea,ter tl:an about 25ar sFeelrnens sf graptolitee were

shont,e'ned in the direction nsrmal tc cleavage; where the
angle ura s le s s than zjo spe clmene rrere lengthened normal to
elesvage. The writerts observailons of dlstorted graptolltes
in cleaved rocles irr Northvrest l{e1eon are Gonslstent wlth
those of iiilIe ann Thonr=s.

Ql. a s st f l c a t, i. cn and Tp rni nq-lgf y.

The classification follorired here
'by Bulnan (lgSf), modifled by Jeanusson

b
( r 9Gl^) .

rn thl s report, the term 'tpopulationfr i s used as by

sylvester Eradley (tg>t : 89) , to inelude all f ossi.ls of
one species f ound within a singie tf bedrt, or other eonvenient
unit of etrata. The ter.m [snbspeciestr as used her.e em'brace!

two categorles. Ttre first is that known in earLler
BraBlolite publieations as ttvarietytt or nare.llr as rrrnutanttt.

ttVarletiesrrwere general].y given forrnal narnes and often
designated wtth t:rpe spseiiuens, and i''/ere apparently negarded

as of subspeclfic status (rn terna:s of ilie fnternatlonal Cocle

I s tha t prop osed
e

( 1 960{) and Bulman
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of ZoeloEicaI i,ic.':.';t-,,-ii,-;Lr.e ; .i.r:.:c1+ 1) t 19C.+ eJiilon). The

r:gcond ci'1-':;*ory' co:i,:rr'isea iniJ s:'psllecles of f so-irapt.gs

rirlli:,t'l'";j+l','ri:ich e"rc r9['F:'Jt':] RB p..r!'ulations iviihin En evol,ving

;:r'o"p enl i1r€ rll seussed ssls.rateiy, The problei-n sf relating

flraptollte sucspscj-es to blolcgical sui]species lias been

briefly cll scussed by Peckner, (lg6Z. 2523) and by Eulrnan

(r gSta t679) ,

Tlre g;rnonyniy li st's aeeoniilenying specific descniptions

esntain references to the original CescrlpiLon, to subsequent

re'vised or irrportant descriptions, and ts descrj.ptions of
nraterlal being placed in synonyniy er-ith the speeies for the

f irst tirce.

Ta:,:onornlg nangs l:1j'c preflxed lvith [cf . tr when the

fsrrn is i{notvn to'be distinct fronnr'out elosely rel,.ated to

an established taxon; nrrnics preflxed lvith f?s13. rr are less
closely related to an estsb1lshed taxon. Forrio urhose

affinities are not poslti'uely knovrn ovrlng to lneomplete or
poor prB servati on are listod with a querJ/. I'fhere generlc

reference ls uncertaln, the genus nafiie is followed by a guery,

and where generi c and speolfLc r.ef,etrence are both uneertgln,
the querJr ls placed bef ore the geRus nam€ r g . g. r ?Hellogrqntus

inutilns (maIt). :':
Most of the terrus trsed tn cleseription here are ln

general usage ; some re quire def i.ni. tion. Unless otherwise

statedn all refer to flattened speclmens.

I

a



apertural
inclination

thecal
inclination

a

stipe width

convex thecal'{ aperture

- concave-thecal wall

thecal overlap

wwrwlrl
,ffi,

habdosome width

1l
jl

IF--J
rhabdosome width

l=
lateral

rhabdosome widthf:Tl
hJ
|, tl

fl:1
+€
lateral

sti pe widt h

t-+l

Oh
Flg.2O. Ideallsed dlagrarns lllustratlng terms useil tn the

rJescrlptlon of flattened graptolttes. .grg,t r!, monoserlal

rhabdosome ( stlpe) seen ln proflle vlew (g,rgt ), and ventral

vlew (!). g - I, bteerlal, monopleural rhabdoBome aeen ln
ItblproflIe vlsw[ (c), anit ln "scalartform vler" (E). g, - t,
b1ser1al, dtpleural rhabilosome seen ln blproflle vter (g),

and scalarlform vlew ( g,) . g - br cxoes-sectlon of

unflattened monoplsural (g) and Clpleural (U) rhabdosornoBo
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lfeasured c'haracters of :T.Eciqrapt.tre caduoErle'

6 r, rlclth of sleultr at Fp,erture.
.

'stauta;, oe stlpe.fldtb. 'Br, pendant
. .:'. I

eleu1a. Soe text for dlseuegton.

of,

,81
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;i::,.:';iitL, !tl;-tr lir;fi-ieC, rsfers to ^.,he tdorso-

ventrnl t stif,e r;1i ih $f;or. ln profile viev, ineluding
nr,or-t,'i7.c'l r'1 nn*in'lcq ift r,etr l-'t:+- !l.rrrlrlrlinct e,r.ineq.JL,v* ,,s] s.* ir;tieles ii' ,,T.7 *t; excluding spines. "Lateral'rr
Etr,i pe \Tid-,ii i s (,'.,e6sured :E t';i'een the iateral siipe margins, as

2o
5,sen in rr orsal or I/-antr,al view. ( rig .rta, a t , b) . $irni1arl.]r,

ina'odo.gsr4,e r1:idth in biser'ial for.ri:s is rne,asured ln blproflle
2a

viei.in lateral :rhabilosc:utr il'idth in scal.ariforrn view (fig.fr,

c-f).
Thecel- _1nq_Li_qEjigg refers to the included angle

between the ventral thecai rnargin and the dorsal stipe margin,

a s seen i'n profile view. $.oe-rtuqal i,qef,inqti sn is rueasured

between ti:,e apertural margin and the dorsal stipe marg:in on

the di.stal s1de, Theq-Fl i'riqi,tF, siqula,r v;idth etc. r are as

seen ln profile vle't'1. Qln=ryFrv€ or cog-ve4 ventral thecal

narqihs refer to the outer surface of the ventral thecal

rnargin aB seen in prcfiie vievr; concave or eony.rl, apettura]-

,nrerslns simiJ.arly refer to the outer surf,ace of the,apertural"
2o

mangin (fte .j6a, a' ) .

In the Nelson lsograpti:os the sic'.r1a cannot be

definitely distihgulshed from the ilrst ttreea ( tnf 1 ) but

beeause of thelr c].osely sirni-lar shap,s and size ( see gene,rio

dlagnosis of l,gosqaptug) *uasurefilents of eLther one can be

regarded, for the purposes of this discusslonr as those of

the sieula. L,gneth of ths sicula is measured frorn lts apex

to the t1p sf lte dentiele; the width at the aperture ls
measured f rorn the ventraL sl cnla wall to the ventral waIl of

the adJaeent theca (thr 2, fig .fr). I

:

l

;f
I-J
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Tng nu;jr,r.c+,c,i' n-;r-. jji::..l. i,rlc e!,?, itss prOved tO be A

aseful and easiJ"y deter'.i::reo char-.F.cier irr the descriptton

of X{elson topul-ations of i. cril+ceqg, and gives an indieatlon
of the degree oi inelinati cn of ^Erox 

j-rT;al thecae. the

rhabdosonte is orl,ented so that the raldliRe thet lvhlch

passes througli the apsx of ihe s,lcula and centraLly' betwe.en

the free ventral;;rargins of the sl"cule and f,lrst theca - is
vartical. pencant thecae are those rhsse eBertural n""gio.
lie v;holly t below t the level s'i ulre dorsal thecal wall

2t(rnterthecal septen), as illustrated in flg.ii6. The number

of pe'ndant thecae probably doels riei change signif,tcantly
d uring f in itening of the rhabdos ofite .

l',lodal values of 'rn'eaeured eharaeter.s are glven i.n
sJnstematic deseription, tire range of rralues being indlcated
in brackets.

A list of the taxa described or dlscussed is given

in table rv, those f orms aseDrnpanied bJr an astorisk (o ) belng

rsconded for the fi.rst tirne in New Zealand.
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j ii' li

=-; : ,, -:-'.- -' l' - l,l;r-roigc:l , 1372

)-il, .l:lf,il .. '. .j- I j',:

li':t.1,':*-,i:':..:.'-. HaiIr '1 351 .

$.{a11, 1899

j.n lrech, 1897 .it,,t . I lif

'' I ', :' .-'a -'\-'r t: -- 4,Jl 
' 

..-r,.-. s gr: -11-': ,1.-

., .i.1cli = 1l:. .i in ; S!:',:/a rl.-c

22"
trlg ./;

r AcC.>t\JJJ4

195a

4 o .

D :r c -" .'rr ,_t r! :i ; l ,t1 ,^, 1 a -,'.-, ; -l I 1r- r:1 q .'{ e 'l Ii/.^.-va.rr LJ_J_.. & a'Jair!.+&

fiC;.1,.r)j1rr:,1ti

t:

;17 4, pl. 1 B, figs 28-30 ,

-^-r .l €i.r tr,rJ+r I t lf i.)t

.1C?--3rfig.1.

F1g .22. T. S . Hall .

Dletal fragment of large rhabdosomot

r 1. GR1O1, localltY 32/53\, AoranSl

Mlne area, Adelograptus zone. Speclmen

flgurect by Skwanko 1960, tlg.1 .

R,ema rl(s . 'la1L 
f s descrj-rticn 'dYas based on relaiively

|nii:ature speci-irrens contair:ecl in a sin3le s'l eb frorn Lancefield.

iriature e CoffrpLo'ue S,oeciinen; ::avr: not yei oeen described t

though nthoiirRs ( t g6O ) t'igar.si a reiai i''.rely mat.:.re f orrn.

Distal fragr"r:ents cf ,,viia-t ivas s:il)ereiltly a Iarge rhabclosome
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-:._,:.,,r_-.'t,_,__,_o,:._.].i._i_a,:. ':.,',)',)'.,:.,:t,+. J,r):;_:_-i.;..; .-^,,1,

,t',:,,-_.t-.,Y iLL!a.l'l_: _ __r __j.,. ' .iJ_;i.tin, i 95O

,ir l, - '_l-]Li-__ --.'i:',' ti r, ,

t)l.1 , !'Lg.J.

.Reinarks. AIt1g.o,'l.Iip.'.[g-]-ii;lr ['or:,.,i ivitir rifsyrili;,gir'ice.]

proxirnal r"lj,ons 1n wiricir thr: sicrrla Lies near the jur:cilon

oi two of i,it'J iltr.cc ;;:ain c1;iiesr 3.p,.; ii:;tt;ri BS Aniso.qr.nutrrii?

sp. The proxirnal region is poorly preserved in all spdci;iier,rr

and the oriEin of the priit:rry st;ir:es carrnot b,3 deter,,:j-i. _."

Tlie !:eIld$ is ihori;forr; nilt ye.t rjui'ir,itul.l'rit-toJin :.,. i,rl,,T

ZeaIand.

Iior:!zoJo erid_]=qcnf i',,:its. I Zi' j?_7, 6li, ,,,,+1 i ST/516.

AssociaieC for'rtis, ,lirlt-'l-gajr",oLrirl'f_ndf cr,lLll, Cl-cno;):r.riU[u,,, ;-'-'-

regglsfis. Zones 1 nnd j.
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&r.Itggelj}ft,Lls 1s aoDnrentl.y nbsent fnorl Victorian b'ut

ls lcnourn f rorn, the Tremn doc i nn of North and South America and

of Northwest Eeropo r .

GENUS Ad.glo^qrr otr4g Bu'Lman , 1941

Adelo.qrFpt:gg? aqllEgrp (T.sl.HaLl 18 9)

Figs 24a-1 i *81.1 , figs 3 rh,

1 B99a L,qptg{tan=!gg:gl_!!1ggg T. S,IlalL t166*7, pI .17, figs .5, 6.

tl 8994 Did.,r4o_gr4Btus3gltglrgqg! T, S.-{s11 2167, Fl .17, f lgs T ,

9, pI.1,9tfigs Br1O.

1935 Br;'nosrgpt+g (e) antiouq,slBenson and l(eble 2256-7.

? 1g35 Erqosrraptuq ( t ) qnti,qqus var. 1nu.si. tatug Beneon and

KebLe z26l-9, pI.50rf:[gs 17r18.

?1 9f 8b D"pgltehat4!;Harrls and l0homas r pl.1 , fig .13.

1941 Ade-lqqraplqe (t ) antio,qu,T;Bulnran t115.

?196,0 Drpgltqliar{l-; Thornas n pI,1 1flg.14.
?1965a ; Berry :429*5o, p1.45rftg.1; p1.l+6rfig.1;

pI.47rfigs 112.

I

Typs matg+tqL. I1all r:id not norntnate a t,yBe speolrnen ln hls

orlglna3- deserip ti on of &.. a+tlgg,.!q. He f lguned onl.y ons

Bpeclmen frorn'Lancefleld (natr 1S991 pl.17rflgs 5r6) ttlouen
4
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he unrJorbtediy based .iris :c:;cripriorr on Bevernl specirnens.

It is not thouqht advisnble to noririnate a lect,otype or
propose B sLrecifie dinL{nosis rntil Ha1lrs originnl specimens

have been re-exarnined anrJ ref igured.

originar description. "I--olypary o.f extreme tenuity. T5e

two branches dlverging at a boui 1 BOo f'ro,l the sicula, arrd

slightly curvi.ng wi th ihe ihecae on the concave side; these
prirnary brancires at times glve off a secondar;,r branch.

Breadth of branches 0.1rnn. Thecne 7ln 1Orr^rn, not ln contact
wi th one another i apertural rnargin s traight or" r .when

compreased in a differeni rnanl'ler, sliS;htly concave; incurved
to the axi s at an angle oi' 90o; outer rnargin srigirtly
coneave and inclineC at an an.qie rrf JOo. Breadth from tiu
of theca to back of branch alrout O. hni,n, rl

Description of-rye1son rnttr:ria1. The rhabdosome comprises

two slender stipes each several centimetree long, gently
curved, conc

relatively slender being 0.2-O.Jnrin wide at the aperture. It
bears a short f ine nerxa, i s usual:l.y srightry curved , and is
generally inclined at an angle to the axis of symrnetry of
the rhabdosome r the apex always brslng directed toward s the

stlpe developed from th11 . Lengl,h of the sicula rangss

from O.9 to l.lrnrn' speeintens rvith shorter slculae tending

to havo horizontar rather than decllned stlpes.
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Flg.24. Adelogreptge? antlquue (t. S.HalI). g,r9. Proxlrna1

portlon (g), and complete rhabdosome (g), Ztg6.2. !, VGzh.

9r proxlmal portton, VO15. 9r proxlmal portlon, Ve2O.

!, slcula and partly formed theca 11 , vol ir. g.r ir*6., .

Er VG15. !, dlagram lllustratlng probable arrangement of
the slcula (e), flrst theca (fl) and second theca (12).

Flge Brcrgr and h, r lO; brdre, and f) r 5.

Speclmens of f 1ge srd, and gt from locallty 82/61+1 ;

brerf, from locallty S2/527; and crhl from locallty 32/526.

Aorangl liilne a rea r Adelograptus zone.
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The stlpcs ,jiv€r';... st anglt;s rBnrjing from 17Oo in

s.Decimens rvi'r,h thorLzontalt or ertensifo.rrrr stipes to 115U^ in
rieclined f'orrns. A stipe lrirlth of O.3 0.6rn"n is reached ol

the first or st:cond tirecal i:air no furt,her lvidening of

the stir'les being seen in ihe rneasured spscimens. Hoivever,

isolated stipe fragrnents up to 1ri^rin vrtde, probably belonging

,to the specles, suggest riistsl widening of the stipes.

Longest measured stipeG are 15mr,, thouglr maximum length is

1ikely to have been several centinetres.
o'05

Thecae are long (cu 1.5 Z.jmm), and only about ffrrnrn

wide f or the proximal three-f if ths of thelr length, exllanding

rapidly neer their apertures where their dorso-ventral widih

reaches O.J O.!!rnrtt. Dorsal vralls are otralght, ventreri

walIs Bre shnrply concave near the aperture, where they are

s ome times extended into a t lip I lvi th the Bpertural ma rgin.
Thecal overlap of at least one half can be seen in one

specimen (fig.24g) . Apertural margins are straight or

slightly concave , incltned 70 9Oo to the stlpe axis.

Thecal silacing rneasured in the proxlrnal part of the stlpes

varies f rorn 3.5 to 5 .O in 5mm (l 10 in 1 Omm) . Spactng

in detached distal stipe fragnrents ranges frorn I - 1O ln 1Ornm.

In a few speclnens thecal spaclng tends to be slightly
lrregular, though the average ltes withtn the above range.

No deflnite blthecae have been observed.
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litruei;urc_of l,:te; nr_t): i';:.: I r,,,::j'f:!. f n i.,ii::ir ,jrlSCrlptlOn Of

the species from Llout,t.;es;t ,*.,tn,.1g, ,,e,'; /,eaitrnrJ, L*cnson and

iieble (lg:S:267) *"'ier i,o tvro short irritial thecae,snich
contrast strongly vri th t,he longer subse,luently f orined ,tnecBe ,

nnd to the pre sence of a short sicula, un'ier l nrn long.
Although f lattened, several lielson speei:nens are sufficiently
well preserved to shol sorne details of tire proxirnal reglon
to which the writerts attenLion tras first ,Jrawn by Dr D.

Skevington. The following lnterpre tation 1s based malnly

on spo cimens vG13, vGl 4, vG1 5 and vc2o ( rie .24) .

The sicula apparently groivs to altproximately lts
full length before grovtth of th1 1 is complete. The first
formed theca origina tes f ron: t,he upper part of the slcula ,

6rows downwards alongside lt to a point midway betiveen the

apex anrJ apert ure , then bend s sharply away, giving off thl 2

at the polnt of flexure. Tnl 2 groivs dorvn and across the

sicula and glves rise to stipe2, theca 21 arises imrnedlately
below the point of flexure on th11 and gives rise to stipel.
The apertural portion of the slcula protrudes a li ttle belorv

the ventral margin of theca 12. The nature of developrnent,

whether right- or lef t-hanoed, is rncerta j-n. ilxcept for
the spparent lack of bithecae, development is slmllar to

that of Adeloerap-tusllglgeqi Sp jeldnaos (lg|l) .

The two short initial thecao of Benson and Keble

correspond to tho apertural portlons only of the etcula and
1thl r; all thecae are thus of approximately the same longth.
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Di.sgusslgl]. Considerable rnorphologicnl Vr:riation i s shoi,rn

by ihe iiel.son inateri al ,,';hich is thou;hi .to represent, a sin;le
nidely variable spesies. ;,eRSr.rernents oi tire niain ver.iabie

charaeters in 13 speci:nr,'ns are listed in tnble ]IIf I. Aiiorrg

the r;ieasured s!)eciniens Bre sorne (ZfC6.2) i';hich llrtriristnliably

correspond to i{a11 t s f igrres an,l rlescript,ions of f,. Rn't irtgus,

C iff'ering only in having B raiher t,han 7 thecae in 1Oi'nrn. Oiher

si;eci.:,ens (zf g5.1 , in the sRr'ire slnb) r* sernble HaLl t s and

13erryt s iJessrio-uions of DidJlrnoi'rR rtt"rs -trrit,cirqrdi Iia11,

althougli none attlins fuIl stipe ivi.Jth of c.B o.9run

o-rroted by Eerryr .

Dirrensions cf A.antinu.tB given oy l{e11 (tAgga) niirl by

Senson nDtl i(eble (l9ls) , nn'rl of l). ?Iitc;iie Idi fiiven 'Dr ;1r,1l

( t ggga ) and by tserry (t Se e *1 in his redescription of lia1l rs

type rttaterial, ere Eumrnarised in table IX for comparison

lvith those of the ]relson materlal .

Second-order branehing, BLthough rare and noi seen iir
the Nelson specinens, is rvelL established in both pritehard!
a nd aqt i quus ( tiatf I 899a, Ben s on and i(e ble 1 935, B€ rry 1955" ) .

i{a1l stated rrthe slrdcies is easily distlngul shed f rorn

Did:Irnof,rai:tus rlritchardi with rvi:leh it ls associated and wlih
i'rhich it ls perhaps liablu to be confused, by its more slender

habitr and by the much rnore distant thecne rvhich tlo not over-

laprr. Benson and Keble have si-nce recogr:iseC theeal overiap

in A? _aniiouus and ihecel. spacing ls here shor','n to be

variable. tln.for'tunately, Berry did not corn,Tteitt on the
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relqtionship bei,,'/e.jn t,he i,','o t'or.i,n ir. h:.s re-e;<r.rn1nr:tion

of D.oritener,Ji (tg55a:q29-jO).,Tith its'riide mor';rhologic

variation, the iielscn species is thoul;irt to Cefirritely

inclurie A? antieuus anrj to 1)orisibly also inclede D.ori tcher{1.

Benson and iieble distinguisired a vnriety of

A? antiquus r vBr. inusLlatuq. .F rom thelr description, it

i s vi rtually irlentical uri th tne original species, bui if the

scale given for tlreir lllustrations (pl.JO,figs 17118) 1s
a

correct, their f igured specirnens differ from their deeerlptionr

mainly in having much wider thecal spacing. Unfortunately

the type specimens ( nenson catalogue 458 (f, 5) ) cannot be

iraced and synonylny of the fonn rernains ln doubt. Ruedemannts

Itlorth Arnerican species Bryorraptus Laulorthi is similar to

A?. antiquus, dlffering chiefly in the shape of i ts thecas.

L. antiouus was tentatively referred to BryoAraptus

by Benson and Keble (lSlS) and to Adelograp'.,lr.s by Bulman

(tglt), Bu1man listlng the forrn as ?Adelograptus anttquus.

The Nelson material differs from Iiinnegraptue Skoglund r 1n

not bearing long thecal and apertural proeesses, and frorn

Did..vrnograptus ilicCoy in having potentlal for second-order

branching. It is here tentatlvely retainod within

Adelograptus.

IlorLZog and lqcalj-tiqs. About 30

examined; most are fragmentary or

Localltles s2/522, 525 , 526, 534,

spectrnens have been

poorly preserved.

59o, 5\1. The specles
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z)ne 1 r'n,J ie ss ciri't:cn in zcne 2.

frorit i,'j.ot.diBltl t 'D]/ .jcn{io11

in the Lancefielrjlnn (i,nZ)

I i hns

rrrrrJ iieble (lgiS),

cf Vic torla,

1 Bgga

?19gga

1915b

1 935

Adeloe:raptus elar,kj. (T.s,HaI1 , 1899)

Pl .1rflg.1.

Bryof,rao',,us clar-k! T. S.liali z1 55-5, p!.17, figs j r4.
ilr.tro;rraptus victoriee "n. s. Hir11 z1 o5rpl. 1 /, f,igs 1 rz.
Br.'rogractus sp.; T.S.iia1l :r+1 O-1 lrpl.Brflgs 5r6.
Bryo.qraptus hunnebertrenqis; Benson and Kebre (_-

B..pauxi11us inorl. nud. B€;nson srnd Keble, in Benson

1933 24O3) 2269-70, pt.JOrfigs 1-11, 14? 15?

1966a Adelosraptus elarKi; Berry t419-2jt pl.44rfigs Zr4.

fgjlerEg. The type speclrnens 01' E-q:l.gqki descrlbed by llall
and by Berry are relatively irnrnatur'o, branching having reached
the third-order only. Larger srDec lrnens f rom Nelson have

fourth- and fifth-order stlpes and resemble the $outhwest
otago specimens f igured as Btyorqrnplus sp. by T. s. HaLl in 1 91 4.

A. clarEl was synonymised rvit;h A. rrict,oriae by Bulman
?,

( t g+t z11J) , but Berry UgAi :l2O) 
"u-exemined the type

materlal of both forrns and concluded that A.cl.arki eould be

distingulshed by the presence of lateral r rBther than

dichotomous, second-order divisioDr and by lts less Ceclined
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rhabdosome form, The nqt,ur() o;fl rrt,lpe dtvtsion 1s itlffrcult
to determi.ne ln flaf,tene,d ffie tertnl , srrch Bs that of No1son

and Vlctorla, and censlcierrrLriE vrrrter!ion ilr r.hahrlosorne form

ls shown by NeLgon specimens. A fuIl deser,lptflon of the

rsnge of va ria ti orr of each f orrn t s ttrus needed to resolve
the questlon of thelr synonyroy.

Horlzon an$, lggali t{. A E1?+84 is a corrunon fsrrn ln zane 1 ,

to wlrlch it is conf ined. localltJi' gL/be7. Assoqiated

f o rryns , Aq elqFjtr?p tug spp .

A cl,arki was listed frorn Pnoservstlon Inlet by

Benson and Kebte (1%5 1268) and ranges through the Lalr LaJ

aones of the LancefleLdian etage of vietorra.

Adelograptus aff. $.puq1trlus (nuedernannrl 9:Or+)

Pl-, 2 rf ig.g .

af f . 1 9Ol+ Br,vognept,uq pus lLlus Ruedemann I 6li1 -Z ,pl. 4, f,1g:s

21 e22.

aff . 1947 Br.vog=€q:ptus pusl-llug; Ruedemann #99, pl.tl9rflgs
3rl+ (not flgs 516).

Rgmark,s. The Nelson form has a sirnilar branshlng hablt to
that of A"puslllus, but the lnterval between Busceesive
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dtchotornles 1s alipu'"*,ntly ooniilcle r:nbly lon5ier. ancl the nun'rber'

of dlchotomles grenter, being nt ieRsi. 5 rntF:er than 3 a6 ln
Ruedenrann I s specimen. The iiolotype of A .nqs!] lgg was

lI]-ustrated by Ruedenrsnn (t 9Or+ :pl.qrfies 21 ,22) , the f,lgures

, belng reproduced i.n Ruederaann (t gl+7 :p1.Lt9rf lge 3 rd; the

scale glven fsn the eerller figures was apparently

mistakenly changed in the later work.

The speeintens f igured b;r Ruedemann, t'rorn, the G1enogle

shale ( I g+Z : p1.49, figs 5 ,6) 
" 
* EercfJ:e-E-tge--ppql,llqg, belong 

,

to the genus Ptero-rn:iaptuo ( see Ltu 1957 t422j . Bryor{reptue

nrrElllge wda ref€xrrad tci A'delosraptue Bulman, by Bulman (f9!t)l 
'Y

Uu (tgSfl :422) gobsequently suggestedl that the epecX.es belopgs

ln PEeudobryosr€p-4S Mu. The N€l"6on form, flLth r0oro than

5 ord€rs of plohotomyr ia oxcludlerl f,rorr Pselrd obryosraptuF,

6nd ls theref ore h€re refamedl to AdeLssr.aptus. '

. HoriEon 6nd loca].itie,s. S2/564, 579, 624, ZonEs 4 - 5.
A.puslllus 18 kno$rD fron the sone of Tetraalaltug

6,
frutlqosue of faxas (Berry t95q) ana ilte Doepklll thale of
New York (Ruedeuann tgol+).
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GiIliUS Clono.rrraplus linil- and iricholscrf,i, 1873

Clonoq'replus- af f . Esglegie (tornqui- st , 1 9O4 )

Pl.1 ,fiE.5.

aff .19O4 Diehoflraptus regularls Tornqulst z2O rpl. 2rf Lg. 19.

cf. 1904 Dlchogreptldae gen.et sp.lndet; Torngulstr B1.2t

fig.22.
aff .7937 Herrruanlggraptu , regul s i }lioneen 2192, p1-.1i*,

figs 5r8r9,.

Rennarkg. The Nelson Epecinien differs f.rom PichogFqqtus

regul-a]lis as deseribed b}r Tornquiet ancl by iirionsen, iri having

longen second-order stlpes and ,in having f ourth-order stLpe,s.

The speclrnen figured bI' Tornguist as rtundetermined irregul-a,r

DLehograptldaeff (B1 .2rf,Lg.22) dlf,fers from the NeIson fornt

ontr Ir j"n havlng slj"ghtlJr thtnne,r stlpes.

Bulman (t 955 zv33) synonymlsed Heryrn?:nnoqrEpltls

Monsen wlth Ctonogggptgg Hall and Nlehslson.

Hortzon and locel,l ty. One speelnrerl r f rom locali ty S2/641 .

Assoctated formsr Adeloqraptus? sntl.quusr Anl.gpglaptu.s? sF.

Zone 1 .

C. resqlanl g i-s f ound ln the zone of Ptr d.vmo&t'aptus

baltlous of Scandlnavla,
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filq.porreptil, sp. ef. C,.iLi.,r-jgi (3enson anC iieb'1e, 1935)

cf .1935 ClQnogr"aptqs .teqel.lus; Denson and Keble z2Tl rFI .32,

f i9.4.
cf .1 935 Clonorrrqotqs_telelluq 

"rart. 
klng! Bens-on and Keb.le !

271'2, PI . 32 ,f igs 3 ,5 .

Remarks. Ne].gon spectrnens have rnore sLender stlpes than

those of Benson end Keble. The fo,rms descrlbed b3r Be-nson snd

Keble as C. teneJ.lus, and as C. tenellus var.hllg! are regarded

to,gethen as a distinet specles by Bulrrran end Cooper ( io press) .

a

Ho_ELzon end localtW . S2/62A. Zone 3. Benson and Keb1e I g

materia1 eame from beds sorrelated with LaZ, and Be1 , at

Capc Pnovldenee ancl Prese rvatlon Inle t.

QRD4E GRAPT0LOIDEA Lapworth' 1875

FAIlItY DJQ,IIOIGRAPTIDAE tapworth , 1873

GENUS Gonlogreptus McCoIf , 1876

gontoq,rairtuq m qgf T.S.I{a1"1, 1899

Fl.Jrfig.J.

1899b Gonl oFraptus macgr T. S.IIall :4tt9-50 , f igs 9, 1 0.



FeRerE. The Nel.son specirirens have slightly wi.der funicle,s

( mm) thnn that clescribed by iIa]-t ( em*) but closdly resernbLe

forms insluded bJr lia:rris and thomas (1%9) fn G.-aaeer'.

Horizsn a,!jl loca-l.l.tl,es. s2/552, 6lt , 63A. Associated fornrs,

Te trn nrantug aff, .S_r,fg,.Jsq.srap t u;s

Zsne 5.

caduceus maxiniodivergert$ r

G.r48e€'F was descrlbed from Preservatlon Inlet by

Renson and i(eb1e (lglS 2272, ptr. Jo, f ig . j5; pl .32, f igs 5 17) .

It ranges throughsut the Bend,igonian, and ?Chewtonian sts:ges

of Victoria (momas 1960 :16), constderably earller than its
flrst appesrance l"n lVelson.

1939

1 91i+

1 l+4

toniorrnp,tqs ir,r"cer; l'fnrris qnC Thonrrs t55rflgs i4B-b.

gonloeraptuq sBe.c.losus, T. S. Hall., 1 914

PI.Jrfig.1"

t.

GoqiograBtus specl,osgq T. S. HalL :1 'l0-1 , pI. 1 B I text-f 1g, 1 .

Remsrkg. The stng1e Nelson speei-men closely resenbles

HaLl r s clesoriptlon and flgure (p1.18) . Thecae tn the Ne1son

folm are Lees rnarkedly dentlculate than those shovrn by Hall I s

text-ftg.''l , a dlfference noted ln other speclmens frorn the
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fronr the zorl€ ,of 11,]l,riugi;:'lnt,us rt'oiqhif i c]ug, of Texas ( eerry
1g6}at49) t ancl from n Li*ilar hor.i zon s t l{er,, york ( nerry

19:52alA3r Be itG. thureeui post,rgr.n,u,stt ) . It i.s thue nes trlcied
to young'er beds tn lielson thnn those else'llhere.

GENU'S Loriqnogfgp-lgg f;aL1, 1 858

Loqgnosrentus Jpsag! (J.Ha1l, iS5B)

Pl.2rflgs 1r2.

1 858 Graotolithsp Losanl J. Ha11 :11J.
1942 Losanos,raptue logant; iilles and ,trood 181-2rpl.2rflgs

1 a-g.
' 1947 ,I,,qganosrautus I,ogani ; Ruedemsnn z286-7rSI. h5 , f 1ge

11-1Ji Bl.hSrftgs 7 r2,

4emer:,Ics. Nel-son specln,ens eorrespond well to the descrlptlon:e
by Ruedernann and El.Le s and Wood " There i s c Lee rly I ome

variatlon in stlpe width, length n and partlcularlSp, lil the
" nwnber of ettpes ln the specles. ftTost Ne1aon sBec,funens

have fewer than 16 matn etlpes.

Honlzon and lggalltlee . g?/552 r582. Assoclated forrns,
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lgo$r.r' CItus cqducsqs nin>:ir,c{i]rert{els r Te i, rq_*:rnr1:us afi'.
chapmFlpi, L.l.o.t'anl cf.E'eItenaiE. Zones 6 uoq 8.

I,.1orra41 le knorrn ifl the tsendigonlan (get ),
Castlerrratnian (Ca3;, and Darriurillan (Dj) stages of Vlctorlan
having a long but sporedlc range.

The sBecies ls knourn from the Ll.yptogreD tqs dentat,rr$

z one of New York ( Rueo smann 1947) r f rorn the same zone at

Levle, Quebee (Raynrond 1914), and frorn the Arenigian of
BrL ta Ln (gf le s and Wood 1 902 ) .

Lqpfra?oErap,tgs lqsF$!- ssp. cf .L.,loganl pertenuls,

Ruedemann, 1 904.

Pl.2,flg.6.

cf .'l 904 LoFnnogratt*t t 'eanl mut. perleluis Ruedernan,n (pars ) :

631-35, pl. 9, f i 8.5 .

ef .'l g47 Tr.losFni mut.pert,e,nulg; Ruedemann t2:87, pl .45rflg,
1l+ (not figs 1511 6).

{ 95o L. loEanl rnut.pe rtenuis ; Be rry :50 rpl . 12 ,f Lg.J .

Remankg. Ruedemann (t gO+ f pI.9rfig.5 ) referucd to a €peclmen

resembllng {r.1osani but with more slender stlpee (approxinmtellr

O.6nm wide) as rf mu!.pertqnulgfr, appar.ently regardlng lt as

of lnfnaeubepeelflc ranlc. Ruedernann I s Bpeclmen 1s less

. regularlli' branched than thsse of Nelson or of Toxa's (Berry
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' . 1 96Oa:pl. 72 rflg.5),

[{qri.,zon end 1oc_a1it1es r ,$z/j|z,592. assoclated f orrns,

T sggrnptus lratta ta , I . ce-q ircq,rr$ maxlrnsd tverflene . Zoneg G and

g.

The subspecies 1s ltnown frorR the zone of Paraglossg-

grEptus ether10;qei of Te,xas, and from the zone of Glvptpergntus
dontatus of New Yonk.

GENUS P se ud o E r_vo,s rsp tus, Mu , 1 g5T .

Fgeuds'nr;vo'qraqtus iRqertus (Harrl s and Tho;mas r

1gf4) .

PI. 2, f tg. 8.

1955 Ft,-ero#rgpt'qs iqcerturs Harule a,nd Thomas 2289, fig.1 ,
nos. 1l ,1a; tLg.2, nos. 1-5.

BjemFrks. Nelson specimens rnatch llaruls and Thomae I s

descriptlon but include rhabdosomes witb longer terrni.nal,

stlpee than those figured by Harrls an,d Thornae. The specles

eloeely' resembles Bseudobrrroqraptus r:arsllelus &lu ( see beLow) .



1l+9

exeludes forins rVftfr third-crier st.ires, such &s E.tnqq,qtug;

the sp€:cies wns threrefo,re referred by liu (tgfZ) to hle nevl

genus Eseud sbryogrFptus,

ilorlzon and Looali-tlt. S2/582. Zone 8.

P. incertgli ie known froru the Darriwllia,n (nZ-i) of

Vtetorla and from the aons of P.etheridgel o;f fexas (eerry

1 950).

Pseudobryosrggjug_ilqrellel=us Mur 1957 .

P,L. 2, fig. 4.

1957 Fseqdogryoeraptus parallelpF Mu zl+22, Pl.5rfLgs 819;

text=f tg. 8.

EemarFS,. ISeIsen sp€aimene conf orrn closely to i"iu I e speeif 1c

descrS.ptlon. Irfu dlstlnguished the speeles f,rom P.lncertus

(Harris and Thomae) by lts thlnner stipes and longer thecae,

but the tws forms are found ln the sarne bedB at Neleon

together wlth fragments of forrns npparentLy lntermedlate

between the two. A more oomplete description of populatlons

contalni.ng the two formg ts needed to detorrntne theLr

rela tX onshlp .
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tiorizon,endlocaJir,,y. SZ/IEZ. Zanu g.

P ' pa r?lle lqq- Yrf ns riesc rlbed frorn the Nlngkuo share
(o.htrundo zone), ,illesliern cheriang, china (i,!u, 1g5T).

GENUS Pter'gEt antus Holm, l ggl ,

Pteloeraptrgs? sp. nov 1

p1.1 3 rfLE. 10.A.

Remarks. A few speeimens of a peculiar asyrnmetrical pendant
dlchograptldF have been iound ln zone g, nesembllng a

PtegoFrqD,tqs, in which lateral otipes are given off fronl only
ons of, the two prirnar;r sttpes, the other remainirrg unbranshed.

. sz/5j9, 6ll. Associated forms,
cn.vntsgxjzglus schafe+1, gr.qssos,r.a@L DJ-ql,oqraotust
deeoratusr Ql . zoRe g.

GENUS $lsmFFreptus Ruedemann, 1 9O4.

StsnqqegPtuF laxus (n. s. Hall, 191 h)
pl. Z ,flLE.T .

. 1914 g T. g.Hall 211j, text_fig;.4.
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1935 SiFmn{tna,tus -qxus; 3er:sorl and iieble t272-3, pI .32,

figs 1Or11, ?12.

Reqarks. The NeLson sBeelrnen agrees weLl with i{al1 rs

d e scr LBt 1on.

ilqr.i.eon an4 .]oqnl!!X. S2/561+. Assoclated forrn, Drprstoblflgug.

Z one tl.

The sp€;cles nas recondeil f,rom Preservatlon fnlet j.n

Beniligonlan beds by Benson and Keble, and is known frorn

Bendigonlan (nej) to Castlernainlan (Caf ) 1n Victoria.

GI$NU$ Trichoqgaptue Nieholson, 1876

TFlchqqraptus fe,qeueqpl r. S.IIalI , 19Og

1912 lrtehoer.atltus fergusoni T. S,HaLl t210rp1.26rfLgs 1 ,2. 
,

. 1938 Trichosraotus fersqsoni; Ilarr'ls and Thornas r72, pI,1 ,
figs 6a-c; pl.4rfig.l.

Rg$arhs. fwo poonly pre senved speclmens fr,orn Nefson show

the dlstinctlve branching pattern of T.fe.rsusont.
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FiOrlzon rnjt locn1ity. $T/116. Assoclated forrris,
T.{rutiqqsus (j- enri 4-$tipcrt- for;ns). Zone 3.

T.{qrqusoni 1s knoi'rn i'rorrr the Bendigoninn (uel) to
Ohevrtonj-an (cnt ) stage of victoria, and frorn the zone of

a
P.,e,the nl df,e! of T:exfis ( nerry 1 95?) .

GlxNUS Dichosraptug Salter, 1953.

Qi c,h oerap t us rne Eq oJi Harrl s and rhoma s , 1 g4o.

Pl.Jrflg.5.

1940 Dighqsnaetug mqcc,,o,vi, Harrls and rhsrnas t,lzglpl.1 I

figs 1a-d; pl.ZrfLg.Z.

Rerharkg. Many names have been erected fsr:elender forrns of
Qltihosraqlggr 6ome of whiah are like1y to be censpecific. I

Beeause the NeLson specirnens cLosel-y match the flgures a,nd

deseriptlon of D.m4cqorrl b3r Harrls and rhomas, theln name i

is used hetre.

Hqq,l"aon and l.ogalltle,s . gZ/553, 5OO, dOJ. Assoctatect fonm

Qtd:r4noerarl t\rs cf . exten Egs. Zone 5 .
D.mac,eg{} rs known fnom the Bendigonlan (gee) of

Vtctorla.
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Qlchorlaptus oetolrrrehif,,r,{E (.t.itall , t B5B).

185B (lrapt?ii!hu ogtohrrrchin,tun J.iTa11 z1QZ.

1865 GrnntolLthr*-s ociob;r?ghintus; "T.Ha11 tg6, pl.7rf lgs
1-7; pl.8rfigs 1-4.

19OZ Dic,hgrgaptuq octobr+chl,atu:s; Itlles and ffood zTT-9,

BI.9; pl.lOrfigs 1 a-o.

1947 Dicho.rrEgrptus octobf a,chlatus; Ruedemann :288-9r pI.46r
f lgs 3-7,

Re=rn'arl{s. All Nelson speclrnens are lncoixplete or poorly
preserved. The rnain stipes Rurnber from flve to eight,
ag,reelng wlth the descriptisns by illles and rVoocl and by

Ruedemann. The central dlsc dessribed by Hall and Ruedemsnn

was not seen 1n any Nelson spesirnens.

Horl,aon anct- l"gcal.t tles . 2/544, b5z r5$g r59jr 600 ,617 .

Zones 5 - 6.

D.OctqbraChietUg is an extremel;rr wj.despread and

long-ranglng fosslL. ft le known from eastern and westenn

North America, Europe r sc-andlnavia, China, and Australla,
lts stra ti.graphlc range lyi,ng generally urlthin the Arelrigian
or tts oqulvalent. The species ranges from Bendlgonian

( net ) to Damiwitlan (ve) in vtc t orla .
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Dighgriantu? oe'onn:1rts (;r,Hnl-1, 1 858).

P1.JrflE.5.

1858 Gqaotol,i, t}rus oe,iqnnlri+s J-Ha11 .,1Ztq.

1865 Qra,?tcli I,4qs oc toriar;1fg.; .i.I{a1l :95-6, p1.1 o, flgs 1 ,2.
191+O Dtc,ho$raptrls_oe,tqnarl'+u i fraruls and Thornas z1ZJ-JC,

pl.l rfigs Za-bt pI.2rfig.J.

Remn fks . Hal-1 ba s,ed the speci e s on a slngie ,Bpec inen f rom

Levl s, '?,uebec. .Spo cilnens f rorn Nelson and Vie toria ma tch

HaIl I s silecinren, particularty ln the rapicl wldening of,

thlrd-or,Jer stipes but vary eonslderabl;r in fhabdosorne fornr

anti stipe number. Austral-asian fornrs,also have conspicuo,uely
trr,ecltnetltt rhabdssorilss i a feature not mentisned by HaIt pnd
lnileterminable
ffifrom h1s figured spesirnen. Pendtng a

redefinitton of the species r the rryriter follows Vtc tortan
workers tn referrtng Austr.al-asian forms ts D' oe tonff,ri-u6.

Eorlzon ,ancl Lo,eaiitie,s . t,2/528, 552, 5gg, 617. Associated

. f onms r Dichorrraptus octobrachiatug, Isograptus caducells

victorlFe; I,.,Q.,mnxirrqdlve{seps. Zones 5 - 5.

The speeles ls known from the Castlernal.nlan ( CaZ )

of Vl ctoria .
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1 92O

3elggg.Iej1-[gg_ ?"s_g-|inglE r( e b ie, l gzo .

PI. 5 ,f i 9.3.

Tgtn?,s flOt$s ngqli.neqs t(eble rlg8-9, f tg .63; ptr .3j,
figs 2a-c.

Te iranreltJ{s .,egclin3nE; Thomae : pI.1 ,flg ,12.1 950

!ee-qriot.lpI. Prirnary branehes f,orm a funlcle Z.1mm long,
O-5mm wide. .secondary stipes are gently ctrrved, di-verging
a t l ooo proxlmally, 'l 400 distall:r, gtving the rhabd oso,me i ts
characteristtc shape. They are 37nn, long, 1mm i.n la'eral
width at the flrst theea, and gradually' rvlden to a max.Lmurn

LatenaL wldth of Z,1rnm at their dlsta.l ends. Thecae barely
distinguishabLer approxinnatel}r g in 1O,mm"

Eqr+,plEg.. The Ner-son materiar cifr'ers from

only ln havlng a sllg-litly shorter funiole
jmm in the Vletonlan rnatertal).

Keble I e description
(Z.lmmr,agalnst

Horlz o:n .aqd l.oeqli tg. The single specirnen, vGG, i s f rom

locality S2/577 et Aorangt ittrine , ?,one ,e.

T. apcl'lnqnq i s known f ron the zons of T. frui,le os ug
(4-"tiped) of Texas (gerr.y. 1960a 252) i it range- in Vt c toria



156

frorr. Lancef:Lel-riinn (ioj) to Ber:riii;oni,nn (nel ).

T,e tralirgntuq _emii Lap'arorth, '1 B9O

PI .5 ,f L9.7,

1855 Qreqtoli!hu$ .bryqn,oL$eg l{aLL (pars) :84-6, Fl.t+,ftgs
9 r1O. '

1 890 Tq.t rgnqn pt_us _aqri! Lapworth i'{S.

19OZ Tgtrsi{rap.tuq , gmli; Illes snd 'rr/ood :6O-1 r pl.g rf igs

{B-C.

EemggKs.. Nelson sp€cirnens agree welI ivi th the descrlption

by Elles and 
"To,od 

, Aus trala sian graptoli t'e worke.rs hsve

been retructant to acceBt L,apworth I s narne- (nenson nnrl iieble

1935 t27q; Thomas 195O), preferr.ing to use T,.Egrqg (erongnisrt)

,sensg Tornquisi ( t gOt+) insteed , and to retain T. brgsngidgg

(;.lratt) for those forms transferued to I.geqqg by Lapworth

( Uttes and llrood 19ii}2 l5t ) . Ap'oarentty no type speclinen

was deslgneted fon q.-UEXgIolCee Flall and the correctness of,

Lapwonth t s procedure is debatable. Howeverr ttTettggnapt,us

Efllltt has galned wide acceptance and is used here.

Hqqizon apd _localllies . S2/51+5 , 552, 556, 557 , 56iA, 56t+, 585.

Assoctated fsrm, rsograp-tqo eaduqeq,s. marl.mq.q-!y.g.gg,gng. zones

l+r5, and 7.
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Ben.qon and rieirle (lgiS tp7,+) **corCed i;he si)€oies

frorn Preservstion rnlet ern,t Benson et- gI ?gffi ?3To) risted
it froin Aorangl I'line. l.niirii. renses from froi$€r Bendi.gontan

to Castlernainian 1n Vlctoria (recorderl by Austrsllsns as
rt'll, g,e-rra'r) . It 1s knoi'rn frorn the T. f r:qtieoqgs zone (4-"tiped)

. to D._Rnotobif icus u one of rexas ( Berry l96oaz5z) r frorn the

T. f rurticos'+s zone (l- and 4-sttped f orms) and g. qgotoElf l_.,i_gg

aones of New York (eerry 1962a:704), and fro,n the

I .-gt bberulus su;bzone antl D.. h i rr,rnd o zoner of the Skidd aw GrotrF r

.shgland ( Jackson 1962 z j1t ) .

39.!gggi4 t 9p a pprpxiqn i ug Nl chols on , 1 B7 3 .

Ftgs Z$a-d; pl.hrf i.g,1 .

1873 Te!rafirgptqs apoqoxirn,etu,e Nleholson z1j6,fig.p.
1 gob T.apPEoxirualgg; Tornquiet |6-7,pI.1,figs 1j ,12.
1920 I' aBpqoF,i.ma tus; Keble zlg1-7, f lg .'o1 i pl. jj rfigs 1 a-s.
1935 Tta'TlpJoxiinat,gg; Benson and Kebls 2275, Dl .].'3rflg.?-2,
1937 f .gppro4irnetBs; iv.lonpen 2156-8r p1.l+rf igs Br20 ,e1 ,25,

25?; pl.11 pfig.4; pL. 12rfrgs \r.j,?

1 938 T . gpproxinla tgg ; Harrle and Thomas zV4 r pI. 1 , flgs .l 7a-c ;
p1. b, f 1g. 1 5.

1950a T"qpp,go,rimqtqg; Berr,]r zb2,*3, pI.6rfigs j-I.
1952 r.(Etaqn:an!gg) approxirnqtus; Lee and ohen; Bl.Jrflge

h-5.
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1 966 '|s +, Pa :r,nrt,uB illl,rtpyi ;,n tg,g.; 3r';i.th ,,172-3ri'1g.1 .

Deserintlo!. The pri..nnry siipes forni H f'rrnicls 1.8 (r.i-
2.3)'rnrn 1ong, o.5 (0.4,-g.B)rn:n v,irle. The sicula cannot be

seen. Secohd-order st'Lpes reach 36m:n in length, widening

f,ro,i'o'1 .Omrn (0.7-l .2) at the flrst bheca to a rnsximum width

of 1,'6 (1 .3-2. 1)rnru by abooli th* 5th theea, nnrrobv-tng slightly
at the distal end. TheSr $re generally curved at thelr
prorl.rnal ends r diverging initially at less than 1EOo but

f lexed bacit to give the rhabdosorne its eharacter.istie tii t

forrn (ffg.25brc). Msne rarel;r, the seeond-order stipes

are straight and dlverge sharply at 180o (fig ,,ZJa) . Theeae

are spaced 9.5 (9-t0.5) 1n 1Omm, are incli,ned JO-qOo, a'nd

ove rlap a bsut one half ; ventral rnargins sre sligh t1y c onc nv€ r

aBe ntural mangin,s are norinal- to tru*e etipe alri s.

Rema Ekg. The l{eleon spec i.$ens e,irow sorne varia ti on in the

rvld th, curvature, and attlturle of th,e $ecsnd-srder stlp€sr
and in the length of the f unic Ie . A few spe e,imens f,r'om

locali.ties gZl577 and 82/n9O are preserved wtth the second-

order stipes convenglng dlstally or crosslng each othen

(rte. z5b) .

The ave,rage maxlmurn stipe l'rldth (t.6mrn) and Rverage

length of the funlcle (1 .8rnrn) i* less than that glven by

- ----l 2:-Fqr+{:}'iT: i\s+i,:
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I
Ftg .25.' g-9, Tetragraptus approxlrnatus

Nlcholson. Lt large rhabdosome wlth

eharply fLexed stlpes; VG5I localtty
s2/5\1 s t 2.6 (probably the speclrusn

flgured by Smlth 1966, flg.1 ). 9,

Bma11,er, lncomplete epeclrnen wtth lees

sbarply flexed etlpee; VG11 I locallty
s2/577 , x 2. gr vGl 2 , Ioca 11 ty S2/59O ,

r 2. Aorangl Mlne arear T.approxlmatue

zon9.

I, T.accllnans, ttth lmmatune

tetragraptlde ancl anlBograpttde; VG5,

locall ty S2/577 , r 1 . Aorangl }ilne area

T. approxlma tus zoloe.

+{b
\/

,tK

d\

\\
'il

\

ta
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ii:cirolsDn (t'cn* linft'(ir 1,1;i: :, rt':il "c.-,.],.r:i-; i;it,.)1'nn -nclttr or

2.)rTtiir f'u:si)rlc1,iv:ly) in il.g ori:'irill ri.-:;-,cr j. ;',1Di-r. :-,c'.vever,

br;ca\t!le iirg rJiner:sions iiiv,rn,',',jr.s oi' t'ihe lsri:9si sp?ciilen

observedrf i:i his corlection (i:icjrolsDn 1E7j :1j6) tire

s;naller i,jel-qon forrns arg irere inclr:rie.J in ti,he :lLleciss.

i?ut:dercannrs figJr'es of iopotypes f'rc;rr Levis sho,y

ccnsiderabie ;lior:Jilological varia tior, ranging fr.or,j forir,s lvi th

.sitarply f lexed r f€Iatively r,ride, second-or.cler stipes, to

f oruis 'rrith ti:inner irrorB [Jenily curved, second-orrJer stipes
rcsenibling the specinien f lg.rred by i{'icholson. Be ryy (t 96Oa:

52-3) comnented on tl:e varia t,ion in cr.irvature of the seconrJ-

orrle r s tipes in Texas si)ec i.nens .

Distri butlon_and horiAon. Localiliies SZ/5+l , jl7, 5BO , 59O ,

61 4, 5l 6; s7/51 5. T. approxl'nglus is ihe nanre-giving

species to zone 2 ln lvhicir it is pariica.Larly abundant. I t
ranges up into zone 3 at trIliot Creek (Sl/>16).

Benson anc l(eb1e (lglS) anrt Sl-,warxo (t gf S) reported

the species from i'1ordland, and srnith (tgSS 2172-3rfig.1 )

described and figured a specinren from Sandirills Creek, Aorangi

i{iine area. i,,vhat is thought to be .srnith I s specimen is
refigured here (fie .25a) .

The si)ecles is knolvn frorn tlre Lancefieldian (t"-:) and

Bendigonlan (eet) of Victonla (thomas 1960), froin the Levis

Sha1e, Quebec (zone A of Rayniondrlgl4), frorn the iviarathon
aregion, Texas ( zone of Treppro.ximatus, Beruy 196,0;) , from
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Nei'rfoundLnnrt (zane of Lllg:pEi,rrf t3g nrii ?l=qnoqrrjp!,qs,
iiindle and .ihittington 1g58), fru;n Yu,lon (zone of -.11I)or.o,.r-

l;fatqs, Jacirsrln and Lenz 1g€,2) , f,rorrr Si.reden ( zone of
Telra,rirnptus ;:hi'Llg,q{ai:toirlee st r,.o.ssebo, Toroqaist 1 90a) r
frorn china ( loirer Tonggao r=haLe nt southe:rn o,rei zho[, Lee

and Ohen 1962), and fnorn Tainiyr, -U*.S.$.R. (sofrolov e! sl 1960 :

51). It flppears to hnve a relati.vely snori ti:ne range and

i s an inpoFinnt fsssil f or $/orld-r.ride c onnera tion.

Te-trggr"gplus -bip:sb;/L(J. HalJ-, 1g5B) .

Pl. 6, f igs 2 15,

1 B5g phUlregleglge_ei nri-LlA J. lia 1r : 1 4o .

1865 Graptolithus Ei.qsb,yi ilalr (p,ur") :85-7, pI.16,figs
25,26,29 r30 (not f iss 22-?-tar2T ,Zg E L_peegqgp,t^gg!,Ef
$ke'vington 1965).

1963:s 3g@ ; skevi.ngt on :4-g r f lgs 1 13 15 r 6.

Egga,rEg. The Nelson speplrne,ns agree wo]l ,riith Stcevington, s I

descrlptlon of the leetotype, except tn having a maximum

stlpe wldth of Z-Jrwn, rather than j.1nun.

IIlontzop Fnrl ,l"og31itieg. s2/552r 58o, 588, 5e+. zones 3rUrG. i

I

BEnson and Keble (1%j zZTg) regorded the forrn frorn

Preservatipn fnlet and Bens'on gI al, (lgSS:36il listed i; i
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frsin Aor"aI-;if i i,, ine ,

T..big!!,,Lt sellag l{n11 i 6{ri raii bs.rn reported nidelyr
f rom l{orih Arnerica, !'ritnin, ileanC,Lnnvin, China end .[ustralta,

i ts ranf e generally l.rring rii thin the A renigian. In Vi ctoria
the Gpecles ranges f roin Eendigonian (Aea) to Castlemalnian

(caz).

!e,traqgaotrlp sp. af'f . T. clr,Fprlrani Ke'ole and

H,arnls, 195I+,

Pl.7rfl9.1 .

aff .1934 Tgttanreglgg_g4i pi Harrls and Keblel 169-70,

pI. 20 , f igs Ja-b.

R.emggkp. l'frl.th thelr conspicrrously denticulate: thecae,

second-o,rder sttpes in the Nelson form resernble those of

T. qfrfpuoani, Flnst-order stlpes cornpriee only one theca eaeh

however, insiead of three as in T. cha:plnanl.

E-qrtaon and J-ocelittr. Comnon at losallty 32/552, Associated

f,ormz Ts.oer,aptqq qqdueeus rna41-qgg-ivgrgg!-g. Zone 5. t
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n;: i ngr r-'Yri, ., L ,1,: r-l .-r n i ^'i ,,'- -., 'f 
^ ; - -. ., 4 rJ 1.t \t -_ 

r.- -. .. l;r-,
'1, sj,. iril , I E:i9

+t'i - .' ,4 r) G. J-'--.t I t t_ ) )/.

t15B-9, 9J .17, f igs

l3-15; irI.13,r'igs 16? 17-19.

'1. Cecinj ens; iieble 2199-2A1 , F1 .34, fig.1a-e.
T r'Jr:rni*,ion- .,.r',L,rrrr-.,^rS ; EenSOn,3t a]- 2365.

T. oecipiens; Berry i423-4r111.44 r f igs 5 ,1Q r11 .

Descr"intion. Thg sicula is 1 .3-1.8mrn long, and acout O.lm:n

tvide at the aperture. Tffo prirrrrlF.-f siipes diverge f ron near

the sicirlar eperture, their initial dorso-ventral width being

about O.9-1 .Omrn and lnieral ividth, aibout O.inm. Second-order

stipes are given off a'r, the level cf the f irst theeaL aperture.

Two distinct forms ere infened to belong to the spscies;

in the firsi, both prirnery stipes Civide (tire four-stlped
form), while in the second only one prinnary stipe divides
( tfre three-stiped forrn) .

In the four-stiped forin, the funicle is 1.g-z.Jmnr

Iong. Second-order stipes range .Jp to /nm long, widening

from about O.lrnni at the first theca to a maxir;rurn of 1.lrnn at

about the 6tfr thecar thereafter of constant rvidth or tapering

slightly. Their attiiuCe is variable and soirie speeinrens

appear to have been turisted daring or ^crior to burial. Thecae

are spaced 4 (3.7-+.2) in 4mir0 in ',,he proximnl region, are

inclined at about JOo, are long and narroftf, and overlap one

half or more. Thecal ventral, rTrargins are straight or
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Flg .25. lglragraptus declplens T.S.Ha}l. 3-4r four-stlped

forme. gr VGz, locnllty S2/613, Aornngl irilne area. !t
lmrnature form, GR71 r tocatity S7/516, Ell'lot Creek. 9r

lmrnature form, GR72; locallty S7/515, Etllot Creek. It
VG5, locallty S2/6\3, Aorangl hilne areao 9-4r from

T.frutlcoeue zone. 9-8, three-stlped fornts. gr VG4t

locallty S2/599. t, speclrnen ln whlch the two secoDd-order

etlpee ]le BrperposedS VGIOl locallty 32/577. Et VGgr

localtty S2/5gO. .9-g, from Aorangl i,llne area r T. aooroxlrnatus

ZOne.

A11 flgures x 5.
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S l-i[.h tl.it C ii]-lcri ve.

In ino tlrrel-ij"i,i1;,:c !;:;i' i.rre i;,'o lr'iri.iir',r s.',iites Civer.lie

ai appr()r{.i:r',flieLy 1B0c i'rt;;. nBi:jf t,i;e ,.;icJlrir oper.trre. une

stipe divitlcs,Jichoto;irousl.;r at the ievel, c:'ihe Iirst thecal

aL)eriure; ihe arrgle of oiver,;$nce lf iiie t',To second-or.uer

stipes is csllaily sli;;.1:t,i.y Iess than 120o but varies

according ro the oriei:tation of tie ri:eboosonie prior io

burial nnC cornpnction. ,1I1 three stipes :nasi have been

approXirliately hori zoniat ',rrit,h reGgreci io tne sicuLa. They

are generally E-1 Onrnr in lengih, arr,J are 0.9-1 .Oinr, ivide at

the level of the first thecal aperture, increasing to a

rnaximurn of 1 .1-1 .4rrrm at the tirirc or t'ourth thecal apert,.:.re.

Lateral uridth is 0.5-0.8riu;1.

nheca, number 5.5-5.5 in ji;urt and ere incr-ined at 30-

4Oo, with an overlap of slightly more than one half ( about

0.5) ; ventral lvalls are sl-igntly eoncave, spertural iliargins

straight or almost straight and norrnal to the stipe axis.

Rernarks. The three- and f our-stiped f orrns are Bnalagous to

the three- and four-stiped forris of Tetraqrao!us fruticosue,
and can be considered polyniorphic variants of one species.

The four-stipsd variant 1s most cor;rnonLy preserved

8s srnall dumb-beIl shaped f orrns (f ies 26b, c ) which probably

represent inrrnature specimehsr and which show fewr or flor

details of structure. The f ew larger ;'ielson speci:nens

(figs 26ard) differ slightly from Berryrs illustrations of
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i,r19 i,;'lies ir, r,it-,' ::tf'O,,:i,..irl n,'. ,r:':Il.- ui 'f rl: :'-:c\lfit.t-CI'{.] 'il' stii:,:s.

l'rO;n tr-re ritgnslr''j,;,'-ini:; 5.it,l .l'-,'.it'115 :ivgil i:,';iri1, LeoJ-e,

nnd iierr;r, the !'oLlr-G 1',i;;,:d 1'cr',,^ Dr-.r).,','ii ;':llreci;-rbIe vr. r:.ation.

i-eble rioted that the seccni-cr':rer stlccs "'iere probablSr

Itclecline,Jtt in ii-fe, an,J ',,,nrl.s 0id riot iie in onc pIane.
tr"latteningt of guch i'or:ns ','l'euld prodlrce varinble stip,e

r,ttituse as seen in the lielson rrtR+.eri-e1.

fn the three-s1;iped forrn t,he dichctoniously dividing

branch appears t,o ce tnat basu'd on th12 (speclmen VGI O).

T. trioqrantoides i-Iarris and Thomas 1938, fror;t the lorer
Bendlgonian of i/ictoria, anC ttTrio,t"rantgstt oia,c'oensis F,enson

and lieble, I'rom the Laneefieidian of Preservati on Inlet Bre

similar J-stiped tetralTrtiitiid s, bui dif 3er f rom ihe lielson t'orin

in having thinner stipes.

Hgrizon anC Locallties. Tirree- Bnd .iour-stiped f orils are

f ound toge ther at 32/577 in the Aornngi iiine area. Three-

stiped f orms only are found et S2/r9O, and f'our-stiped f orrns

only are found at S2/r24, 527, 577, 5BC, 612, 613. S7/516,

518, 519, and 52O. Associated with both foriris nre

I.gpproxirnatue, T.acciinans, and Adelorraptus? antiouus.

Zone 2 (J-"tiped forrn); ,zones 1 - 3 (i+-s'biped fornn).

Benson g.I aI (lg16) recordeu n.oeq4-Ieng ( f our-

stiped iorrn) from the Aorangt rr.ine arsa together ivith the

variety bipaiens Keble and Fiarris. rne inaterial rvas neither

described nor illustrated and the ivri ter nas not been able
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to di :tlr:guieh sei:F ilecies .'li t:lin';1e i,.:ltscrJ ;i., t$riaI.
Benson anri jieble (lglS) ni:ru 2.,2corct"j Doi,r: for,ns fro;i
l'''ordl*nu:*^ 

.: ^-he species is co,r:rirort in iire urli)er Lnncefielcjion
(f,ti) anrl Io|er Eendi.gcnian of i/ietoria, anrj is r-o,und in the

zone of Ad eler:rraplgs an,J ?.r-gqgEgrrtus: of the ir.iarrrthon

seqrence, Texas (Berri' 1gl}a;54) .

Tet,qasqnptus, frqtlcosus (.T,Ha11, 1 858)

.r'lge 2la-.e,; pl.4 r f ig.e 2 r5 17 .

1858 Grylrtoli thus 1'r.utlcos.gq J.l{al-I ,:128.

1 865 Grf,ntrqli ttrus f ruticosgs; ,T'.IIa11 : 90-'r , Fl.5 p f igs 6-Ei

pl. 6, figs 1 -3 ,

1874 qgf:Jg-tg'uteq, (Dtn:rr,nes{apsus) fr.ut-icgqqtt i,ecor t 13,

pl.1rfigs 9-'! g.

19az Tetrarrra'p.tuE ,f r.utico qs; Elles and f'dood 261 , pl.6,
flgs 2a-b,

193,5 Tejragran tus €r,ui,ico$us ; Ben soR and Iieble 2275-6,

pl . 30 ,f ig . 41 1 pl . 33 ,f igs ?-j ,27.
191+7 trettgp'raptus f.r-'utrcos-us ; Ruedemann : Jo4-5 , Fr . j1 ,

f igs 25't ?6-:i2.

196Oa Tetrnrrrnptus,f{qtiaEsugi Berr}r :5q:-5, pl.5, figs 7,

11 ,12i Fl.7rf,ig.{t+; pl.Enflgs 1rS; pI.9rfig..5.



168

l)sscrlj nt,ior-r. Siculn conej.,ictto:jsll' 1.ni'ge ,,-:9iis;r'i.ngg 1 . E-2.1min

1Ong, pnri rit l-efiSi O.J:f':n i','iJe f''t, t,iti: ani:lltr;l'e. r.1 1On6

f-r{}fiia (up i,o lOrnriii 'rriii€rri'; i,c',irrrl'l s +,iie sj.r:uln, nn}'irtg i,he

r'pic:s1 rnar'fiin of 1;he sicalB cii-i'ficrrlt to dei'srirlille in rnfiny

s.neciriigng. 'l"'rvo pr,i'rii;l,Ji st,il-r*s iil'erig tt-,' ibou'u -cloor Curve

CiO'rfnyUAfc'lS f gr t,he f'j.I'st t Or i:intt,, titetr St,faig.hten r thei-f

oistal Forl;ions clivsl'ginE ai bel,\'ieun 30 ancl 7Co.

Secon6-ordeI. l:i:ipes nrise f-f ii'r near tire spertures of

t,he tr,,G irri i;ia1 thecae of the rhabd osoit:e ( tnt 1 , tn12) . Tl'uo

cligtlnct, forns of the species Gre -crssent: tho$e in ''sirich

one primery sii;re divides, the thrr;e-stiped forrri (figs 27brc)

and those irr rnihich both prirnary stipes divicler t'he four-

stiped form (rip; .27a) .

/i4( -'":^f

Flg.27. Tetrasraotue fruttcosue (J.trall). gr four-sttped
form x 23 vezr; rooallty s2/629. !r threo-etlped form,
r 5i vczl I tocallty sz/6o6. gr three-stlped fonm r 27

ve22r localtty 82/626. All from Aorangl ttrlne eroa,
T. frutleosug zonor
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in Trtriit ],n!'r etr' r"h',.-, jo,:'L.::.-ru i,'f.' r.lcii: i'ori.i5 t,he stti.'gs

f eCufve outWfircis d'1s;t,ai1;;, .=ivit:g " hs chr,l,:,ct,r..'rJ.s+;ic be11-

shaped ouilirrg tr.r the ri:rr'ocoi;c;:ic (:'ig.?la'1 , litlpes

gr'adaalty i'liden throuijhoa'i, tfieit. j-ungth, f'r.o;:: r'bout O. grnnr

in the prgxirual r'egl on tc a t;rrexilr.urn ci i sts I 'n iC th r'grrging

fr'oli 1 ,5-?.3nt:n

-hscae Ex.s r,pnced 7 to 0 in l Crnni, t.he ventral lrnl-ls

afe inclineC at about SOor 6Fer-tural nier.gins Rre ooncave

and s,harply denticulate.

lji,qcgssion. The Nel-son rjpecliiiene r'gree vtel1 with liallrs
(1865) flg'ures and wlth the riescription and illusiraiions
b3r iil1es anci ;Tood (tpOe) and by F.r]ecJ,emarrn (l9r+7, excLuding

the sp€cime,n figured in FI.51 , flg.2j, which ls nearen t,o

T.pg1,14 qr?g r*,han T. frutlcosus. )

In lrlelsoR specj-,llens of ihe threo-stipe,d fornr, the

seconrl-ord er cli chot,o-nry alwaSrs arl, se s in the prinre r;r s ttpe
'developed fr.orn th1 1 (tne ehorter of'the two irritial the,cae)

and thus cornesponds to the tl,rlrd.-formed stipe of the fo.uf-

stlped form. The three- stiped f orrn cou1d thus be derlved

frorn the four-sttped form by suppression of the f'crurth-

formed ,stipe during developrnent of the rtrnbdssoine ( ilarnested

developrnenttt), arrd the two fornrs can be consider"ed aE t

poly:morphlc variants of the one $pecLes. To*e four-stLped

forrn generally' appears before, and i s sLrperceded bJn, the

three-stlped f orm ( tsens on and Keb1e 1935, Ha rri s and Thonre s
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ba
1938f i.-:-r:qfe at..l ,',i-riiiir,Jt,cn 19ti, itgrl')' 1?;iO).

AI
.Turigir,rg I*r,o:rr i:ts if i.-l;+*,1.--,f icri.Fj, F:recie;,;unn tE Speeles

*q.*-f i,i,'J'I-f,}u-s gln rxt?i_is pr'obeirly s;'tlo*)r;1;g'sg 'fi t,h @s
(i+u*denlann 19q7 : pl .rO, f igs ?--l+ r5?). r

I.Io11zon nnd locnii ties. -1''our-siipr:d i'orris onl1r Fl.e knol:;r:

t-rorrr J.ocnli t,}r SZ/i'28 ; thr'ee -5 tl pe d f ornls only n r.e -lino,rn frorn

82/606, 607 , 626, 6?7; S7/519i rviille bstir forrris are present

at g2/524t g7/516r52Q. Zone 3 (3- and 4-stlped fonns),

ancl Zone 4 (l-stiBed for,m only).

tsoth fsrrns o'f t,he $pecies 1r,'€F€ rseorCed fr,om Aorpngi

Uiine b;r Skwa rko (l 96Z) arili :F ps 1r-nprrr'rl fr.om Fi or"d,lend ( Bens on

and Keble 1 g]-j) .

The speeles ,spans the i:.endigonian stege in Victor"ia,

the f our-stiped f oral ranging f rorn z orre g Be,1 Bej , the three-

stlped form irorn sones EeZ - Ee4. In Texes tiie fc;ur-stiped

f or,tn ranges from, the zone of T'. fruti. e ocug (4-stip'ed ) to the

EonB of D. orotobif id'us; tne ihree-stiped iorni rsnges {'r.om

the zone of T.frutlcosus (3- and A-stiped forms) to the zone

of D.nrotollfiPus (neryy 196Oa:54-5 ) . Beth f,brsts of the

specles are present ln the Deepltl ll Sha1e of .New Yprk (Eer.r,y
a

1962V :7O7), and have about the salne ran,ge, glven es zons of

T.frutlcosu$ (3- and q-stiped) tu zone, of D.protobXfldgq.

Tlu species ls also known frorn Quebec (iiaff t 858;
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RnSintorrd 191q , " Boite Ett ) f'r'c.rr. r'eei i-i..'oi., Yukon ("Taci;,son 196+:

5?U) and northrrrrl Rrj-r,rin (Uti=s snri',;ioo.J 190?).

Tq,1jrr{r':i:EptU$ ngr i,i -. $.}Ia11 , 1j14.

Pl.5r f1g.i-'.

19it1 'etre.gractqs harti T. G.Heli :11J-4, text,-figs 5 r6.

1935 Tgtr:ggrgptga lrerti I Eenson and i(e'ble :276, Fl .33, figs
2r3r ?1O.

1938 !etrpgreqtqs h+r'i1; FIal'r1s end rhornas 173tpI.2rf'lgs

Jiaa-b; pl.41fig.13.

lEaiqrhs. S;Beeimens f roin zonss 3 ariel 4 aL{ree v,'ell lvi th :i411 t g

description, though they have sli.gghfily longer first-order
stipes, as in those figured by llar.ris and Thornas.

Hoqj*-u gp '.nd.loea,lltiqs. 52/586, 506, 508, 626, 628.

Zones 3-qr6.

T, harf 1 nas flgured frorn Cape Frovidence, nearr

Freservatlon Inlet, by Ben$on and Keble (t g:5 ) , ancl li sted

frorn Aorangi Mine by Ben-qon et gI jgS6 237,0), It has' n

motre restrlcted range in Victori.a . 
(tsenrJigonian, Bel -Bel+) .

The specles has been recorded frorn the Nirrgltuo $hal,e of China

b3r Geh ( t g54 z 395) . An inc orRs:le te spe c imen frcni llorwaSs

was fl,gured hy l$onsen (lgll lpl.hrfigs 12r19) as t.sf.hflr-U!-.
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"od tr.i-,i"J..-;rrf,"t;_: tgridi ( j. :;g j,L, i 857)

PI. 7, i'Lg,. 3.

18t7 Gt.rri;ot.ith,rc ne,ir:jl .r'.i{aII z 127 .

1 S65 firantoli.thu,s_hsnct ; itaII :94-5, Fl.6rfig.B.
1902 netr,e.g-rLeful henrli; Sllec: nnd ii/ood 359-50r pl ,5 rtigs

]a-b.

&g,Tla.it1s. fieGond-order stipes In the lfelson speci,r:enC reach

3.7rnni wide; Iilles and ,Vood (p.59) state that r:bnxinrurn st,ipe

''idth in T.hea,dtr is J.Onrnn but iheir fip;ure (pI.Frfig.],6)
j-ndisates that stj"pe urldth reached at least J.jlrfli,.

Fsrlson nnd lgc,ql j.tts. g2/552. Associat,ed f ornis Trigono-

Eraptgs ensifor-tl,is, f scqt:arrius cariqc,eqq me4iI_lodiver.F.ens,

Didy.Tsgrantus sp. (exiensifornr). Zone G.

T. hea,d 1 sJBs described f r"orn Levl s , Suebes , whe re i t,
1s fouqd in uons D2 (Rayn:snd '191u 2529); it is found with
Df dfllqsrarottls hl ancJ D. flikibe,rulug in the $kiddaw Slates,
Ongland. Its prtsssfio,€ in vtctorj-a is doubtf ul (T. S,Hal1,

1 899b :5) ,
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le t,r.r, r'r"'n t,un j)tn4 e!, :i3-I-es, 1 B9rB.

Fl'4r -fii1't5'

1S9B =etrq,'r'fletus i-:ittilgnn Jiles ;4 1' flg,1'3. .

19OZ n'6t,I,Fr;.rnpt,uEi Fen.uling; dlle s rrnd i;ood :'JJ-4, *'Bxt-f,i8.

38; pl.6, figs ia-d.

F.emgr5s. The tlelson speciilrens hnve theeae with defJtlculate

apertural rnargi.rts but othenwise agree.urell t'*ith the

descrlptions by rJlles (f Ogg) ancl lillce and ,food (lgoZj,

Ilorizoii *{r!l locaii.t,ies. :}2/628. S7/516. Zone 3.

T.nqqdeEs was reear.dg,d froni lreserve tion InIet by

Benson and te'ole (1%5 '.?75-7), and 1. cf .Feqlden$ Tras 11sted

from Aorangi rriine brr E,BItson 9-! n.! ?%6 z36V). The spscies

range s f rorn Bend igonian ( eet ) to Chewt oni an ( Ctrt ) in

Victor1a, and is kn,own from the r. f ruticosqs (4-"tLped f orrn)

zone of Texas (Berry, 195Aa255). lllsewhere n it is conf,ined

to younger beds. In Ne"n York it occu.rs ln the Dt bifSlgg

zone of Ruedsniann (tg47 t3a6i though Berry (t 9e zu z7a4) ri sts
t9 l4

1t from the Di p{otobtf'ldus zone only. R.aynlond (+++++ :529)

lists lf, from zane c3 (n. bit'i,du.g) r of Levis, 'tJo€bec;

Jaokson (lgSZ 2312) 
"*aord 

s tt from the D.n j.trldqq s,ubzone of

the Sklddaw SLates.
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Tetr.nrlafiot*U sp. cf . "=;1eni,?n, ,il1es,, 199E.

PI,4r fi--t .3.

cf .1898. '",o ti11i,:tr.aduri_r,cn:lens ;iles :+91 .

cf.190? r'str,ni':t apt!:..,q ee.ng*ns; LJ1les nncJ ,f ood 263-a, text-.
f ig, _,i8, Ji. 6 , f igs Ja-d .

!emnricg. !+ langer rhn,bdosonfle eni conspic*ously dent,lculate
tirecae separate t'his fonn fron'r that descrlbe,cl by iilles. It
has I similar pendant habit hor:ievern arid is found in the sanie

bed s as T i pgltd ens .

Iigiiq n.ind ioealitg. S2/62A. Zone j.

tet,ra.oEnp-tus fiuadrj.brectij_etus (J,iia11, 1 g5S)

Pl. 3 rf Lg.2; pI.7, fig. l.

1 B5g Gra'otqJ.i.lhus quarjri brgchl o tug i{elL z1zji,;

1 89'9b Tetrasr.aplFs aroiectus T.S.Fall :l{4grpI.22rfigs j r6.
1947 Tqtraqrentus ouqd.rj,'ota,chlntus ; HuedefiiaRn :jO7-8rptl.5,o,

figs 1 5-1 8.

Bemarke. Nelson speci.n:ens agree well ivi th luedenrann t s

des'eriptlon. One speeiraen (pl. f ,fig.2) has a "Gentral discr
- apparen tly a meinbrenous f ilni of, perid e rm - snu- prorninent
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thecae, ar:,i r;atches thti ',iir:t,cril,n i'orrr. t. n{o;e,gtus T. S.Hall
(tBgg :r+r+E). Accorclinf, io T.3.1{al-i'n.,plto;eetus is
distin;,;i^ghed iry rts narr-o'.'.' :;eco;iiJ-'Drrler st,ipes nnd'oJ' its
ptr'omlnent '"!:ecae. 5inti1,nr i'orfts ilBre t'i.g"rred cy ltuedeffiflnll

( t gr{7 : pI. !O, figs I 6 rl 7} a ir *: o.E^dt].clg-{'..h.-lg!,Se tr o,nr€vsr, end

until J.llal1rs species is r.evieed, it is oonsi.,inrecl to

i n c l.ud e ' T . 'F rc, J e e lus .

iiqriaorr arrC l-qcaliti_es. T.,:-'ue|1ribraclltgl,_Lls is ilbiqirltous

arrd long-ranging. At i{elson lt is found Ftt, locali.tiee
s?/54o,552,557, 590, 582, 600, 6Q3, 6O5, 615i S7/51,6,519.

Zones 3 - B.

It has been recordsd fr"eri liorth Arneriea, Bri tain,
scandi,navia, 0hira y u. s. s.R. ; and Australxa, generally in
rgchs of .Aren j-gian orr less comrnonLy, Llanvlrrrian 6ge.

netragrqpt,r4s. reelinatqs ltrIles and 
',Vood , 'l 902.

PL.6, f l.g.1 .

19Oi2 Tetrasraptus reclj.natus Ej.Ies and ilrrood 267 , pI.5, flgs
lA-G.

1%6 :glrRgrapt,u$ neerlirrFt\rs,; Benson et al t378, text-f 1 8.3.

Re.ntarks. Nelson sBecfuflens Frgree wel.l with the deser,lptlon

by ELles and lYood. Of their figured specimens, those of
plate 6, figs !d-e rnost close1y resembS.e the Nelson forln.
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Zonos 4 - 6.
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3ii,,t 11:1 , .,,., j , i'7A, j8r-i r t,CO , [O1 .

l. re;cLiIet,us 'i'F,s f'l;.;ured i-'ij'ofii tIc AorenF;i i,,iltr;^ area

b'y Ferrson t tt al (1916 :557 r t€xi-f id.i) . The 6L-ecies is

i(noi';n froir'r the D. nrolobif itlap. zonrr of' Texas (;erry 1950 az55) ,

i.'rotR the Areniglarr of urr6;lnrrrJ (:ltte s anrJ ulood 19OZ ) ancl from

;he lsrver Dld;vnis,rlrrirJ,un 5hs1e crf l.rorirray (:,.onsen '1r937 2175).

Tgtlregrantus ser.rg ( Aronghtart, 1 828)

Pl. 6, f i-9. 9.

1828

1gaz

F.'ucol. eq serya Brongniart

Tetrarrnptus r;errfi ; i:llles

pl.6rfigs l4a-f.

z 71r pl,5 ,f lg" 7 r8.

-"rnd rYgoC ',65 , text-f 18.4O r

Ee$flrks. i{elson specirnens from uone 4 and 5 agree we}l u'ith

E11es and ','rlood I s deseription of T. sorra. They proba blXr

ggve rtse to the 3.arger fornr of ec)ne 6, T.cf.Eerra. t

I{ort zsn anil local j. ties. 82/528, 5uU , 545 , 586 ( sp,* cinien

GR88),6,05i S7/52o. zones 3 - 7.

Benson and KebLe (1%5 z27B) f i sted tn^e f orm from

Preservatlon f nlet ( nenOJ.gonian nnd Che'ntonian), and Benson

g-! eI U gl1 z37A) ri sted i t f rom Aorangi iJi.ne . seve ral
d lfferent f orms have been r.ef err.ed to T .-s rra n b,y worke rs
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fforn both )le';l Z*r1-.rnd '+irJ e1s.e:'itt--'rE .:.lrj ir:'o ipecicg needs

revision. t'A-tgirEt'has rd,rn rceor"Jcd fro;6 AustraLla (u"

@J.]Ia11),ilorthA:r,gr.icg,3ritnin,'4g1gi,ur.ti,
Scarrillnavia irr.(l China, its r'ange ijensrelll' lying rvlthin the

Are,niglan. I fis rangie in Ticiori a j. s f i'orn tsenolsonian (nej)

tp Darrirrilian (o"-l).

Te treErarrtue cf. T.,.qerre (Brongniart, 1 SZB)

Pl.6, f igs 7 r11 ,

cf . 1 E28 lucoides serrg. Brongniart 271 , p1.6rf lgs 7 r8.

ef. 19A2 Tetra,grantus gerra; lill';s and Hfood 265, text-fig.40r

!1.5rfigs L;a-f.

Selnart<g. -lrLtho,ugh generally resemb,ling T.se{rg, thls forrn

has vllder, morre rigld, and rnore r'eclined st,ipes. It Is

cohf ined to z on€s 6 afid 7 and L s a,ppFrrently clo se ly re la ted

to I.seqra which ranges frorrr zones 3 ts 7.

IT orl a on an d lgc a,J!!i-eE . S2/532, 540 , 552 ,, 
'60 

, 567 , 630 .

Associated forms, Isograirtu$ qa-iugege ruflSiqogiverEe!€r

I. i,mltntpn I.dugg-gsgr Didymorrraptus sp. (extensiform). The

specLes ls eonsplcuously cqmmon in zone 6, aDd ranges up

lnto zone 7.
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s.., . ..':'. : _::'r' , t t"c;;-:: i'-.r't r 182E /\

aff. 1E?3 1,1-l:c'---.ils _ll::.:1 t:,oit;'i-.i.rri; :71 t i:,I.bri'i,;?,,7rE.

it€,j lrlr-_'.f-glU.t:+i_--'-,.::;i-i:l ..:,].i, (.,:.-..;. ) : E+-5, 1)I.i1 ,

fi5-:s; LItT (l,ot j'L''l' ",-), l)-i,-, f-1i).

af i. 1)C2 'li] il-.":ri-j''i rr,:Ll_i'ji'i'l ; j-i:s cr::1 .;'OO,.: i5j-7 ,

Hc::tzor: an.1 :ocal-i.f.-r'. i2/52u. Scne 3.

Tetre.frS'Jt,tis s?. aff. T. i,:.r!ii{acu'jt RuerJeinann, 1 904

Pl. 5, f igs 3 ,1rE.

aff. 1 904 1"-.trylU]:arrt-rs 1;arA t?cum Lue,le;rrnnn z'56j-4, pI. 1 2,

.r.-i -^ "t-, oirrdD I l-c:'J.
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Egr43{t:9. .;i^"h tts corisprcrro'Jri eic,;,lft, its long s1r+niier

ini tial i..'lr:cae (th1" , 1?) n::rl j- t,s n,.rror/ r"ccltne;l fiecond-

grrler sii-f es, th* ],ei.qon f or ii re$E:nbles T. t rtL,dx..+g,11-;1

Rue'Jernattnn but i.g rlistin,ruisireri by r higher inciinrrtlon
and grdater overlap of ,'j istni th*cas. r.!!inulag Geh (19€,+z

400-401 , pl.qrfi'd l2; texi-figs 7s-b) apl)Bars to be a oiosely
related for:it.

lorizq4 nrld lo,qn1i:tie.s. sz/ijz, |5j, 56O, j6ta, 6o9.

.I.ts.eoei aied forns, Ig!.S,gp* u,l cad llrie;+n iiilxirnorlivu'Igens,

Lrgllgig4 r,hnstatgl' I.,'lgr::c-s+9. zones 4 and 6.

T. tsf {ajrecur[ lras f igured from ?reservatlon Inlet 'oy

Eenson nnri rieble, (1%5 :pL .33 rf igs 7 r8) . The specres

range fror:: the sone of ?.?rlrlrp;<irr:at.ts to ihe zone sf
D. urotoEltiius in Texes (eerry 196.Aa 256), ar:d iiras lis-r,ed

from the zones of I.ff.un,!eosu* and D.protobifirlus of New

York (gerry 1962a : 704) tirough P,ue cl,ertrann also recorde,d i t
frorn beds vrlth Gl-yptogrgpt'.rs 0e.n_ilfltqg. Jaclcson listetl the

spectes f rorn the G. rJqntatr+g zone of }iorthern Yukon (Jackson

1962 tlg) .

I. mlRutus 1s- ]rnown f roia the liingicuo iihale (Cen 1 95r{:

401 ).
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,ti:,,f!,.::;. .ir.tI:rl,J.;,1) .-;0,-,1.'*,,,. ,,r';;Sll 1.'-ri'5;j, t-tl'-; i,gi:iOil Sr)'iCiiidfl$

hirV,; F I'i':iirir.;;l-,ltt ,3t,'... iCi-; t'Cil ir,'l'uJ ,:,rel.l- ,,'itir lri-'il-tS

d:) S C i: i :i -- i c i': L1l I .-i1:5 i: :-q ;;.-

For.izi-.' rtij*.lii-j=. 32/5?i, i,?('. 7.sr.?':-l- ^fie slls\oi3ri

ra;iies irorn 1,i:e ;,enjl;;i'l;all (':';'.t) tu Che"rionj-Eri (CnZ) in

\ltc:iorin.

']l jli ']S P::',']- -ic,.li' j:, i-1:, j..l .l . -ja ' I , l Ljt .

Phl'ite.;Ig.r, i te = n;' ls'" : jiit=s-1u.ls t i :ol-i- rLs'T. l{a li r 1 85 I

TJI -E_ ','i.:..2_. .--.1Jr--

1 85 B ?irgli ci'r-.fl-o t,'is rrniur: -u :-foLll;;,I. ilall'.1 i9 .

19OZ Ptryiloqra-p!gg_anr:i:s:lir- f-'erl-i.;ls ; JlIes flrid ,1r'ooo :1 0C-01 '

pl.lJrftgs 7a-f.

ReltiRrhs. irlglson Specinens clo:re13r r,iabch r:iles nlld ,voodrs

rie scri i:ti on.

Horizon an,J loealitaeq. SZ/5p-2, 531 ,56+, 57O, 579, 58i5,
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'i^' r'q- {tO6, {:C7, 609. '\$soei',te'J fonig, Ttoqri:aj2.!.gg2Y) r cU) r

gnd{eeUB lr.il1ti',ar EtigllagfoLpt"'-rc -i:g*'+s' ElgLr-c-ggngl-,rrs EP.

Zones 4-5,

P.aiif,u$.il&Iius rvas fisured froir, ?r,uservatlon InLet

by Benson arrd i.ieble (lgss :2t8-9, Fl .33rfigs 16:1 19r2O) anrl

wflrt recorclecl from the Aorerngi .r.irio Rx:ria by Benson et al

(lgl5 r j67 ,37O) . I t is rvldeL;r d 1s i,ri irLr"teC elserviiere, b'elng

knonn fro;n the Oheirrt,ooian (C'lrg) of Vict,oria, f ro,t tlle zontss

of T=flrqtico.=tE (J-. and 4-$r,1pe11), nniJ D.t:rcrloqidi'Jrre of

Texa s ( Ee rry 19,6oa 257) , f rorit the Do,,r {g1,g,i:1fi4ge. z ons to

the P_.gt.hqri4;re-1 u one of lrerv Yorlr. (serry 1962a :704) r fnom

the Levis Shales of Qirebec (Uaff 1858), frorn the !.nitldus
subzone to tire l. h-i, r.'Udq zone of nCIrthern Xnqiland (,Tackson

1"962 .,312) , frorn the P. dqqsus and P. nnEusi j.f gliuS-e,lqnEgl.'ulff

Eones of southern Norvray (ir:onsen 1%7), nntl f nom the

t{ingicuo Shale of South Anhnl , China (itsu tg3+ : p1. 3 ,figs
!a-c).

Fhlrllogreptus-angaeti4o;i"us elonfiatug BuLItan, 1931 .

PI.8, figs ja-b.

1931 !hv,l'l oglapt gF 
-a 

nsus=ll.teU ge var . p lonsa$gg Bulrnan :

45-7, pl.Jrfigs 1r2

Remat kn. Ehe l{elson specfunen agrees closely with BulnanIs
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,'-r).i,'-7,i,ft__,:: , I f-irij_,r l-i i ,.-, ',_',3,/ .:, j. ',_tlf,:;. 
i .

-'ll,l Si_,gCi;t: 1S; .::i:-1,.1 '1 :': 1.,; j ,','iti '_,-l_ l.,t:..ij,-l.r-,r-,._ill b:f idr::;

::'i,tfChtig.frt i,I'i-rli;l.ir-:n-,S .t.l :.;::i.rri:r ('r;i:.r,:-: ',?Ji :A7), f-.,ltrj iS

the i'1.;;:,c-i;iv-,.n{'i iiilecies ill ti:r,;. _r'. -,x-...:,iii:'rrit;r.; :iori-:-r tis

zDllrl (3b[) of ;jr)ut,l:,,:i.r: ,cr.J.,','ry (:.,-:r,;;r]it 19j7 :?1j).

Pl:g!l=o,'r:, I i,ri,i_iilr,i ._-. I -.i1 , ,, t,;i5 .

Dr. l, 3i - j.. ..- ft i.i - -7
- +.-itrf :,.'-?, _.-LiUg.LJ-- r / r

^,86i in:rl.i-o.. rrr rlt,r-)rj '.ltr-r litil :.,2+, :lI ,',6r:'i51s i1-1 b.

1gCZ ?..r1!!cgr1:*-.i:, i;'lt:.: ; ..iIr;s ..r,; ,icc,j : i Cl -2, !,I.1 j,

figs 5a-f.

P.e;rirrics, llel-son speci:llens irgJl$,3 fi{311- \';ith J11.cs and ,ioodts

description. A fe'lt sL)eci.'nen-q bear a si:or^,, sicular spine

(p1.4rfig.4), sirnilar io -"hnt note,J by llueoemann in lierv

York speciriens (lg+l :.Dl.!Jrf igs Z6r.jl).

Horizon_an,:l local-i.tieQ. SZ/ j5j, 56a , 57C, 5Cb, 5tg , jgJ,

6W, 60,+ , 611 , 5zj, 625, 6?-8; S7/517. Associste,J forr::r;

Sigmagrnntus l-nxus, 2id jr:itolr,r.,lltrrs ::rct,oi)if iJ*s . ZoneS 3 5.
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P. aliia. rre s lLi i; ir i l'rD;r Fre se.r'va tlon Inle t b:f Ben6on

and Iieble (t535 228'9) , "n.i :lrort ttr.' /,or6ngi r'iiine Ftre,a, by

Benson e t n} (lglf t267 , 270) . f t is l;sp,',:rrJ from ihe

T. f quti:co.gs (l- ana 4-stil:e ci ) zone to !:gL{icgg zone of
Texas ( Eerry' 1960a 257), f ro.i: the T, f rglie.oFqg zane to

fue.lh e.rUlTs I zone of lier,i York ( eerrr 1g62a : 7o+) , f rorn the

D,'rbifiriustrand G, deiit_eltlis zones Oi ]iorthern Yukon

(;acrson and Lenr 1962 238-9j, from the subzone of D.nitidqs
'uo the zone o,f Drtiirqntq in England ( Jacicson 't 952 z1l z) ,
and fronr the u one of P.! denaqg of ,so,uthern lforlvay (Uonsen

1 giV z21l) .

eh,E$g+f ,e -o,t.us i,11 fisll, 1 B5B.

1 858 Ehdllouqr"aptrlg, tlicif,oll4E HaIl r7jg.
19t+7 Fhqllqqrar?tgs il.iq:.fo1ius; Ruedernann 2517-8, p'l.

53 ,flgs 9-t9,

Eemarhe. Although not well Breserved , Nelson speci-mens

hgree well wi th Ruedernann r s deseripiion.

Horl4on ag4 _]=ognllti es . g2/022, 56A, 56q, 586, 5SS , jgj ,

600. Zon€64-5.
The speeies was recorded from Fressrvation lnlet

by Benson and Keble (l gSS 2289) and from the Aorangl ir'iine

area by tsentson et gI (t g:0 2367 r37O). rt ls xn,oivn fnora
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the Chei:1',ortii:n ol Yi:io'r'i.''r j'r'o::i.iu;tvrr'r nn,j iqgLern Uniteel

:itntes, ,lei;t+rtr ;ri:d ,jn;fi:.':;'6 CnnaJa, ilr.$ti", Iiri;oin, and

S,candinnvia, its st,retj-6i,aphic rFitte il:-rner.aIiJr Iying rii thin

the Areni.gian.

Piryl"lprrrantus ilnobi.llstt liarris anrJ I{eble, 1 932'.

Pl, 1 O, ftg.3.

1'932 Ph:',rll,qsraqtun ngbills l{erris nni Keble 241-2.1, p1 .5e

f igs 5 t4.
1955a !!glloSrgptus .nqbi-1is ; Beruy t42+-5, pl,l+l+, figs 5-9.

F.enian-.€. Nel,son specinens rnatct: the de scriptl.on of the

type speelrnens by i{arris an{i iieble and by Benr1/. The form

is stratlgraphleally distinct frorn other species of
Phg}losrqr:-teg in Australasia but ts morphologieaLly sinlilar
to the earLier specless P. i1j.e!f oliqs_ and P.,srlrTusti.folius.

I t ls here tentstlvely e onsi.dered io be a di stlne t spec les.

Horlzon and loe alit.v. fi2/51+5. Zone 7.

The form is icnown fro-.n the Darriwi.llan (O:) ln
Vtctorla (nhomas 1960 217) , ano frorn the G. cf . tgretiuseulus

zCIne of Texas (nerny 196Oa :5S), It has a]-so been

reeorded fnom the Basln Ranges, iiestert: United Statee (Ross

and BenrSr 19fi :B[).
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':)i:"*i-o-i"l-' - j'.1 , '.'i,r..;i.- ,..:l;t,:-1 9 'tc2,1 .

-.')-l n i.i - r
* + r (J t I I; r I r

18iE 1ia.:_::,_Uttri'.r,1-l.tti _'i,';:r'l1i l.l:il- ii j-/ .

i9r;7 P. i-!:I'r.;us ; P.rr:.-jc,;,it.l'r;-, : j7C-'t, !r.t. 5j r f i;s ??-26.

f'lei::eCii:1. ^lcisoit ;l-l.:ci;,.l;iiB il:.lvu I ar.;e :l.l.--rodosOii.$g Ct'

varj-al:ie tj:lr'.pe, anri silrr-lg ;,''il-i ',','iih liueCI.,;rii.rnn I s degcrip't,ioit

of ?'i'\r'-)d's'

tiorLz.rn a:ri. locairL:,r. S2/j79. Zone 5.

?.+-t.'.tLi;i ts -1.;:O'lir ,-'rc:t'a:it E':iJ-i;ctn.i.eri (Se+) of

Vicioria r j:'cr. ii:e zonerr cf J.rr.c:'.obir-'idus :rnc )" biiirli-:s

oi 'nexes (Eerr;t ',9i:OatiLt'), i.'r.o.;t iri.; sFi.trS ir,'io ZoTtas of' i\e',','

YorK (nerr'y 1962a :7Oq), 3ii,j f'r.cii,,Jestern and iastern

Canada (l',:eCerr:ann 19q7 :32O).

GUI,{US D:-dlrnoariplrs i,icCojr, in ;jedgvick anC i,icCo5r, 18t1 .

Di'llrnc;:'i'': r'".:;- s1:.c-f . ll ,rlilSlo3I:siS ;;:OnSen, 1937.

P] O fir 4t 
-. 

J , - -ja 
| .

cf. 1937 Did.'rm,oirraltuc gn'i-ircrisis ,;onsen :1O7-6, p1.1rfig.
t+C; pI.7,figs 12-1 4.

cf. 1940 D.elsioensis; Ha::ris irnri mirorras 21j3, pr.lrfigs
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1 Ja-b; pI. 2 , tigs 1 5a- b.

Regarrs. )ielson specir,iens shol'r cen;pic"rurus rridening of the

stlpes and ngree '*'i th liof:Een t s iescriBl j-on e:(cept that
the,cae a re spaced 9-11 1n 'l Ornlir rn ther than 8-9 B s given by

irion sen.

Iioriz..on enrl Jocaliirr. 32/528. Zone 3.
D, gnqi-ggnE iE i s kn own f roirr the Eenri igonLan ( set -2)

of Victorla (rhomes 1 9'50) an,J from the P. dgltsus zane of
southern Norr,vay ( l.lonsen 1937) .

Di0:,:qograntus s-c. cf , D. eocaC"lceqs .tlarris, 1933.

Pl.9r fig.4; pl.11, fig.4.

ef. 1933 DldyFoErnntus eocadgcaug Harrls :1 09, text-figs
64-57.

Rem4fl<s. J{eIson specirnsns rl1f'fer f,rrom Harris t s de scriptlon
ln havlng less slrongly reclined sit.oes, Rnd a larger
slcula. Harris lndicated a i'lide rangs of vari.ation ln
rhabdoBome form horqeven and the liel.son spocimens are

eompared wlth the species. fhe distlnction between D.cf.

eocaduc,gus and Isqgrep rt..t;iioherg ls discuesed balown hnder

I so]rt raotus.
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f SILE!,n-nnd io:gt,l t l,.iiq,,i. lt ?/)j? ,, 5,.o , j7), j7g. hssosiatecl
forms, Ij.grr"elF+.'rs_qi:lq,ls,J.:,f -;!.,j,; j';rol j.v.qr",-,ini, X,. 1mLt,ata.

Zones 5 5.

D,-?ogarJ+qE$e is confirie'i io ihe 1oi'ler BenrJi.goni.an

(;et) fn -4ustrreli.a (tnornrjle 1g].r0), riis;rgpearing ,oefore t,he

first a'ppearance of the leLson j.orln.

Did.vrtgtr-,api,+s ,e_:rtensus (J.IIaIl , 1Ej,g) .

P1.9r figs 2r5.

1 858 Grg'p=toll.tlrFg _exte-Esug J. t{alI =1,'3e.
1865 Q.e[!ensu.s; J. tiarl :80-e n p1. p, fige 11..1 5.

19q7 lic:rrrgetert-us extellsug; *tuede,Tann z jjl -z , pl. 55 ,f lg.
1,6; p1.56rfigs 1 ,2.

3.9lpaiEg. Nelson specinens ngree lvell urt th l{all ' s ( I a 6: )
figures and with Rue,Jern.ennt s desen,iptlon.

Hogtzo4=,gng lqcaLlties. sa />6s, 586, 5gg, Goj. zones 4-5.
The speeles lffa$ recorded frorn Preservation Inlet by

Benson and l(eble (lgSS :ZBZ-3) , nnrt uD. ertgEErrs nltid us

transientsrt w€re 11eted 'f nor'n the Aorangi,r,!in:e area by Benson

et 4 Ugls z ],67 r37o) . 'D. +xtens,.i.sr has osen recorded

widely, from Austnalia (upper L,efi,nafleldian to Chewtonlan) r

North Arnerica, Europe, iJ.s,s.R.t and chlna, its rsnge



ii,lrrr:i-'iii. ZOnr.]S j-7 CO;i'i:n ::: JC:).i;i-u.t: r_ri'e;<'i;JliS*^.D:..;n

'i:o):;Loi-rriiltics, 1t-.::l'-i':i::g ,jL),,1,j i'c,r:,-J l,;itir lni ti i:]i;,' uec:,lncu

r'1.r,:; jcliofrtus. ilc.;.r; .-ol.'1,.i .;ri'tirt:. u3lli:i.i Lr.;-.::l illrj,lil's irfiri ll:3

3J C'-,iI^,JC :]f'jr-9, i:ii lij:ll-/r 31;,je:lf ic l,,s inr,3;'iir,--)Ciir'i,e ;l,jti,'cen

Ccsci'ihei lcr',r1s ani :rr'ai listeu ;r3 " l. =pp. (c;i'f;gnsil--or;rr) tt.

-ii'3 i';.rcl-e ;-irD.j.p cf e:{-;._.-t-,j-:'o:-..n ii-C;,r;r,oiire;tids jras

l-ong .rreeiuc rr.v:.s:-on (s.;e i:ii.,^,,r lgjib:7a); ? c.;t:liled
SturJ;r cf'the porl"ll--.'ric:rs i't.D:i,.-,.nicr ";:;ecigS" jtr-ti/rj o:cIt
,Jesc;'ib='l is i',kely io sno T 'il::.^t jt.ai)/ oi' the su,t,;;oseC

ttspeciglftt are constccil:c.

188

l) \') .':'. .-; t' 't ", ' - -; -, i, ) . ( , -': i; i.j l-. :: i- -'r f.lfr )

D j-d.'/r:oi,::r'r-.gt rr r: r,r': i.il r:- ii j -rs jile s , 1 9 j3 .

l'iss 2Ea-e1' :1i.8, f i-;s 4r5r5.

1933 fLd:',loii:n,-.tul lrro-,ccii'iil;::, lillss : 98, fJ-;;s 1 -:).
1935 D.::rotoQir'1{gs; i-renson nncl j',eble ;zTj-6, text-i-igs

js-b.

1937 D. nr.otqi j.f ldu.q; P.ipper zl jLy-1, tu:<t-f i-gs 1s- c r?fl-b,

3 , 8a-C.

196Oa l).rr.oi-.sbificus; aerry zt:j-t+, 12I.6rfigs 5-9.
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Fle,28. DlEll]qg"g"ptus protoblfldus Erles. gr lneornplete
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!gEqri.rt"lqn.

1'90

iii c:lLl ii'Jlt{?r'F:115r il lout'i ilt.:'r lonlt (C,.7-1. 4:iun) .

Stipes uF tO ?C;rui longr ili.r€r:;iinll irritraili: et about 90o,

cur:red do'rnrvsrds reiluc-ing tne .Jir.er,iierr€e nngle to 1C-ZOO

Iti t,itlri iiie fi.r'st j-tir;nt. .itipus lbou.t O.l:iurt v,r'icl€ proxinrally,
gI.flciuaily e:{pnntiiilfi ',;u :.r':r3.:,ii,r;i.rifr ';iciilr, II,CIfi,r. tneir disitai
e;<tr,emities, of,' 1.2-1 .i1;lin.

-llecae irr i,rc,[ia,, $iiGci.rr,e:,ls tlre lipaced 12* 1q in
1Ornm, Thecei venti'a1 n'a1l.s sFer e*tlier sli,rai;ht or sligh*ul}r

consFrtr'e, irlcline,:1 gefl*.r=il5- at 3A-3 o, but r.an;lr:g in n ferrl

spe cirnens , up io 4O-r+5 o. Cve.:..l.e 1r ie ono ilnLf cr rilight,ly
lessn Snrl eB,ert,urnl ffiargins fire riorirrel tcr tire stipe exls.

Dlscussion. The }*e1son n}ectr;.sns agree vreLl '.r'ith llllesrs
clescrlirt ion. Pipper ( 1957) noied thn t sonie i,ielson

specintens sholed csnsidsra ble v;:,denir;g of tire stiBes ancl a

distal incr'eeso in thecel over.i.ep, 'srtd r'€preser^ted trernsients

between D.protobifi.du.s and n. bif iduq. $pecirien vG25 (f'lg.

28e; F1.8rfl,g.4) i,s probably. R sirniLar trarnslent.

H,orl+on -end. Jqg:e;Ltti.ee , s2/55t+ , 586 o 5ss, 605 , 506, 609,

525. Assoeiet,ed fon'ne r s1p:rlq.sraptqs ],Exqsi, Pbvllo&rarrtus

spp, D.protobl_f idus is tlre naine-gtving foesiL to tlee

f ourth z one at Aorangi l{fne , in i'rhieh lt i s psrtleula rlJr

abundant and ts whlch it is confi.ned.

, The species hete been descrltued and figured from

Flordland (Benson ancl i(eble 1935 z2}5n te:<t-f lg . ],a-b) , and

wtrs r'ecognieed at Gslden Ridge, Aorflngi l,rline al'ea, (toealtty
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(:t.'.;) '.1 -,:-.,-:'",t,!...'-- .-.:i:', -: 
'-i:-al.* ','-:.:,.,::, 1:.,,f,;, :rI.l:. :t;

-:.u, 1-.i-: :'rr.:.1 -,i- -.i, '..!--:. 
.l ,. , -: - 1.. - i, -,, -:.1^.; l:.._r _i ^,d ',1"r.,j

zoT,c ol'- -:. .-'r'c'c- l'l'-:_. -.:r -l'. ^,:'.'j '-'(..,:,.1 . i :-: .r;i','.,j (?:li'.,., i J.,Cr.) ,

i;ir:l ;'a.j ^,;.;;n f'CCrll.:ltt'j :-':,':,::. j';..) :;i',lJ:j Cl' !. r.:,i,:.C;l,dt_igS ein:l

ng i I.'],i'j1,.: r.ii'-t f t.uiirjar.tr.tit ( j-.,i...,,.:.; ) C,i' -.i;... l'o*It:llt,l:J (::l_Iid1,::

nn,; ,':::'i' I il:,;'u jl ',':jt ') , :': j.l -"f.Cri-'i '. :':? :.:cl,,J t.-; ol- l. l.ji i,rrel..i]uo ,

enCl D.,1i-i'-;1,.:-;-C Oj: ilr'r i,S,if. {.;i1..:s',.--,jj; r .Tir(::.ifCn 196?) .

i?rrl ..^r-. 'J 61-r',t'jiu.r..l[:].(i 1-j )rjUrl hlrS r..jC:c.l':;gc'j ',,lit; lt-:u.c:*(-jS 1'r'oi:. let,g :..foni.glan

c e C s oi- ]:e 1gi lir'.i.

)icl ri, Oit:? l-.i r.i- ::,, r,:il,.i l: (.T.:ii,f 1, 1i'!,5) .

iSbj G:'ir,;'t,il.i 1;hr-r: ::.:r:iiiis J.^iiiii :78-9, !1. Zrfigs 1-]).

19JE Di:':,.rli,o.::r.F,ci.l;:; si::,i-.ii.--.,; i',.rrfl,ji:r r.nll nhoi:ias ..76r -31.2,

f igs 22a-'c ; i: i . t;, i'ig' .2O .

1947 Dii.'.';i:c,Ilrrlntus si,iriiig RueJ=rrinnrr t j+7, gl .5j rfigs
iTriE?t j-q? r .10.

P'enr.qri..q. N'elson slJec:-ijiens e:groe i've l-l- rr,'t:h .'ial,1 t s

illustr&tions itnd ivit,h F.ue dei:;a11ir r s ,.lescl.ipii on. A feei,ur.e

of iIall- | s f igure'd sileci:t.ens lr:'l cf t,h.,e r.ric*,ori ar: ar:il llel.son

fornis is the slightiy re:-1e:<erJ iit:.sri s-*,ipe iiinl.gin (no:,ed

by iIar.r.is ancl Ti:orin s r1933a:75) .
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-,.," !: .:tal-.'; . ,i-:r ":.' il..;_i i-; :;:. 1-.:, :-. .I. f . r:i],: gll

l"r-:'r:..ri: i'i-;,.'i.t.ii:.r.;1.r.,'.i*f 1'- _;:l-.:1-. \", 1,_;l; :2,i,(,, !l .-)Cri,),t!.:.j;

**1. ji ,ii.;3 5 ,1j) rtitc','i uI.i-1,' r'.i.,(; :.._,.-,.,:i .;.,,i ,_.Or.i ior, O:. t,j:e

r-'tri:'J'iost;:.9 r =r)rr ',,i'.t,-1. :.--;Lr,C -.:; cf,j:.-*.1 .,1.. j ,Jc;:'ri.f *i. lgnl;oil
e! r.'i (',91:C a 367 ) -* i', 1.u'-: t;-g i'c:'::. ''r.i,,.,, i jit; .j: r.,r,.'r.,:- j- . ir-rc i:r r.uzi r

','irrtno.]'i JuScr.ipi,io:-.,. -'::,; j.-,1:c*a. lj r.l,l:ri;:-jg 1.ro;j: d!)lJer

r,€rricci'i'l-;ii ii (:,"j) to .:,e :rii:;;ol.,r-Er (:,:j) ir, \rrc;tcliri (.iicr,,.,,:,

19<"'O). f t, is l:nc'.',-i. f'r.ar.;, -ex''s (.,er.r.;,. ijc}a z€j), fr6s-.,

jier'; Ycric ( l-;e::':'y 1952r, :7c j) cnrl .)ueb::c: ( j.ri;,,n:ond i 9i L+ . j?9) .

i)i :j lf,i.oi'1,:!' ; i.t _\/- :l i. ;']-.] :i*-.; ^, i-,1-1.,f lr,, n,,g?.' t*.

Fl.'i 0, fi;1s 4rj.

19?L+ Di,J:''r'ilc!rnp!fsl v-f:.f:i-{:)):lis lie::ris Igi-qr !11_./,fil,s 1r?_.

1966a Diii:rr:op:r"entJs ,,r-?ii j'Iexus; Eer.r.1- zqjc-1 , pi.trBrfi g.1 .

P.elrar.ts. Nelson siDeciri,e ns cl-csie', y n.qich i{erris ? s escr.,ptior:
anc illustre"tions. Ths si)L'ciriicn figured bJ' .,ionr:e11 (tgil :

p1.1Orfig.12) uu ").cf.de{le:ri:.q" fysr:,i 'ui:e zone of F.Censug

of southe::n lfofa'ay is Vcflvi sir::iiar. to t,he.,'rrj.si,ralersigrr

specie s.
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E_qgi-u on r'nd ,logal eij. \Z/jL5O, j56, jb| , 5SO. 3lssociEi i,-*c

fos'rrrsr Ie.eiirl,;.'t.r.ifl sp.,g aff.!E!$igiatu.sr Ir0eCrctlils ri;Fxi.:to-

-0,iverq*ns, Zones 6 7.

'he sps,eies rsinges fror:i Yapeonifln (yat ) to

Dar'riwilien (D1 ) iri Vlct,oria (Thonns 19'6CI), anrl has 'neen

re-cog,n:ise.d in the zonel of Isg.rr?p!*s onduceres in nexas

(serry 1960a).

OIJNTIS Ca i'4i olrf e,ptrte I{arr.i s ancl i(eble , 1916.

0at1{j,o^qrrulus rrio us Sarrts and Keble, 1916

Pl.12, figs 3n6.

1915 F,erclio,qra.ntqq p'rorsus Harris and Keb1e (ln iiaruis) -.

pI.'1 , figs 1-Ll.

1924 Cardiotrreptus,niqfsug; Iiarrls 295-6.

' Segg.pl{g. The few Nelson speciniens have 11-13 thecae in 10r:rie

ra the r thnn 9-1 1 R s glven by llar.ri s (l;,92t+) uut the;r o the rni se

closel5r agr€e wi.th Harrj,s t s descrlpt,ion. In vi.ew of the

veriabllltgr of C.morsu+ ( see llanris 1gj3y figs p5-6) tne

Nelson speclrnens are here lnclu'Jed ln the spocies. Structure
of the proxtmal region is not yet Jcnorrn in detail trn Cardio-

Erantugr btlt from speciaren GR29 (p1. 1 2 rf 1g.6) lt appears to
be similar to that of Isog.l'aptus cnduceus Salter.
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norizcn and localities. sz/i45, 5+6, 556. Associated
form, Glosso.qr? tus cruCus . Zone T.

Cardiop:raptus morsus is a conrrlon forrii in the

Yapeenian stage of Victoria (i-Iaryis 1g]3). ft has been

recorded from the f . ea:'luceus zone of Texas (eerry 196Oer : 66) ,

and frorn the Glenogle Shale (I. ceduceus zone) of British
colunrbia (Jackson 1964 : 528, f ig. j rno.l o) .

Carillorrraotus? sp.

Flg.29; pl .12 rflgs 1 ,2.

l ei-nn r!: s . specimens l'/i *uh a Ca gclo;!ra,l ius-Lirre r.habd osojrre

but 'urith recurved proxirnal thecae Br.e ris ted as

Cai'ciograptu,s-? sg. The.first +,,vo or three thecae fcrmed

appea r to grolv d olnwards p.s in Cr:cogr.ap'tus , but the thecal
pair at about the level of th21-2 grow douinwards then

sharply outwards (fie .Zg) .

Flg.29. Cardlosraptus? Bp.

Proxlmal end of specfunen GRf 7

showtng recurved proxlmal

thecae 1 r 5, localtty SZ/545,

Aorangl Dilne area, Oncognaptug

zone.
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A sirnilar., though r,nore Fceen tuated feature r 1s i-llustrgted

by lriu and Lee (lgng :text-fi g.5) and ls u$ed as R basis

f sr distingui.shing their genus Pagaca rdlgrtra.plue,. Until
the proxinial end strueture ln 94r'f,1orrraBt,ug ls defirrltely
knorrn, the Ne lsoR f ornns a re tenta t ively re ta i ned withln

the gen,us.

Foriaon npd LocFJlt.v. S2/5t15. Associated formr fsqsraglgg

qaduoeu,g malrim,gFlverlrens . Zone 7.

GEIIUS I gosqqn t us iliobe rg , 1892 ,

lggF speci.es. DidfrTgqrflrrjus qibtse{glus lfie ho].son , 1875

(r= D.eF,duceug $a1ter 1853) uy original

deelgnatlon.

Dl.agnOels ( ernend. ) Rhabdosome blramous, reellned ;

f,lnst theca arises near apex of slcula and attains

almost identtcal, proportl ons , in mirron lmage r to those

of the slcuLa ttself, the axls of, rhabdosome sylnrxetry \

paSslng between them. Subse quent developnnent

leograBtlcl , pronimal thecae relratlveLy' J.ong and pend€nt.

Prothecal, f o1d e g.ene rallJr a bsent .
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Lloberg'' s (lAgz 234€) o"iiiirial uef inition of

!sol:raot,us uJas vague; he itiisir:ternreted the proxirnal end

(iiol'n 1895 219;3uin,an 1932 :2?) arid his Eeneric descriptlon

is nO lOnger usable. Fu];r.nn sitr'3ssed ihe irnportrance of

the isograptid type c.rf proximal end rieveiorrrieDt as a generlc

chnrac ter and in 1955 diagnose o tlte gcnus as f ollorfs:
..F'.1tt 

L"hab,JosorneJ reclined ; thecae'.slongaie lvi th hi1lh inolination

and Iarge overlap, especially proxinrally; Cevelopntent

isograptid, f lrst fev,' thecae grorving entirely dolnward.tt

Skevington (lgAn zLtq-5) eointed out the c ifflculty

of distinguishing the genus from liearrdrograptus i'iloberg and,

in pa rticular, the uncertain generlc position of such

specles as I.manubliatus (T.S.Hal1), f .,hestatus Harris,

and I. dumosus llarris in rvhi-ch distal thecae have loii

inclineti on and sma11 overlap , and proxirnal the cae do no t

grolv strictly downward. The generic position of i{elson

specimens of I.eaduceus lunatg Harris, in which proximal

thecee are only moderatel-y inclinedr is also uncertain.

Extremely diverse fornis have been referred to

Isograptus and it is difficult to find comrnon char8cters

uniting the group. Yet most authors vrould 88ree that the

bulk of forms referred to the gerrrs do constitute a distinct

morphologlcal group. Frorn a s t ud y of the Nevl Ze aland

lsograptids and from the published descriptions of other

specles, several f eatures of morp,hology appear to be present

throughout.



197

1 . The stipes are always recline,J, usuelly stronsl/ so'

2. DevelOp;nent, \Yhere,ino'{'ill , is cf i-sO;lraptid t.ype.

3. Proxirnal thecae r'.te:t:o,lerntellfr otr hlt;hIy inclined'

l+. The sicula and the first t,heca at,tain almost identical

proportions.
-he first three characters are vieli Kno'r,'n; the fourth

neecls discussion. The first theca (th11 ) arises ne8r the

apex of the sicula ancl grows down beside its ventral margin t

attaining an almost identical outline itr nrirror imate r to

that of the sicula itself, a feature that tnisled ii.oberg

( f AgZ) into believing that the sicula vi'as divided in tv/o.

The exis of s,frrrrnotry of the rhabdosome pFSSes

between the sicula and f irst, theca, rather than t,iirourh the

sicula. Unfortunately, the feature cannot be definitelY

determined from El1es and '{v'ood I s figure of the type

specimen of I. sibberulg-g. ( f ttes and vli ood 19OZ z53i f igs

33a-b), but it is wel-l shorvn by Bulrnants figures (tglZ 224,

text-figs 1a-b; pl.Brfigs 1-4) of Swedish speciniens of the

type species (fig.JOb). Liimilarly, all Nevr Zealand

members of the caduceus group, dospite their variable shape '

stipe width and thecal inclination r Fossess the proxlrnal

end syrnrnetry. The problematical rnanubrlate specles of

Isogratrtus are generally poorly known, but Bulmanfs

lllustrations ( t 968, f igs 1 ,2) of I 'r'exan specimen of

I.rnalubriatus shows that the specles has a simllarly

sJrmmetrlcal arrangement of the sicula and first thecB r
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though the distaL e,-iiren.i

away froin -;he rnldline of'

Oi' each nfr- dipected Outwnrds,

rhabdoiJiite.

t,i:s
'r- in ,a

/r2
//.r'.-

NI,,4"Tdzp-r.
"t f'

Flg.30. Pro-xiinar end syrn!'netry ln reoFraptug (arbrc)
eornpared wt th that ln recltned DtdylnograptuB (o re).
s r slcula i 11 , theca l1 i aruows lndleate axle of
rhabdosome symrnetry. g., rsograotue rnanubrtatue

T. S. Hall, f rom llarathon, Texqs. Af ter f tgure by

Bulman (tgeA t112, flge 112). g, !.slbberulus
(I.Trenolson), from $weden. After flgure by Burman

(tgSz (9) 225, tert-ftg.i ). gr f .eadueeue lunata
Ha rrl e , f rom Nelson, VGJI . e, Dtd.vmosraptue hegl-
cf,clue Harrls, from Vlctorla.
lectotype gtven by Berry (lg0A

9, D. cf.eocaduceug Harrle e from

AIt flgunee approxlmately x

After photograph of
:pl.ir9rflg.5).
Ne1son, GRI 09.

5.
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The above dirrgnosi s is ti:\rr'efol'e firopc,sed zirrri serves to

distinguish the Elenus f rorr, r'eclined species of Dioil;noirra:,tus,

such as D.henliggclus ,{arris r19i3 (re-fi..r.rired by F:err} 1966a i

427-8 rpL.79rf igs 5 r6) , but to irrclude I. eadueeus lunata

Harris, in wfrich proximal tfrecae hatre only rnoderate

inclination and sma11 overlap,

i[eanr]rograntus i,ioberg is distingrrished by the

marked difference in shape betiveen the sicula and first

theGE r the rhabdosorne ;iridline passing through t.he sicula

(u" shorrn by the type species, i,:. schmalenseei iv^oberg,

flgured by Bulrnan 1932, text-figs 2a-o, pl.2rfigs 6-8)r and

by the prominence of prothecel folds ( Sxevington 1965 :44J.

Species. DidI'itiograt:tus caCuceus SaIter t 1853.

DirJyniogra-,itusgibberql-us Nicholson, 1 875 (t= D.

cadqqeus Salter).

Dtdymo.qra plus 1'orc io i f ormi s P.ued ernann, 1 904.

f soErantus forcipit'orri:is var.latus Ruedemannrl 9O4.

Didymggraptus caduceu.S var.manubriatus T.S.Hal1 11911.

Isograptus gaduceus var.primula Harris, 1933.

Isograptus caduceus var.lunata liarrls, 1933.

fsograptug caduceus vFr.vietoriae Harris, 1933.

Isograotus cqdueeus vFr.maxima lIarrls, 1933.

I sograp tus c ad uce u s var. ma x irnod i ve r.qens Ha rrl s ,19J3 .J---4---5-

I sogreB!us cariuceus var. divergeris Harris r 1933.

Isograptus caduceug var. iinitata llarris, 1933.

Isograptus hastatus Hairis, 1933.
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.,teandrof;pn rr tr-ls? r';etri c.:1a t':is :jl<evlngton, 196,5.

fsorrraptus ced.lceils var. norveiig-us i;,9nsen (pars),

1937 (l= f .c.lunata ilarrls).
Isoqrap.!us sninosus Spjeldnaes, j95j.

? Did]'i,ioITrantus ovatus J. i{a11 r 1 9A2.

?Did,yi'rroriraRtus cadu{-:eus niut. nBnus Ruedernann, 1 9oh.

?Didyrnograptus caduceus var. spinifer Keble and

Bens on , 1 929 .

?f sofrralrtus caduceu.s var. tenuis Harris, 19j3.

?f sograptus cnduce'rs var. velatA Fiarris, 19ii.
?fsorTraptus caduceus var.frertensa Harris, 193j.
?rsograrrtus eeduceus var.horrida Harris, 19ii (t= r. c.

imitata iiarris).
?Isor raptqs dgnosus Harrisr' 193j.

?rsograptus caduceus. var. errne!g-E R,uedemann, 191+7.

?rsorTra'otug_{ggculs R,uedemann, 1947 (t= r. ee.dqceus

d i.ve rp:en s lia rri s , 19] j) .

?Tsograptus 1.yra Ruedemann, 1947 .

? g Hsur 1959

?rsofirantus curvithecetus llsu , 19j9 (t= r. forcipiformis
Ruedemenn sensu lato).

?I sograptus schren.k,i Obut and Soi.;olevskaya, j96U.

?Isosraptus mannerl Keller, 1956? - orlginal
doscriptions and illustrations not seen by lvriter.
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In those forrns listed ili.th a query, the sfirrfileiry of
the proximaL region cannot be Ceter;riined froiii t,he publlshed

figures or clescription, anr:j their. inclusrol in Isograotus

is tentative. J';dging froril i-iis figures and Cescrj.ption of
f . caduceu.s var.,qrtrJet.lis Iiuedemann (t gOl+ : p1. 57 ,figs 1j r16)

this forrn is most probabrly identical rvith Trhastntus I{erris,
1933. l.hqrrrde I{arris apparently differs from f .c-,duceiis

inrj-tata I{arris only in having a spine on the sicuia or fir,st
theca and r Fs liarris (l g:S 292) irnirlies, the tlvo f orms are

probably synonymous. fsogra'pt.rs chinrihaierrsis iJsu and

Isoqrautus curvithecat,us Hsu are based on a total of tiiree
ttcompatatlvely cornpleterr specirirens. I sogratltus curv-itlgcatus

appears to be an intermediete tretween f . for,cioir'ornils

Ruedemann and its vari€t;r I. f orcinif'orrriis var.latus Ruederrrarrn.

The synonyrny of ,other forrrrs is discussed wlth the systernatic

descrlptions belorn.

Discussiion. The most notable feature of fsoqrgptus in
Australa sia i s the wide range of rnorphologic varia tion
shown both within antl throughout its rnember species and sub-

specles. A belvildering array of forrns completely dominates

the fauna of the Cnstlenialnlan and Yapeenian stages in
Australia and New Zealand. 'rlhe only attempt at a systematic

s ubd ivl sl on of the genus wB s the t by Harri s (l gll) , who

necognised 6 species ( tvro of which were deseribed as new)

and 11 subspecies ( afI of whi eh were described as new) in

Victorian meterial. i,',Iany of Harris t s taxa have since been
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recofrnised outside .4,ust.ral,qsia, ;r:ainly in llorth America and

considertrble iiripor"tancs hno i;cen itl?.cc,i olt the flenus for

correle'ii,ion (SXevingion,1 9,:r{) . i.,nny of'fhe si)ecies need

victorlae and rnalirnociivL'rffenB, f . irnj. taia and I.aff.irnitat,1.

more -Dr"ecise clefinitiotrl t,his hoivever, rnust avlait 
"*-Lfudy

of ;{arrisfs iype rnaterial, and recotleciion frorri t,lie iype

localities. The Inain p.trpose of the ilresenb ivork is to

demonstrate the bios irn tigrnphic usefulness of the genus.

Two groups aye rlistinguishecl rvitirin the genLi.s in
irrelson. The firs'i), the ttcaCu.ceus group", 1s porliccsed of

the subspec ie s of I . q ad,qqe_qs_ narne l"y r:ri rngl-1, lunil!e ,

Proxinaal thecae are t; i the r siraight or al"e curved concave

ventrallyr so that their apertures are direc ied dovrnvrards.

The seeond Broup, lnclrri-ies the t'manubriatet' species, in

which thecal origins are concentrated near th; sicula, and

the distal portions of proxirnal theeae are curved convex

ventrallyr so that thecal apertures are directed outwards

ra the r than d ovrnwa rrj s . $pecles include I. spp.aff.manubEiaius

T. S. Ha11 , I. dgmgsu.s i{arris , and I. hasta tes Harris.

ivieinbers of tne c?duceus group only are described 1n

detail below.

Isoq{sntug ca d uce us Salter, 1853.

1853 Dirtymoglsp t us c aduc e us Salter ( in Bigsby) : B7 ,fig.1 .
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?1Bl5 D.ffibcern}-'rs lTiciiolson :?7'i, p1./rf igs 3-3b.

5J'tro.r't\rny of othsr ilorrr:s rrlicr?rt,ain, pending a

rgdescription of the norninal, s.lbsilecies. r'or ietrtative

synonyilry, see Buiirran 19 j2 i 23.

Slrtron;,rrrrg nnd !ype c.!eciin*nii. ''[]he t1r1"r9 s!)ecirnens carr'le f'rorrr

rt.'Judson River Group of Lauzon prscitice", iuebec (Satter

1853 :87). They are no!'/ 1r),st (l,ul,nr,n 1932, 5z2t+; A.P.ushton

and P.Toghitl , lvritterr coinrnutrications, 1968), an'J Salterf s

original descrlption and illustrtrtiotis, reprodrrced here ln

fig.31 , have proved to b'e inadequate. It is thus not

sLrrprising that confusion has surrododed ihe synonyrrly of

the nanie almost since i is lnce piion.

l)rorxocR,rr'su! caDucl:uE galtcr. ng. l.
lt. d1itc itlfrroi l-!ol runir rctr,onuo tcrt$ fcrl prrllcllrg n hft e!$c- trnrc,dcrtibrn Foobdl$ rypcndhr anlb.

Tbir fotu bdocly releted to D. gcrrinu, Eiltnger; tnrt thc tro
brrncbcr rrc bcnt ro much brch, r.r to be nearly prnlld ud thc
rulk ir vcry loog rnd thrtedlilc

IloD tba Llulo pruipia.

ffg. l.-J['o .Fla ol GraptdiCc, Diilyno-
gtrpsu! crduccttg Saltct, tlw tb Lrlums
jrc;plcc (Ednn nioc" G*p).

Flg .31 . Photooopy of Salterr I orlgtnal deecrlptlon i

and lLluetrattono of Dldymosraptue caduceue (from i

Salter, ln Blgeby, 1855 (9) r82rflg.1;
photographed from txeroxt copy).
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Argument hns l'levolveil aro*n'J i,'vo rriai-il iss.les.

1 . IVht: iher the i,wo f ig*retj specir'llgtls ( uyntypes)

rer)resent iwo-s biped ( i:-:yinoiirr-ri:iid) rhabrJosorilss as thorrgh i

by Salterr or four-s'i:iped (tetrngrnptiC) forrns. Advocating

^,,he laiter vleur, iiail (t8i55 :[2) contetrded ti:at the -figure,i

specirnens show two bl'anches in prof ile, and one ( ttre nelna t

or'rstalicttof Salter) in clorsal vieiv. i,lcOoy (1575 231)and

T. S. Hall ( t ggg 259) have since silevro t,he t }ia11 | s

i?tsrpretaiion is unlikely to be correct. A tetrqgpaptl,i

rhabilosome was again advocated 1n e difflerent interpretatlon

proposed by Nieholson in 1875 (p.271) , when erecting his

new species DiC:rmo.qraqtus_g1qrlgr"!gE, on tsri tish innterial:
ttlt is very siniilqr in general ep.Dearance io the

f os sil de scribed by i,r Salter unci er the narne of

D. ca{aceus. The ori,qina]' specirnen on whi ch this

species was f ounclerJ (qu*rt.Journ. GeoI..Soc. voI.IX.

g.B7), horvever, is oeyond doirbt an exarnple of

Tetra.qraplus bryonoides, llall r or T. bigsbyi , Hall , ln

which two of the nornal four stipes are concealed

from view by the matrix. D.caduceus cannott

therefore, be retained ....

Subse quently Eltes and 'l/ood ( t gO 1 152, f ootnote )

allowed that both !g-!,fi"gr12tus and Didyrnosrnotus were

represented by Salterts original. rnaterinl ttthe Tetrggreotus

seemi to be identtcal with n. serrS ( Brongniart 1 828) r and

the Didgmggraptus agrees exnctly with the form ,lescribed

later by Nlcholson as D.gibberulusrt. "fig.1att ls 1lsted
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in ttretr syltonymy of D..%!bile rulus and pre suinably refers to 
_

the left hand i'igure of' ;iirlter, thai iviilr the longer stipes.

?hree years 1nt,er Ruerls'ilrnn (tgOq :595-B) discussed

the synonymy of D. cRduger.:.: an,J conclrrrled t,hat rrsaltetrt s

first two draivings anrl Iris rjescripr"ion (lB53re.87) can apply

only ^r,o the fori'n later clescribed Fs D.lribberul:ls by

Nicholson " ; thus consiCe ring Saiter I s speeies R true

diCyniogl"arDtid. Ruedernnnn pointed out, that ttof the iwo

drawings comprised in a iater publication (1A55,g.137, f ig.

13ar13b) onder this narne I celluce-usl , t]re f oririer is surely

the Dil:rinot.:rapt_.95, the laiter represenis probabl5r a

-eiraArai:tus bigsbJrirt. Sorne autirors seerri to hsve cr;nfused

the British si)ecinnens fig*::ed in l86l'rith the Canadian

syntypes. For exarnple, iiarris (1gJj :82) refers to therr

as ttthe two forins named )i,lgnnograirtus cacluceus .,.. by Sal',,er

ln 1 B5Jtt. However, they have no sta tus as types and sho.rld

therefore be di sregarded.

Finally, Bulrnants siaternent (lglZ :23rfooinote) "it
seems likeIy that the figures published by Salter in 1853

are referrable to a !td:trtnop:raptus...rf has not been

d i sputed , and appears to have gaineil gene ra1 acceptance .

Saltar s
Both Slater I e original speclnieDs r then r are probably

recllned didymograptlds.

2. The second" issue concerns lvhether D.caduceus

Salter is synonymous rvith D.gibberulus ltlicholson- As

quoted above, Nicholson 3 AIS) *ucogni sed tha t the two

species were frvery similartr but , f or rea sons shoivn above
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to be prohabLy erroneou.13r corrs'i.dered thnt Snlterrs nRme

coulri not be userJ. ill.l-es and 'ioo;l (tgOt t52rfootnote)
adrnitted that Salter.t s 2iJ:';'ro,.-rt'aolus "aSgrees e.xFrcilytt ni'"h

l'iicholson t s species, bui, pref'errecl to "re tBin i'iicnolson I s

s[)scific narne rather thnn ihe enrlier na;ne of Salter, il:
order to avoid t,i:e possibil'i-ty of any arnbigait,y. tt iluedeinnnn

(t gOl+ 2697 ) r"gardert the tuio f or.rns as conspecific.

Not sharing these vielvs, Bul.rian, in i:is rietailed
description of Syredisir s!lecirnens of ,qiqge-fu1us expressed

the doubt that trit is still rl'rcertain rvhether or not

I'iicholsonts specles is iclentlcal with ;jaltertstt, ancl he

therefore used I{icholsonts narne, Bdding that ttit is 'riith t.n"

structure of r.gibberrUs that ,rrye are f arnirlar" (tgJz,

footnote on page 23) .

Salterrs description gives only a vague outline of
the species and no to.ootypes have been described. The

identlty of D.gibberulrs 1s also not rvithout sorne confusion.

The three British specimens figured somevrhat diagrairinatically
by Nichorson in 1875 (ries 3r3a-b) were refigured by.ilres
and iToo.d (tgOtrfig.33a, listed as "typ€ specinen"; p1.II ,

figs 9br9d) together r,vith fonr other British. specirnens

referred to the species. Bulntan (lglp) included alt of
Ulles and 'l/oodfs forrns rvitirin f.gibi:rerulus but illonsen (lgll :

153-5) recognised iwo species gib_berglus and gaduqeus -
arnong the forms figured by lllles and V/ood, lvithout specif.ying

whlch forms belong to lvhich species. The distinctive
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Scandinnvian forrn describe,l and filured by i,.oberg (lAgz :

pI.Brf igs 3-7) , Tornquist (t gC.rl :pJ-. jrfigs 16-1g) and

particularl.y by ,Burrran (lglz z2jitexi-fi g.1 i p1.1 , f igs 1-5) ,
althouilh it does not closely resernble tne type specinien,

has co'ne to be regarded arl thetttypicar'r for,n of i.libberr:.1g€

(Bulrlan 1935b :30i sr.evington ig|3b:Jol).
Togetherr the tlo f ornis are reported to be worldlvirJe.

t;iost l(orth American wor.iL'rs irnve f o11o'ired Ruedemann ( t SCr+)

anri userJ Salter I s nnme r Senera liy regarding ihe two f or.i-rs

as belonging to one species (references given by ituedernann

1947 z35O). Australian and ]{ew Zealand worKers have

folloled &lcOoy (1 875) in using Galterts narner ro5lerding

Fiicholsonts species as probably conspecific (ivrcCoy 187j;
Hall 1896; ,'{arri s 193j} . SuropeBn ivriters have generally
used I'iicholsonts nalne, rnainLy restricting it to the tttypical"

forrn 8s figured by I'ioberg and Bulrnan, though several Raf,hors

have recognised in addition, rtvarieties'r of r.caducegs

arnong iJuropean rnaterial (lvionsen 19j7; Blare 1g5z).

Clear1y, both species need revision an,J a more

detalled study of their rnorphologic variation before definite
st,atements concernlng their synonyniy can be made. In
particularr f . caduceuq s.ensu st{icto u,rgently needs to be

redescribed and r Freferrablyr ppovided wi th a standsrd of

reference by nornination of a neotype (fnternatlonal Co,Je of

Zoological Nomenclature, 1964:Article 75). fn the rneantinne

the writer tentatively f'o1lows L)revious Australian worKers
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in referring Australnsian fclr:ils to l.so,gr1i?tus c,ari.rge.qg.

(Salter). A ftr.ll bibltogrnphlr ts not given here, but oan

be gnined froro llhe worics cluoted aioover particulsrly irom

Bulrnnn (l gl.z) .

I sograrrtgs ca{gq.qgs? .p,ti,mglg Harri. s

Flgs 32a-c , 36 ,nos 1 -4; pI .11 ,f igs 3 rB ,11 .

1933 f sograghqg._-qgg.ggg_ge vnr. qrir,nula Hanris :90, figs 1 ]2.
1935 Iqggraptus gadqqeqg var.pEimqla; Benson anil Keble ;287 -

1935 IsqFraqtFq,*g,e_{Sg.gug var.lungtg; Benson nnd 'Keble :288,

pl.50, fig.50.

I
t

lndentatlon f,ormed by the free ventral marglns of the elcul,a i

Seeorlglion. The rhabdosorne le sntall, and stipes are barely

devel.oped, b,eartng onl;,r 5-7 thecae ln the Largest specirnen

(ffg.}Ze). The sicula bears n f!.ne nema dp ts Sinrn ]ong.
Measu.rernents of the fOur eornpLete spec'irrrerls ar,e glven below;

the theea'e are slightly curved , eoncave ventrally, overlapplng

more than three-guartens, and highly inelined. ThecaL

apertunal margi,ns are concav6 and clentleulate; the

and flrst the'ca le relatively narrow and deep.
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Flg .r2. f eogreptus caduceus? prlrilula Harrl g.

gr smalleet speclmen, wlth barely deveroped stlp€Br

GR5. !e lntermedlate form, YQ33. 9r largest
speclmen wlth more fully developed etlpeel GRr.

All from local.l ty S2/5gAr GoLden Rldge , Aorangl

fflne Rrssr D.protoblfldus zong. All flguree r 5.

Table X. Dlmensions of fsqgraptus _caduceus primula.

t
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Spec.
Ilo.

Sicu1a ],taximun
sttpe
rvi d th

Nurnbe r of
pendant
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I{umbe r of
thecae

per stlpe
length width at

ape r t ure

GR]

GR4

GR5

vG33

3 .1+

J.O

2.5

3.2

0.50

0.i+5

0.40

o .55

1.6 I
5+

5?

6+

5-7

3-4

2-3

3-4
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-ne three snnrllier lielson soecirnens (GR4, GR5,

vW3) mntch t,he snrnllr:r of ihe t'ffo ;3pecinir:ns fig.tred by

i{arris (lg:l z j1z, f ig.1 ) . -he lnrJer ;,e1Bon specirnen (cnf )

differs frorn iiarrisrs Inr{er speciinen (rig.z) in having

wider stipes, but tirere is litt1e rJoubt tnat iire Iielsoii

speci;nens aIl belong to one population nno;iiost closely
rnatch his rrvarietyil ]rrirnuln.

f .c.? prirriula difr'ers frorri f .c.1lr:ntar of the

succeeding zone, in having stlpes which do not grow to rnore

than 2 or Jmrn long. Proxirnal l;hecae are inelined at a

higher angie than in iuna tq, and there are nlore pendant

thecae. Its short stipes serve to distinguish it frorn

mature forms of other isograptids.

I.c.? pginnula is the earliest representative of
Igograrrtug in the Vlctorian sequence and i{arris considered

it to ire the first stage of I lineage giving rise to the

large varieties of !.caduce',r.s in the Castlemainian'and

Yapeenian stages. *he subspecles i.s the earliest fsorTrnptus

in the Nelson sequence also, but is less obviously related

to the succeeding subspecies, lunata, and its position in the

caduceus l.ineage is tentative. I.c,? prirnula mcst closely

resembles f . iqirlqtq and is probably tne ancestor of that

species (compare flgs 3b nos 4 and 29). The large iorm

(ffg.32c) n"ars striring resenrblance to the well known

European species, I.gibberul*s i\ichol.son and sLlggests that
gihberulus and fqg_!!-ta niBy have hnd a cortrnon ancestor.
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Egli,?on, 9n -ggg-1i=ties. Th-e four ;jpecirirsns Bre from

1oe nrity 'i2/586, in the D. protobif illu=s t,one. ^he subspesies

is.kRown from, Australns:.a only. Benson and fieble {1%5 :

2ST) ruport,ed the forrn fro,ri the C5 aone (=ChZ) of
Pre s's rvn t l gn Inle t . 'nh€ s pecirnen f igured b}r thern as

I,:.g.tgn?..!4 (p1 .2 rfLg-30) rnore c1ose1,]r resernbles grimrrl,A.

I r c,.,? pti..Iul,e i s known f rorn the upper Chewtoni an ( Crra ) ana

lower Castlemalnj.an (Cat ) of Victorla.

fsograntus cafuceus,J-upatA I{arrls, 19j3.

!'Lgs 33a-b; 36rnos,5-9; pl .lulrfigs 5rTr1lZ.

19J3

19u7

I,Egrrrnn tus_ca d *go,us var. lunnta Harrls :gOrftgs 3-6.

? 1953

1953

Iqorlrnctqs e,ntl.'urqeuF I R,ue'Jernann (pars. ) z 55A4 n F1. 57 t

figs 1Or11? only. .

IgoFraotgs,lqna,f,a; $p jeldnaes t176rpl. I lfLg, Ji text-
f,lg 

" 
'l D.

I . norvegigus; sB jeldnaes ( pars. ) t174, 6, pl. I , figs z ,

4; text-flgs'f brcr (not pI.1 rfng. 6; text,-fig.1f),

Deecllpti.pn. The rhabdosorne 1s of variabte stze, gdneralLy

U-shapedl. A ilo,ma ls present in rnost sBeclmens, the longest

belng 8mm long. nhe siaula beare a ilenticle or blunt

spine and j. s 2-2. lrnm (l .5-3. 5mrn) long . iili d th of the e i c ula

.a 
t l ts ape rture r,anges from 0. lmm i n f orms r,:'ri. th short
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FlS.33. .IE-g.graptus caduceue-lunata Harrls. 9r early

growth stage of a large form, lD whlch the sicula and

f irst theca al'e alrnost fully developed ) x 9. YG35 t

loeallty S2/5g3r Aorangl itilne area. Er Boture stage

of F 6nia1l f orm, x 10. VCJI , locallty S2/579, Aorangl

ir.lne area. Foth f rorn zofia of I. c.lunata '

:
:

f; \-.
l-rt'l

a- r-VY-
a
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sicuiae to o. Brnrn in for,:;.s il'i t,h Large ;i cuiae. _.is a

general ru.le, tr1€ lflal,ler rna ciosoiflss are those lvith the
shorter ancl narroirer sic;iao. 'lhe distal portions of the

sicula anri first theca are c,:rrred a.ile:f frorn each otner,
their f ree ventral, vral1s iorming a ivirle, but not deep

inrlerrtation. The origlins of theca 12 n11d theca 21 cannot

be seen' but the general aspect of the proxirnal end (figs
33aru) suggests that derrelopnlent is of isograptid +,Jrpe

( Bulrnan 1 955) .

The nurnber of pendent tnecae ranges fronr ?_ to 6,
most forns having 3 or 4 ( see f1g. JB) . Stipes a re of even

width, and range from 1.zmn wile and {,iln rong in small
forms, to 2mm wide and up to 9nm long in large forns (rtg.
39). stipes are alrvays curved upwarris, the degree of
curvature and angle of divergence verying widery from

speclmen to specimen.

Thecal spacingr lo€asd,rable in the large fornrs only,
is 5 ln 5mm. Thecal verrtr"al walls sl,ightly or niocjerately

concave r thecal aperturai msrgins concFve and denticulate.
Distal thecae are incl,lned frclni 25o at their originsr op to
75o neFr their apertures, rvhile the corresponcling inclination
of proximal thecae is sli.ghtly grea ter.

Disgussl-on. f .c.lunata is cornpr:isecl of those rnembers of
I . caduceus in the lower part of zone 5 (approxirna iely the

lower 35f t) , at Aorangi rliine. Tire }ielson specirnens are

consldered to represent I population with a wide and
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contlnuous rnilge of nfor'1',iro1ogi-r: vi.;riai;ion, hnrdly. any two

speclfimrrs 'oei1165 irlent j.cal.

-he four type G[:r]cj.:ilens figured' by llarris (lgsl :1,12,

fi.gs 3-6) inOicate constrJerable varintion a1so, hj.s f,igures

5 encl 6 clc.rsely resen:irllng t,tie co,mn:on lieiv Tea1p-ncJ f orrns.

Frorl hls figures 3 efrd 4r it fipi:earl:r t]:nt ,so,fi€ r.rictgr:ian

speciniens hrave s greaier nurnber of pendnnt thecffe than that
sbovrn by any lIeIEon forms t Eiving g t crosrde,d r a.spect to

the pnoxinal reglon. The nu,rnber of pendent thecae cnnnot be

ac'c!.rra t'elJr cJete'rmtned froni i]arri s t s f igures howev€Tr snd no

d j-rect cornparlson san be mpde wL thout re-examlnlng the

t;rpes.
'rn a few Nelson $pecl;nens (rig.36 nor5) tire stlBes

taper distally snd the sleiila anC fi rst theca are relatively
long r Siving the rha bdosorno a v-shape ra ther than {J-shape .

The speclmens approach the Ia ter species I.,iniJ. t,a-ia and .are

thought to prubably ropresent fsrnis transitlonal between

qf i.mulg and imi. ta tg. The c ommon f orm of l una ta however ,
(rig .36, no.7) ts that rvhich gave rlse to the L.-caduceus

vlotorlae - (rralimodivengens llneage (fie.bi{ ) .

Sorne of the srnalL Nelson srpecimens.vrtth few pendant

theoae reEemble irr general aspect D. eoqadupegg Harrls or

D.hemlc;Tclue IIaruls. fhey are readily dtstingulshed by

the syrnmetrical arrangernent of the sicula and theca 11 (ffg.
l

JO) .
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ofStri-b,{fg!. The s[,6eLrfltrr] froni Freser,\iatlon Inlet figurecl I

arld', KebLe
by Benson TUlss :pr.Jorfl t,3o) ru r. g.*].4i:ltfl belongs to
pr.imu.l,a, speclmens frorr., the Deephtlr sl"lale listed by

Ruedemann (lgul ;pl.5T,fige 10, ?11) as J,,cagucqus ploeely
rese;n Ie Ferry ?,ealnnrl ineffrl'letrs of T, e,llinglg, trlough the

subspecie's wss not recorded by Rerr;, (r g6ea) in hls revlslon
of the bi ostra tigr,ephy of the Deepki rl sha le .

Ths forrn descrih,ed by spjeLclnnee '{lgDil as,,rsqgrqptus

-litna tatt f rom tf lraSrer If I tr pf the upper part of ihe Lower

Di4vmonrerBtqe sfiare (:tr) at slenilnestait , oel,o, diffe.rs
Effgtrtfy from the larger Nelson forrns in havlng;nore penrJagt

thecae, arrd in the angle of thecal" incllnatlon belng gene.ua1l1'

higher. His figunes (particularry figs 1b-Gr Fl.1rftgs z,
l+) of I.nof]efij.'cu$ ;llsnsen from frjuet belowttLaye,r III Clriaely
match the intenmed ia te and sma 11 Ne lson mernbers of lunata

-

( see f tg. 36, nos 5 ,il 
:Range of the species i.n Victoria ls glven by Thomas

(t g0o ehartrp.18) 
"s rower castremaini.an (cat -z). i

Lpcall t les anfl ,hor.iagq . gl/1162, 55:., i7O, 5Tg, Dgl, 5OOn

5ot , 6oa , 1oj , 6zj. zone 5 ( Iovre r) .
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Isofrr*ntu,$ cFrdiJ(:e ..ls victcr.j is l*iarris, i931.

F'ig .34 ; j5 , nos 1C-15 .

t
1 933 Isolira'.lt,,-ls gr,J,.tceuseus var. viclor.i.ee iiart-is :90rfigs

7-1 o.

The rhnirclcsonre is of valiab1e size, generFlly
U-shaped, arrc''i comnionly i:ears a Iong stouii, nenln. nhe

sicula l:anges in lerrgtl-r fron ? to qnn;i:, in niost for:;tis being

i-3.5niin long anC 0.Einnl rvide ert the nperture. A prominent

denticre tahes up + to + of ilie total sicule ieng;th. -he

inCentaiiori betureen tne free ventral 'na11s o.r1' tire sicirla
anci t'he first thieca is wj-ce arrcl dee.o. In rrrrrny specinrerrs

this is partly tfilled inr, -presurriably by a'reb of peridel.i]I.

iiiost rhabdosomes have 5-7 perrdant thecae in the proxiniat

region.

i\.

I
I
I
I

Flg. Ji{ . I sosraptue cad uceue

vlctorlag Harrls. . i,{atune,

moderately largee sllghtly
dlstorted rhabdoeome, the

relatlve shortenlng dlrect-
lon belng lower left to upper

rlght I r 5. VG45, locallty
S2/599, Aorangl Mlne area,

f. c. vletoriag zoneo

'f - - 
t'',

l.: --

/

- **-' ')
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The stipes flr'e of even rvitlth, except for the rJlstel

3 or r+n:m r;u'here the thocae at's incoinple-*,el.lr developed. They

curve upr/ards, the disl;aI porl;ions gener.elly diverging at

J1 Oo- 35Oo , in sori're s.oeciiii€ils beco,uir:g paralLel or even

convergent. Stipe ';,'ici th in irrosi I'oriirs is 2.4 2.Jnrn,

but ranges from 1.0-i.Oinrn, g€uereitrlr ceing $reatest in

rhabdosornes of largest overall size. Grentest stipe length

i s 1 Znni.

nhecae are spaced 1 1 in l Oitrir irr the mid-portions

of the stipes. nhey Ere nroderntely to strongly curved,

distel thecae being incl-ined from 2Oo at thelr origir,s to

9O-1OOo near their apertures. The incl.inatiorr of proxirral

thecae is not, easily ntsBsured cut is greaier. Ai)ertural

rtiargirrs sre strongly concave, alrr.i ars exiended into
prominent denticles a t the i r j unc ti ons vri th ventral thecal

margirrs.

I
C om pose ol

Discussion. I. e.viel_orrge is +enbr-f-ee+

of I . cad user"ts irr the upper part of zone

of those specimens

5 (approxin:a tely
the upper 5Of t of member Aii.2) at Aorangi lr,ine. The

population represented differs froi'n that of'I.e.lunata in

the lower part of the zone, in conta ining $eneraIIy lar'ger

forms with a greater nuniber of pendant thecae (figs 35r38,

39). In glctoriae, thecae attain R hi6lher angle of

incllnation and have more overlap than in lunata; the most

comrnon or tttypicaltf forms of each subspecies are easlly
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C j.stitrg;ished, but the srirflLlest rnerr:bers of victoriae are

of sirnilar size to th.e largest, iL'Leii.rer.s cf Irnat;a. The fer,;

large for'rrs froi;r tlie hrgri-est fossilifero'Js horrzon of the

zLir)e (tocality S2/565) approaeh I. e.rr;F:;irci,i Harris ano sre

only tentatively inclr:ded rvii;hj-n v'j c1;orirrg.

i{a rris t s four, flgured specj.rnens (p, 1 1 2, figs 7-1 O)

lndicaie a similar range of niorphology to tha i sho,;rn by tl:e
I eL son rnate ri a1 .

DisJrj-buliion. f .c.vj.cr"oriae has been recor,jed fr,oin the

l-oiver pBI.t of tjre Fort ?ena Iior,tiation (zorle of Isogrri,otus

c duceus) in the i,,sra'r,hon secfuence of Texas, nyT*r.y (lgeoa) ,+

h'r* *h-: rrL,!r (, L.ii,' u1;Bciriien f igured b)' h-rn (p1. 11 ,fiE. 7) rr:ore closel-;;

rtlsembies the La:i;gr' siul:species :.,F>:ir,,odi.,'r;lfli: nr] (see fiir'.35, no.

lZ); it is associateC'ni1,h Cat'rJiu.l:'iict,Js i;ic,L.sus, f .c.Civcr;.:(::i,r

I,c.rni-'ixl'.r-nodiverp:errs, and C.nccrr:ant,us ulsj.lgl:r, all of l;hich

firsi' appear at q leter horizon than that of .vie,tc,riee in
Australasie. Ross and Ferry USAS) "*corrled 

I. crrdeceus cf .

var.victoriae from the Palmetto Forii:aiiorr, Busir: Ranges,

ifesiern U.S,A. Klndle and iThittirrgton (tgfg) recorded the

form from NeivfouRdland; I. cs\rar.. vicicriae was listed from

the top of thelr section at ivlartin Pt, a.nd r,.e.cf.vep.
victoriee fro;n locelity (f ) at St Paulf s Inlei.

r.c.cf.vaq.victor_iag has been lisied froni R,ioux

Quarry, near corn ansville , sou'ihern Q,uebec, by p.iva UgAa i

221), togeiher uvlth ttl."f,ce{use'.r.stt. Jaikson (lg6L+ z9?j, flg.
1) recorcled the subspecies fr.orr nee.r. the base of the zone
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of I.caduceus, Bt l:he t.lfpe 1ocr, .l-i-tir of, the Roacl River
Fornra tion in the Richnrdson ,l,,rlunt.ri-ns, llorthern liukon,

and Jnci.,son, Steen nrrd S.t'ker.; (l gfrr) f i sted it f rom Cloud_

mai':'er ,'lountairr (zane of f . cid.ieeus) iri north-eastern British
Colurnbia.

ITorizon en,J Iocnlit,ies. 32/529, 5Z9r 5J1 , jtrj, 599, 61O,

617 , 61 B , 619, 5zo, 621 . All are f ri;r, the upper part, of
zone 5. It has also been collected fro;n 37/517 at "{Iriot
Creek from beds corr.ela ted 'si ih zone j.

rsograntus cadaceu.s ria.xin,odivergens ;iarrisr,,lgjj.
Figs 35a-f , j6rnos 16-24; pI.llrfigs 1rZ.

?1931 Diclrmograptus (f sosraotus) e.aduceus SaIter emend.van;

Bulrr.an ;l+2-3, texi-fig .j7 .

1933 lsograirtus cnduceus var.ril,?xlri:odirrergens liarris ,.91 ,

f ig .13.

191+7 I . walc ot torug Rued emann (pa rs . ) 2354, FI .57, f igs 26?

292 3O-3€' (not figo 27 ,ZE) .

196Oa f .caduceus var.maxi;lodivergens; Berry 267, pI.1 1,fLg.
11.

1gfi I.caduceus cf. I.c.var.rraxiinodiverggns; Ross and Berry:

93, pl.5 , f1g. 1 4.

1951+ I . caduceus va r. max imod ive rgens ; Jacks on , f Lg.31n o.9.

Deseription. The rhabdosome is rarge, u- to v-shaped, and
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iillg.35. f gog'raptus cRduceus nraxtmodtver.gens Harule.

3r lncomplete, meture rhabdosorne i x i. VG55;

!-9, growth stagesl x 5. !, 
'slcu1a 

anct lntttal bud;

VG59. 9r later stage; VGl\. g, stage ln whlch the

slcu1a and flrst theca have near1y reached thelr full
length; VG68. g.r stage ln which the proximal thecae

are alnost fully formed, wlt,h the lndentatlon between

the slcula and flrst theca stlll open. !r stage ln

whlch the proxtmal reglon ts fully formed and the

vent,ral lndentatlon has been flllecl by a web of

perlderm. All speclrnens from loenllty .52/552, Aorangl

ivilne Frea, f . e.maxtmodlverf,eng zone.
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comrronly'oears a snorl; nrlrlia. ''he ,lic,ila rarr6ies from j.5-

5.Olmt long, but in most for';r,s is 4.C-!.,1);rirrr long Brrrl 0.5-C.8r,rr^

uiide nt the aperture. f ri flifilr;.r ;rifl t,lre spocinlens f ruin zene 7

tne sicula nnd proxirlal- portiorr oi'1;he ne;na are ennlesheo in
a uveb, tne t?Rxilar filrritt of Iiarris, ',','{tich gerlerelly extenCs

to the dorsal stipe iurrrr' ins (f ig .36 rnos 22 t2q) . Probably

I thin s;ireet of periderlil, the r';eir is noi present 1n eer.ly

groivth stages and is rri)par.ently forrled onl;r after rlaturit;r
of the rhabclosorne has been reachecl . The in,:lentation forined

by the f ree ventrnl rnR I'gins of the sicela and the f irs t
theca is partly bridged by a si;nilar lr,eb of peridersr l-eaving

in rtiost forrr.,sr Bn excavatlon onI;,r s1i.ghtly rJeeper then that

for;ried by e thecal sper'ture. l'ornation of the v,'eb follows
shortly af ter the proxir:nnl tirecae are fully developed ( figs
35e, f ) . The number of pendant theeae in the proxin:nl re,o'i on

ranges from 7 to 12, rnost forms having E or 9 (rie.J8).
Stipe width is rernarkably variable, both rvithin

irtdividual silecirnens, and frorn speciinen to specirnen. ;itipes
are genera lfy narrolvest at their noi-nts of ntaximum f lexure ,

in the proxintal region, and widest in the middle tnird of
their length. Proxinial wid th is generally about thr:ee-

q.uarters maximum wid th which is 4-5nrt in rnost f orrns ( f ig. j9) .

The stipe s of a f ew excepti onal speciirrers widerr and narroy,

repeatedly along their lengih.
nhe direction of grourth of the stipes is also

variable both within, and hetween speciirrsns. Irollolting the

sharp inltial concave curvat,ure, the dorsal stipe inRrgins
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genernlllt shol'r F 83nt1c eorivex r€culvrrturer Ff1,el. lvhieh they
beconre straigLht orr less coiiii;ionlyr !,elrtry i.rexuous. rn I
few speciniens f rcrii zone 5, thr: r:loi.snl- stipe n:.nrgins ref,ain
concBve ciJrvRture trrrouiino:t f,hci r' grorvth, oecorriing al.inost
para11e1. The sii;res of i.,oijt specii,,sns; f,ro:rr zOne 7 n1"e

straig'ht and sharrry i'leved in t:rc.!-.,r:o.:.:i;lial re1liorr.
Divergence engle generalry ranges fr(,rn nboui J5oo to about,

31Ao.

Thecae are spaced 9_lO in
curved, inelir:ation ranging f.ront

up to 9O-1 OOo near their Fpert:re
their entire length. ThecnI aDe

ancl are prorlinently clenticulate.

1 Onrm a nd Fi rg s trongly

about zCo at ineir origins
s. They overlap alrLtost

rtures are strongly concave

)iscussion. Specimer:s of f sop'rantus cnrJuceus s€flsrl. 1a to
froin zones 6 and 7 comprise iwo distinct groups, r.c.nlaxirr.o-
d iverp:ens, and f . irrii ta ta (f iS .3(r). ..,ost spec inrens in the
first group resernble Harrists figure of var.rnaxi-riioiliveggens
(Iiarris 1933., f ig .1j); hoirever a few fornrs f rorn zone 6, in
whlch sttpe uridth is nefir1y:onstnnt (fig.36rno.17), more

closely rflatch his f igure 12, maxirna, while others from zones
6 and 7 (f ie .36 rnos 21 and 22) re sernble his f igs 14 and 17 ,
divergens. 'rrhey are linited witir tlre rnost cofiunon forni by

lnterniediates, etnd 8re regarded here Bs tvnriants t , or rne'rbersr

of a variable lJopulation cer'ttred Broand for;ns which corr,espond
to niaximodivergens t rot,her than as distinct sabspecies.
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:'ew fossils havg i:eeD f'c;unri in st,rata frorn lvhich

the subspeeies lnr;siiira ri,ip*'h'1i be expecied (lorver part ot- merrrber

AiriJ at Aorangi i'iine ) nccord inr{ to i ts strn tii,;raphic
positlon in \rictoria (tno,'ios 19bC) - nrru it is S,robable il-rat

the a.opar'ent nbsence of riopaLations of' this subspecies fr,orii

l'ielson is the re.qult of non-presurvaticinr or incuniplete

sainpling. Prevlouil records of f . c_r!14li1ira frorn lielson are

based on felv specirirens (l,r"son Errd iieble l%6; .iltylarKo 1962)

anii are indefinite. .

The subspecies i s distingui shecl froni the earlier
f ortn, vietoriae, froi,i which it has tlesceiided, by its larger
overall size, i.ts oroader stipes r aD(l by the ini iial increase
in stlpe ividth.

Tire initial divergence rngle of stipes in ? few

specirnens from zone 6 (rig .36 rno. pl ) is 3600 , becorning less
di stally ivi th the convex curv.rture of the dorsal stipe
margin. The speciinens are pFrticularly interesting as the;'
approach the Cncograotus rhabdosome','rith an initial biserial
portion, and aecord urith i{arris I s suggestion (lgSl 295-6)

that Oncograptus was derived from I. c. irraxirriodivergens.

Bulman t s evidence (lg:ea) f or a tlrrinritive' Irre-niinutus
stage of development in Cncoqrnotus ho'irever, apperently
contradlcts Iiarrls t s sliggestion, and the derivation of
Cneofira'ptus 1s st111 uncertain.

Dlstribution. Ruedernann t s f ig,rres of Irg.tlcottorum from the
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G Lelrogle eh nle , Rri t i sl: Cglulrr'oia , nno f r.om Nevada (,nueOeinaRn

1947 : pI. 57 , f igs 2{:-j6) oijree rr;i.th llarrl s ' s ii gure of
I eaduce,us var.ii'inxj !!.oriiyeqge-it,s (BerrSr 196Oa 267) , urlth the

exce_ption of f,igs ?7 and 2B v;liich .L.robabl-y repressnt

man,ubriate species of Teqgraotus. Turnerts i..rribberulus
vFr.a (tgeO z82, pI.9rfig.6) r'trorn r:rr51entina, ivhlch ts stated

to bear' ttcertein sinrllarities to I.,';lf pottorurntf probnbly

also'oelongs to q,axlillo.Zr9grgen-8.

i{arris (lgSS) records rla}r^ijnorliverrenE fron:i the upper

Oaetlenniniart nnd Yapeenlan of Vietoria. Bgrry .(tg5Oa 3

57 , pI.1 rl , f ig.7) ciescribed the f ornn froom zone B in the

Ivlarathon se,quence, Texas, anri Ross nnd ,Berry (lg6J :gj, pI,5r
f ig .14) *ucorded lt frorn the Tla sin Ranges (pni l.leppa

Formation).

Fulman (tg3t ,.4?-3rtext-fig.17) rres described and

f i.gured an lncornpl-e te pecitRen whicir proba bly corrssponds

to,11gl.ir!g.g-!verqenBl ff,rortr the ttlower Llanvirnianrr beds of
Korpa, BolLvia. The cpsci.nien was aubociafed with
Didrniosf pptus murchi spni. va r. serFinqg.

Jaclison (tg6h ;fig.5rno.9) flgured a specfunen frorrl the
ttI. oRduceus Z'one, Glenogle Fornrationrt, Britlsh Colurnbia,

which closely re sembles Nelso,n mernbe rs of the subap:ee les

.. f rom aone 7 . f . catluc_eug cf . ruaximodiveEqgEg hee been li stecl

by l(lndIe 6ild Tfhi ttington (l gSA) from Nenf ounrlland ( fro,n

Bed 13 on Oow Head Feninsula n nnd t-rorn localit3r (l) at st.
P,aulrs fnlet).
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Flg.35. Isograptus caduceus (sarter), and related forms.

A11 speclmens f rorn Aorangi Sitne, all f tgures x 2. !'lgures

of the subspeeles p"rlmuls, lunata and vietorlae are

arranged wl th the most eommon f orrns ln the centre of each

groupr the smallegt forrns at Ieft, largest forrns at right.
1-h,, I. caduceue ?prlgEla'' Harrl e. 1_, GR5 . ?, VG33.

1, GR4. !,, GR-5. All from locall ty 32/585.

2-2, f . caduceus lunata Harrt s. 2, VG1 07, localt ty g2/593 .

6, veJt, 10ca1ity g2/579. Z, VG37, 10ca11ty 32/562.

8, vG136, loealtty S2/5O2. 2, VGJ9, localtty SZ/j52.

19-lJ, I . cadueeqg vlctoriae Harrls. 19, VG]S , S2/565.

11 , VG45 r sllghtly dlstorted relatlvely shortened fnorn

upper left to lower rlght. 73., vG42, tocaltty s2/599.

!j, VC44r sllghtly dlstorted - relatlvely shortened frorn

upper rlght to lower lef t. 1_4,, VG4-5, loca 11 ty S2/599 .

!5,1argeform,VGittr1oca11tyS2/555.(?=@Harrts).
16-24. I.cqduceue rnaxlmodlverAens Harrls. 16, VG48. !7,
vc5t . 1 I, vo54 . !2, vc4g . 20, vG47 . 21 , VG52.

15-4, frorn locallty S2/552. 4, vC54, locallty SZ/51+O.

4, VG5O, locallty S2/5t/,5. 4,, VCi+5, Iocaltty SZ/04O.

/\-P.rfr,, I. 1_gltata llarrle. ry16., ttforclplfor'nlstr

variants, locallty 3,2/jDZ. E, vG55 . 26, VG6Z. Z,
speclrnen with thickened ventral thecal rnarglDsr vG55,

locali ty S2/552. 39- 19, conunon f orine, locall ty SZ/jjz.

&, vG58 . 29, vG59, typlcal f orm . N., vG61 . Zl, GR8,

loca llty 32/51+0 ,

31-32t2\, f .aff.!q1tata.

2,, Ve5o , loe a li ty S2/552 .

11 , YG57, localtty 32/552,.

3!., YG133 t loc all ty s2/51+o .
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4q{laqn an1 locn}lLlgg. sz/5p, 53?, 533, 5j5, 5i+o, 544,

5t15 r 5L*6, 5t+8, 552, 553, 557 , 598, 55g , 55C , 551 , 576, 584,

587 , 598 , 5o8, 529, 63a; G7/517 . Associated f orrns,

Te.trSrrrgntug cf . se.Erg , n. aff . leg"tsry.lnir T. Bif . chryggnl,

GO4lgfrrglus rnecsl. *. thurg.g4f , DiftrrloJlr"npt..ts SF. (e*tensi-

forrn) , ISo.er?rirtus i:.riitntE. I.afll. inii+,a ba, I,-durnosrrs,

f . has tRlgE, and f . spp.6ff . rnerngi:rlelus;. I. e-. rnnxi'nodivergenE

is the rnost Gofirrrioo form in zones 6 and 7,, to lvhioh it is
c onfined .

Isogrnr:tas imitntn linrris, 1933.

Fig.3Srnos 254Ar33; figs 37a-b; pI.1't ,figs 6r9r10.

1933 I,.cadqc,guq var. inli,tatq llarr.is 292-3, f igs 55-9.

1 961 l"Jg.Eg,Ipr-egfr,tg var. hart"ig! Skwariro !.1 06, flg.11.

De sc rlp ti on . ryhe rhabd os ome 1s generally V-shnped and srna 1I ,

the greate st ' dlrnensirrn being under 1 crn. The sleula

c ommonly' bea rs a thin slrort nerna , and ran€r,e s in length f norn

2.0-4.Zrnm, most forms irnvlng sleulae 2.5-3.5rrun long, and

O.4mm wlde qt the- nperture. The lndentatlon between the

free ventral walls of the sieula nnd first theca ie narrow

and deepe flnrl both the slcu1a and flnst theea bear

c onsplcuous apertural dent j. cle e u.p t o 1 mrn lbng. The nurnc-er

of ponrJnnt thecae ranfl6s- from 2 to 6, but rnost forms have
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l-l or 5 (fiS.JE). ''he r:'i,i'r.:sr af't,yi. tnei-r- ,sirarp ini.tial

flexJrrl r t'€r'itai6 rj'iI,r,i i,1ili. i-,f oti1lr slight,ly curved, generally

d j.vergin,q n1: 3OC-j jCo ,.-'l vii;r f,;re litallicsDliie its characterisiic
tVt shop€. -lle;;l pr9 r';iJesil ir't tiie si-cu1or ruflion, ancj

trpet. d:-l;talI;r, ltteesriri-r:1i irbout 1. j,iri, i;i je qt t,he 1eve1 of

the lrd or 4th iheca.
Thecae Frs r;pnced n'oo;11 )1 i.n qi;lin. -he initinl one

or two tnecFe of eech brr,nch Are rei..'r,i.vely 1on;; nnC nrlarij/

silraigh t r and are f olIov'ied oy shortcr", curved ihecee whicir

ars hiilhiy incl-ineii to .',he si,ii;e axis. DistnI ihecne are

less srlrved n:rd Fr"e inc l-ined at liiver nngies. Thecal 8y*dri-

ures Fre concave anrl rrrafri€,Jl.lr deniiculnte,

Flg .57. Ha rrl s. 9r lmma turne

rhabdoaome, ln whlch proxlmal thecae are clearly
outllned; VG5O. E, mature, lncompletely preserved

rhabdoeome; Ve88. Both speclrnene frorn localtty
32/5521 Aonangl idlne Froa. I.c.rrarlmodlvergene Zonso

Both flguree x 5.
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{',rT,f.e'l tO I. iii,L ro i,q ff r:rn t,One 6

Ft'c r.roit:iid:r-9d to rrji)r'e;j'?rii !1 t.f!1.:titrL-,le 1jo!rulction, the itiost

co;'r.rrioD for.;.s of r','iij-cr, (li;..'2(t,nos ?lrjO) ofree lve11 lvlth

iiarrists i11 rsiratjLcns oj- t!rr: t;'1:e rjpllcii:ens (iinrris 1933,

f igs j5-9) .

the shnpe oi its si,ipes tire;' arr: *'iJesi itt:.he sic;1rrr
retionr FDcJ ta1:el',list;='IIv. nhe i,ypicnl, tiroti;'h nob

i nvariable, V-shnpe of ihe rhn l:dosoms togeiher I'ii th i ts

snia1l size also drstingaishes it fro;n s.rbspecies of f .eadug-

euq in i\elson, aud it is irere givetr full .si)ecies ranrt. .

'I .imitata varies consiiere;tIy in shngte, and vBrients

approach several ,f escrioed srlecies.

Specirfi€ns f'rol,r zune T lrave a riofo roirnded venirel

margin in the proxlrnal regj.on nrrd reseinbl,e in fleneral snnpe,

P.uedernnnnt s fllrstrations of i. endurl€trs nrut. nanur; F,uede;itann

(tgo/+ :,598, pI .l::rfigs 8r9). The jielson speeimens dlffer
in hnvlng irore ful1y developed .sti1:es.

In a few speciinens fror'n zone 5 proximal thecae

are longer than nverage anrJ stipes are sharply flexed and

rnore reclineC ( see f ig .36 rnos 25-B) . The peri,Jer:n nppears

to be thicuened in the region of the ventral thecal margin,

an,J the ventral inrientatt on bet\Teen the slcula and iirst
theca is almost coiiipletely clossd. f n general shnpe the

speclmens approach I. forcl'oi-lorrnis F.uedemann (t gOU :p1. 15 t

f igs 1O-1il and suppcrt Ruerlernnnn t s statenrent (t gOq 2699)

that forcigllorrnis is a'derivative of Is.o,qrgEtus of the

caduceus type.
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.'lpeCi.:iten \'(l,jC (,:"t,',.3'7r,') lI'u;it zAi-tg {: t 'i,'itif itiot"g

il8nCnpl; t.'jeoae ih*tr ,tv,.jl':-i' J, is ^,iit: ci,ls.;s'" .itetch tO thS

rve11 l.incr,rin juro!*ari s!),.lci:s T.1it.g:ttLrl-:is',icnolson (co,npere

fillures 'oy I'ulrrinn 19j?r?l-.8rfi1.; 3r\), :,ret, rJescrined from

AustrninsiB. It is clislinEui-shtli i:y l,nvinr" lle'.'1,:r thecae

-'i n *h.: !1 vrnLLr u:r\, 1,r r.Jxiinal re.;ion nt:ll bJ,t Lhe li.tlier ir:clinntlon oi'

9i"tn1 t,hecae. The si;iiilarity oetwcen i.irr,j.iat,a nnd I.

4Lbber..il-irs v,'BS notice,j indepenCently oy Jr" D. rjri€vington

( pe rs . c oinrtt. ) n ncl ths ','r r i te r' .

,/hile ihe conte;,,poraneous forin I . e . rnR ;{i,ir9'l__l-y_gli:eeEr

can be reBrliIy relnted to Llreceding sabspecies of I. cnditceus t

I. initata I s Fncestry is noi so easily traeerJ. iiarri s

regarded it as a trcatFgdnetic vc4lriety?t of f .cnduqs'Js_ and

iirrplietl llhat it evotved fr,r,:rt an earlier sabs!lecies (victor!1q

or lunata). In il-slrera1 accorilance rriith ilarrisrs vi'erv, the

writer ientativel;r consioers it io have descended frotn

f . c. ? primula in zone 4 t throuiih such f orrns Rs the V-shnpe d

spccj-men of I.c.lunata (fig.35rno.5)in zone 5, becoming R

4+
distinct species in zone 6 (se"- fig.rt).

Skwarico t s descri pt i on nnd lllustration of f . f orcin!-
f ornis v8r. harriqi $kwarko UgAl :1 05, f ig.4) fro,ri the

Aorangi iJine area Nelson, agree/ welt rvith larger rremhers

of I. t,nj-tata. Under the 1964 International Code of

Zoological Nomenclaturer vflrieties publishetl after 1960 sre

to be regarded as oi infrasubspecific ranit; "var.lgprieittis
here included in I.irnitatF.
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!!g,lriilutLo!. The :ii)€cies hns not;'n$en reeognised ouisirJe

.Australesia , but i: ts f ull rqngs ,iiny no t be .so r$s tric ted.

In $outh ;lmenlcn, Turner (t g"O : E5-u r irl. !, f igs 1O,'l 1? )

described a similar forra as Ioqilr,F[,t'*n fi'n?er'iil..rg -var.g fro,rt
rflo',rrer Llnnvirnigntt berls. llis fi6l'.rre 1O closelyr nintches

Ne 1 a ot'l rnentbe rs of Lj-qjlt'r t'g f'ro,,T i z one 7 .

Hpnia.on_qncl locglities. s?/535, 5q0 , 5l+5, 552, 55j, 559,

561 , 55S , 629. Associated forlns, I. c.rnarir'trgdiver:iregs,

Gqqiograolqq_ thqrygg!, IetranragLus cf . $erra , !. af f . lgllgJg.
A bundant in zane 6, corilnolt in zsne 7 , and one speeirnen fronr

'Bo,ne B.

T soglaptuq aff . f n irnita tn, Horris, 1933

h'ig .35, n os 31 -32,14 .

af f .1933 Iq,osrLotgs, cqduceus var. intllgtn Harrls z9?-3, figs

55-9. 
.

1962 I.cadugeus var.rdivergqns; B1nke 2231-2, pI,1rflgs
8-9; pl. 2, ftgs 71 ?'8.

1963 I . qqdge g'us' cf . I ., c' VBr. Q;!qe{seRg; Ros s and Berry :

pL.5rflg.22,-

Qegeript,lon, nnd ,Rernq-rk$. Associ.ated erlth I.,iIttata'' ln zones

6 and V ls' a srnalL group of f ornrs: whi clr tt if fer sLlghtly
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from the rcain population ln bearing relatlvely bnoad, long

stralght sti-pes, whlch ers para11el'-sided after their sharp

initial fLexure. Average stipe vrldth ls 2.O-?.!rffn, naxLlnurrr

length belng 1jrm. Thecae are spaced 1c in 1orrun. .As in
I.inji.tF,ta, the sti.pes are ,tiridest in the prcixinral region, a

feetunevrhichd.iet,irrguishesthefornnfrorr@
Iisrris n ilt wlrich the sttpes afe conspi,cuously n,arrorlr in the

proxln:al reglon (tlaruis 1g3j, flgs 14-1 I) .

The spqeirnen figured bJn Rsss nnd Beruy UgAl :F1.5,
fig.22) us Le.dlvgrgen.s, from Fine valrey quadrangle,

Iievada, has etS.pes which are widest ai their proxlnral ends,

aRd thus sannot be referred to rllversels. The specimerr

lLstehes those l{el-son fornis of I.aff.in:Ltata, vrith fiFitrrori

l;1, I pLlB.

Blaka (lgSz elj-?., pI.lrfigs Br9; pl.Znfigs TrB')

figlr'ed four specimens fronn tlre Bogo,Shale of i,he ErondheLnl

reglon, .Tonwa5rr FS ."cFdFceus vBr. d:tggtgeng liarris. I+rs;rr

his'flgures the stlpes appsar. t,o be wldeet nt their proxinal
endsr and match !.aff.j,n--l,tetar f,Fther than La.diye#.;q,,rrs.
The Eogo $hale fauna via$ correlated tvith the Didynpqq,ap,tuq

h t qunclo u'one of Brl taio by shevington (l g53a) . a surriie.lrhret

Jtounger British.equivalent has slnce been aCvocated by

Berry (t 9.64).

tgrj-zon and l-qealj.ttes. glz/5ii, 5qo , irL+,l , i5z-, ::60, 6:50.

Associated forrns, f. iq1tats, I. caduee,:s mnxiirrqflivgr.Eerps.

Oommon i.n aones 5 and 7r sne specimen frorn zana B.
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Flg.38. Frequency distributlon of the nurnber of
pendant thecae 1n Lsosrgg!us caduceus ( sntter)
and f . irr.itatg Harrls, ln zones 5 16, and 7.
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Fig.39. Frequency distrtbutlon of {naximum stipe width

measurements 1n rsogrnp_lgs cad-geeus (Safter) and

!.'!l$qle Harris, in zones 516, and 7.
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F1g.i+O. Frequency d.lst,rlb-tt1on of slcular length

measurements 1n Isograglgs cad ueeus (Safter) and

I. lrnl tata Harrl e, tn zones 5 , 5, anC 7 .
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Flg.41. Relatlon between slcular length and the

nurnber of pendant thecae ln rsograotus caduceus

(Safter) from zones 5 16, and 7 . Same specimens

as in flS.4O.
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Flg.l+2. Relatlon between stcular length and rnaxlmum

stlpe width in Isosraotus cadueeus (Satter) frorn

zonsa 5 16, and 7 . Same spectmens as tn flg.l4O.
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The Fhylogeny ot' i,jt,.: I.cad,fce,r.s iTr.orti)

nhe inferred phyl-oEeny of the Isof;raptgs _cadueeus
groupr set out in fiil.44r is based on t,he present work and

on i{arrists (1%3) nuscr'lption of the Victorian sequence.

I.-c.? priniula is the earliest subspecies and the
probable ance stor of tlie rnrhole rTroJ.p. The remaining
f orms evolved a long tuio rfrEl in Ii ne s .

nhe f irst is tha t giving rise to irnitn ta and is
based on the close sirnilarity between the small forin of
iditata anrJ the large fonn of prirnula. An interrne,Jiate
sta11e is probably represented by tho.se forrns of lunnta wlth
V-shaped rhabdosornes and distnlly tapering stipes, such as

VGI 07 ( rie .35r Do.5 ) . The passage frorn nrirnula to lunata
(of VGI07 type) was thirs npparenily irnrrrediately follorved
by rapid 'lateral r var'lation within lunata giving rise to
a po.oulation centred BrouDtl forins with U-shaped rhabdosornes

and stipes of even vridth (rrg. j6rnos 7 rg), and rnasking t,he

imitata lineage.
nhe second linenge, the carjuceus ltneage 1s

composed of the subspecies lunatg, victoriee, rnaxima (not
represented 1n New Zeal-nnd), and rnaxiniodivergens. Harrlsts
var. divergens- (lgll ; f igs 14-1 8) i s unrnown in lrlew zealand

and its position ln the lineage is not clear. The sub-
s'pecles are considered to represent successlve stages, or
populations, withln a continuously evolvlng series and
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Vl.ctorlan range
New ZeaLand range 

-r

Flg.\5 Comparleon of the strattgraphlc ranges glven

for members of the I.cadeceus group tn Vletorla by

Thornas t1950) , and ln Nelson by tire wrltsr.

Vic torian zotre ch2 Ca1 Caz ca3 Yal Yaz Dal Da2 Da3

I. ? primul-ac
-

I. ]-unataCr

I. Co vic torlae D

I. C. maxl.ma
f. C.
maximodiverFens

f. c. diwerFens

imi tata -?-

N.Z. Zorle 4 5 6 7 I 9
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correspond to the "chr'Jnolo.licn1 subsr)eciestt of llylvester-

Brartley ( t 95t ) . 'Pnex F,re r,-l!rreijente,J by a reLatively

large nir,rnber of silecj.:rens in ire-l"son oI''"lhicLr 13'8 have been

llieasure,J i-ol'tirnXirne;it stilre ,vidttr, sicula lerrgth and nurnber

of pendant tiiecae, bein55 chqrnctb'rs ivltich best rr;fiect the

ovet'a11 incl'ease iu rhrb0osrlrrie si-ze frc;n lrnnia to j"naximo-

dlverirens. ^ile progrcssive itrcrease in vrrlue for each

character in s{-rceessive po.nulations is sho'un in the

frequency distribution ciiagrsms (ffgs JB-40). Correlation

between characters is good (figs h1-qJ); they provirJe a

convenient means of rneasrlring evoluiion in t,he series and

should prove useful for stratigraphic correlation rvith

s'e quences bearing I. crduceus elsewhere in the "iorld.
The concept ofl sLlccessive populations with rviiie,

Bometirnes overlapping rBltg.'es of variation (ttUiospecies't of

Cain 195.4) Aiffers from Harrists view of rnorphological

varieties ("rnorphospeciesrr of Cain 195\). Thus, a single

Nelson Bopulation can include two of Harrists morphological

types ; f or example the sillalles t f orrris here refe rred to

vietoriae match his var.lunnta, vlhile intennediate and

J"arger forms match his var. vietoriae. The stra tigraphic
ranges given by Thoinas (t ggO) for the Victorian rrvarietiestt

Fre consequently greater than those given by the writer for
the Game f orms tn NeIs on (f i,g.45) .

Distribution outside Australasia. The Australaslan isograpt-

tds have been recorcled widely thror.rghout the world but the
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relative str.ilt,lgrairlrie i;sqiisnce of rn+)rirbers of

gro,up is porarls knoryn outsi.le Austr',ala,srin.

the eaduceLls

In the i.iarathon Se,JJencB Texas, the esrli,est mernber,

f . c.1una tar appeFras in f.hs iri.ghest bed s of ttie i,larathon

llmestone ( zone 7) , nnd extenr'Js tnto the overlylng Alsate

slrale (l,ororer pert of zone B, Eerry 1960a :('16). The forrns

vict:orl?,€, ilaFlnrfl' jI@nEr and civerfiens, are

llsted frorn the }ower llort Pena S'orrnatlon (upper part of

zane 8), but ttreir relative srder of api)earance withln the

u one ie not stated. The replacernent of lun,nta by the

Iar11er subspeeies agrees wXth the Australasian,Bequence enC

suggests that the boundsrSr Iretneen ,Berryf s zones 7 (l.niftagg)
an,l I (T.cadueeus) fies within the Nelson zone of I.c.lunnta.

in the lower 0astlernainian stage ( teute XI .) .

At Slernmestad, near 0,e1oe sevoral species of

fsosraEtu,s w€re descf,i ed by iipjefulnnes (1953) frorn the upper

few met,res of t-he Lower Did.yrnoiirapt,'.rs Shale.

t
Zone lbV I lra$ef, 2

l. &.i!tlb e ru]. u s . Ni chol s on

Lnyer j

I..1una.!a Harris (?=r ^ t t't'gtg)
t\

Zone lb b

I . norveglcug hrionsen ( pnrs = ,I,. c ,,, Iuna ta )
a_.rone lDY

/
Ir-s-P lqo.qqs BPi eldnae's
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-ne earliest r!)-,rcics, T. snj-nosun l-jp jeldnaes from

zone 3bY hns no knovn eorivalent in Au'stralasia but,

included in the succee,_iing for,n, f .no:.veiij-eus i,ionsen in
zone 3b6r are iipecimens ivrlich are here referred to f .c.lunata
anri which according to .Jpjcldnnes ,Sretle into the youngest

f'orin, I, r'i bberulus (ilichol-son) in zone 3bL, thrr:u51h a

trconiinuoirs series of develoo,rtenttt. The i,ransition f'rorn

Ilorvel-icus to,qib'nerul-trg involves an incr,ease in thecal
length and overlap, a slight increase in stipe rvid th and a

marred inerease in thecal inclination, anrJ in the number of
pendant thecaer and suggests that glbEe,Ju1us evolved frorn I

a l,rnata-like ance stor in rnuch the sai'ne rvay a$ i ts Austrn lian
counterpart imi tata did. The lo$/wt, boundaryr which

also marks the sppearance of the zone fossil iliri,\'itrqgraptus

hirundo (upper Arenigian), is thus thought to l-1e within
the upper part of Nerson zane , (ca2rsee tnbre xr ) ogreelng

with the correlation proposed by i{arris and mhomas (t 9:gU:

58) ' and Skevington (19fib) but in nrarked conflict with that
proposerJ by i(indle and ;fhittington (lgSA t3?8) and advocated

by Berry (tg00b,195711968 etc), in rvhich 3bt, (or upper

Arenigian) is corr"eLated with upper Ben,ligonlan (frefson zone

3) or lower Chewt,onian (nef son zone 4).
In concluslon, the succession of subspecies of the

I.cRduceus group is poorly Jrnown outside Australesia, but in
the only two regi ons in whi ch the se g',rence of two oi rnore

subspecies i s i(nown Texa s and l*orray I t Bgrees wi- th

that in Australasia.
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table Xf. Correlatlon of New Zealand zones 1-9r wlth

Ieograqtus-bearlng sequences of Vletorla r Telras t

Western CanadE, Newfoundland, Norway and Great

Brltatn. fn correlattng zones 5 to 8 (upper

Arenlglan to Llanvinnlan) ernphasls has lreen placed

on the flrst appearanee of Paragtossosraptus

etherldssl_ ( open trlangles) , Glyptograptus dentatus

on lts alltes ( soltil trlangles) , and the honl zon of

transltlon frorn Is-ograptus eaduceus lunata ( or

equlvalent) to the Later, dorlved, subspecleg or

specles (aeterlsk). Heavy vertlcal llnes represent

the total range of I eogrgp-!.9,8,. The heavy

hortzontal ltne rnarlclng the top of zone 9

(t lanOelltan) reBresente the first appearance of

$g,qggeltus sracllls, the heavy ltne at the baee of

zone (ereniglan) lndlcates the flret appearance of

Tetraqraptus approxlmatus.

Data from the followlng $ources: New Zealandt

Keble and Benson ('tgZg) , Skwarko (t 9gt ) ' thls thesls;
b

vlctorla, Harrls and Thomae (t Sfel) , Thomas (t ggo) ;
o

Teras, Berny (t SeOp; Woetern Canada, Jackeon (t g5t+) ;

- Newfoundland, Klndle and Whlttlngton (tglg)'
y{htttlngton and Ktnclle (tg6il i Norway, Moneen (lglt),

stfrmer (tgSl), spJeldnaee (tgSl)i Brltaln, Ellea and

tvood ( t gt 4) , Jackson (1962) .
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Isogrgptus rJurrosrn liarri.s, 1933.

F1. 12 rf igs 7 ,8 ,12 .

1933 Lgg,ggirtus ,Jurnosns Harris i94 t text,-,f 1ge 37-91 p1. 51

figs 2a-c.

P,.ernarke. Speclrnens from zlne 6 (p1.12rfigs 7rB) closely

match Harrisf s text-figrrres, thsse frsrn zone 7 (pl .12rfig.
12) a re large n tbut otherwi se sinri 1B r.

Horizon agd 1p-qe-Li!!gs.. 82/5J3, 5uo , 552 , 560 , 561, 5oB 
'

630, 531; S7 /ttl. Associated forns, Isosra.ptus eaduceus

maximodivergens. I.hastatus. Z:ones 617.
' I. dlearesus ls knonn from t,he Yapeenlsn stage of,

Victoria, and has been reported frorn the Basin R.angest

U. S. A, e by Ross and Beruy U gAS : 94) .

Isosraptus hqEt,atgg Harrlsn 1933

PL,.12', figs 9)11 .

191 t+ Dldvrnor,lraptgs s4duceuq var.manuFrlnlgs T. S.Hall (pars. )
I

pI.17rfig.13.

1933 f sogfgqtqn ha sta tus lla rrls :1 OL , text-f igs 33'6.

1947 f qograptus eaducerlE var. sf,notll s Ruedomann 2351 |

pl. '57 ,f 1gs 15 ,1 6.
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Reniericg. Ililelson Fipecirnens Bgree l'ie'I1 wit,h Ftrarrisrs

figure$ and, degcril:tion. Buerlemelrnts figures of I.caduce-ug

var. g{agi li5. P.uedemar;Ir , f rc.lnr ths GlenogLe Shale closely

match ihe Vietorian $pecies.

F{ortzon nnd l.ocali.tigs. E2/528, 533,552, 5532 557' 560'

508. Associated form Tsogreptus caSuceus meximodiveqqeng.

f .hns't at,qg ts the enrlient of t,fre rnanubriate species 1;o

app,eatr in the }Ielson sequerlc€. It ie abundant in zane 6,

one speclmen is known from zone 5.

', mhe speates rsnlles thr'ough the Yaileenien stege in

\rletorlan end is known (a* T..e.ver.tTreetlis Ruedemann) fron

the Glenogle $ha1e , Bri t i sh Coluinbl e .

Isograptus manul:riatus (t. S. Hn1I, 191 4)

Generic efflrri ties.

In a recent diseussisn of the generic affinitles
of l*r-nanubriptqg, Skevington (t ggg) eoncl'uded that the

spoctes 1s rnore e:los,ely rela ted to i$eanclroRreptug. ii';oberg,

1892 than to fsograptue ir,loberg, 1892. I{owev;er, the

sy'rCIrnetrlcal srrangement of the sicula anrl ini ttaL ttreca ( f 1 
)

!n .,manqlrrlat,qg (s'ee Bulnmn 1958 t?1?rf,ig.1) as tn the

closely slrnl-l,ar Swedish sBeeies I',Je.an9ggsrqptus? seni.cqlatus

Skevington 1965r susgest that both species belong to

I

:
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f sc5r'apiusr ds defined here. fhe sicule in the type species,

i.eandror'Ia'ptus schnialen.seei l,{oberg ( see tulrnan 1 932,

text-figs Za--bt pI.2rfigs 6-8) i" relatively long and

straight, and the lnitial. pair of thecae (f 1 anC t2)

sharply a','ray f ro:n i t, ihe axis of rirabdosoirie syrixt:e try

thl'out'h the sicul'. In l,i.sch:italenseeir BS 1n other

ref e rred to i',:ean,l ro,qraotus by Skevlngton (lg6S :44)

rr!. lepto.qreptoicle s (:,ionsen, 1 g37) and .,1. rlpber'4! (torncluis t,

1901 ) - the distal portions of the initisl thecae, and the

entire length of all subsegueni thecae ar'e incllned at a

rel-atively lcvr angle (about 3Oo or less) to the stlpe axis,

contrastirrg martcedly with those of I.mgnubliatus and

i\,? llerricur].rr brrg. Th,: two spec j"es Lrre prcbnbly ircr: t r"iLi:t i'ci*d t

t,ogether ,,vith the .otLrer trni:-lnubriatert species, Cu,ito$us anC

hastatus (Harris 1933 293)r 8s comprising a dlvet'gent group

witl:in Irograptus, vui-th the proximal syfimet*:t enc'i hishly

inclineC proxinial thecae of Is orrrairtus, and the proxinnal

coneentration of theeal origins, the prothecal folds, and the

lovr inclination of distal thecae of ri,eandroflraptllg.

Isop:raot,us spp.aff. Jr rilenubriatus (r. S.Iiall , 1 91 4)

t urri

paBsing

species

Di s cu,9 si on . A wlde variety of iarge

zane 7. Although none

manubriate isograptids

closeiy nratches theare found in
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speciinen flgured by lla1j. (tgtq:p1.1TrfLS.12), br Flnr.r,j.s
(lgS::pI.5rflgs :tra-1 i), each bears the typical fen,tures _

a prol{ltttn1 concentr'trtii:n of th,eenl origins, o:utwRrdly-
dit'ec ted F Ferl;ura1 porl;l ons of proliinrnl thecae, and lovr

inclination of distal thecae. Four irrforr;ia1 tforms, are
reeogn j. sed here ; lt ls uniiitel"l' that ench vri lI prove to
be a clistinct species.

nhe speeinren fi.gured b,y i{ehrle and Benson (tgzg, Dl.
104, fig.1 o) *u "f:-!vt,-I-usit from cobb valrey probably belongg
to the I.,4:ag_nE{iatus grou.p.

rF,oir,rarrtus. sp.1 aff. r. ;rranu.brj:ntu,q, (t. s. t{a.r.t r1g1i}) .

PI.1Jrfig.1 .

REmn,ghg. The stlpes are relet,ively wLdel etrni,ght and 
I

diverge at a hlgh angle, thelr proxin:al portions enclosing
thesieu1nr'wedge'.The3rtaperdista1].ylgiv1nganovate

oqtltne to tfie rhabdosome. I
.

cad uce,*s maxifirofi tve-rfiene . Zone 7 .

I

;
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rsoggaptus sp.2 aff. f.rnan;brj.iatuE (t.s.Harrr191 4).
Pl.'lJrf-'1ge 2r(r.

Eeqgt:Eg. The stipes nr.e npproxirrately parnllel-sicled,

diverging at a srnaller Fniile thnn those of I..ep.l af f .

lTlAnuhriatUs, and are eut'ved upil;nrds.

gggieqp;_f nfl ]-qgqlitie,e . S2/5r|0 , 65o'. Zon,e 7 .

;

rqgEraEtug sp.f, aff . I.;n4ngbEiatus (t. s.HaIl ,ilg14). r.

PL.1jrflg.8.

Renrarkg. The si cular rrwedge{t ls Ia r"ge and proruinent ; the
istlpes are neanly strai.ght, are narro$rer than those of L.sp. 
;

Z aff.mFnchrlatqs, enrJ diverge at a smaller ang1e.

Hptizqn,,. eqd. ,l.os,alitl.eq . g2/5t+o , 63o. Zsne 7 .

IgoEraptue sp.$, aff,. @ (n.S.Ha1lr191 4). :

Pl.1Jrflgs 3rT ,'

.RemOnkg, Stlpes are relattve.l]r narronr and parallel-sided,
an(l curve upwards. They diver.ge at H relatively low angle e
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approaching that of
text-figs 47-9).

ITp rrt s (t gl3 :

Tiie ritcurnr r';eclge is lar,ge and prominent.

Ugrizon, qnd LqqJli.trr_. n2/5t1}. Zone 7,,

GSXUS Qnq,pqr:apt+g m. S,J{aL1 , 191 4.

DiseuepXQn. Tlie specirnen on ivhi,ch iikevington (f gggls-c€elnen

sf f ig.2e ) apBarently based hls evlden,se f or the, eonspeeif j.e-

ity of C'rreofirap,tqs up'qilBn ( tfre iype $pecies of encograetus )

wlth OardloHFaF!+9 iqor.quq and fsogrnntus rirnnqbrj.atus is
incomplete and appear$ to be riiore elosely relnte(: to a

ca rd i ofir an tus of the trpe rl e te d he re n fi Ca rrl j. olTrprr t,'+qg sF .

The proxinal aspect d,f the Dlel$on Cqcoe,re q,t rls ( sEe pl. 1 2 , f ig.
5) res'ernblee that of I. esd.gc€us rather thnn of I.rnanubriatus.
Fhe genqs ls hene regandeil n$ valid.

".lecn,lrOflF.,frtus'f inu

1916

'19214

1 933

onp.osra'otus upglroE_EErrufgtes Ha rri. s and Kebte r lgl 6.

Pl.12nfigs Ur5r10.

o+conraptus Fi.anEgla-!-uE iiarrls antl iieble ( in Harrls) :

pl. I r figrs 7-9 .

O. bi anEul.n t uF ; Ha rri s 196 . r

O.,qo.qi1g,! var. blang'ulatuq; Harris :gj-6, text-flge
?3 ,24.



259

1936a !.sp; Bulinan t\e:,-t-fi.g.1 .

19€,6 (i.r-tQsilon; tjiiiith :i73,f ig.2.

Rgmnrle n. ideison sFeci;ltens r€ $errrbLe tnt: natrl"oiv f orniI

o.hianru.l.pitg.,g i{anris and ireblra, ,,vhich h,nrris (1933) rnade a

ilvarletynt of the wider 0. ?pgilg,n i{all. A thin web of
periCerrn j oins the d orsnl margins of the proxirnal 1 or 4fiun

of the unlserial stipes in nrost l\slson specinens.

Horizon and .locaLltriee. tjz/54c, 5jo. /*ssociated'forfisr

r. spp.aff. flapubriiLgg, Dld.trrrloflqlptllF,v:ceflexuq . z,one 7.

Cnc,ogr"a:ot,us unsiLon biqqflrtlp t.Js is a u one f'osslI
in the Ya5.reenian (yat , 2? ) of Victoria, Fnd is known fror, the

f .c, d,uceus u ong of rexag.

f'Ai'{ItY $IN0GF.APSIDAA, hiu, 1 9r7

Gen. e.t sF. indet.

PI.1 0, fig.2.

Refnorke. An Lsplated stlpe fnagment preserveil ln part

reLief has an undulatlng d orsal margin of the type a$socla,ted

wlth pnothecaL folcls, enri otherwise sinrple dichograpttd

thecae. The stlpe wldens from O.ZJwtr ai l ts naruowest end

to O.lmm at its widest end.

The general form of the thecae, ln profile view,
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resembles that described in Clg,nFtor:fn[,tuE "TaFnusson, 1964

( P.4zo, q24) .

,l1arl"zgn nlid locrl;Ll,iiE. '3,?/5{13, ,92. Zone 8.

,.5inogr^aptids a re $.n(rt'rn f roirr ih,e \rleiorian Darrirvi Iian
(aeft l96l 57-7O), fro,n'Chinan Nortli .Lffirlriea Fn,d Scandinavia.

FAIf ILY 0RYPTOG.]IE'FTTDAD tia d d ing ,1 91 j .

GINilUB Crirp t oe'fg lritr Lapwor th , 1 880 .

0+yptorir{p'tus schFfgri trflrprrsrth, 1 880.

FL.15, figs 4r1OB.

18BO Qrgn!oeraptuE .tricornls var. gchnferl frapworthl p3-.5,

ftgs 28a-b.

1908 Qryotosnantus tqleorni,s var. schafpfi; El-les and if ood:

299, text-figs 2Ol a-b r pl. ]'2 , figs 1 ja-c.

1951 Cr;Yptosr,rapt,us triggqnis var. sghaferi i P,ulrnan 255-6,

text,-fXgs J1 a-b, pL.5rfigs 1-5; Bl .7rfLE.3.

Re,marke . Nelson Epeslmene Fgree well wl th lt)lIes and I'food I s

deseriBtl0n. F,rtSigqrnts vn,r. sehafer.i r,vFrs ratsed to
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sr eei f ic ranl( by i=;ull,ran (1935 235?.) .

i-iorizon anct 1oc1Ii'i,1e-:r. '32/i39, 595, fi3. i{Esociated forrns,

Qlirnecpi-r?ntrrg hre,Vis,, tlO$s:Qctlr:frrii.lG irlngi<sii r Ptef Oi:fantqs?

sp.nov. Zone 9.

0, schRf,eri hns been descr,l.b,ed fro;n Cotlb Valleyt

Nelson, by l{.€b,l,e r.nd l:',en$c,n (t gp'g :859, 8,1.1 06, f igs ZJa-d ,

e? ) as ttr.:{lfqlro.qraptus t:riq0r'4i$r' anci oy $irrvnrko UgAZ t22J, '

text-flg.4r figs 1Oa-o). The range given try Slcwnrko is

from upper Darrivrilian (zone 9) to lolr;er Gisborrilan. -he

specles 1s tyidely dist-ribut,eC heing knoiryn from South I'rrrericR,

I{orth AmeFlee, Gr€at ilri, tain, iicandinsvla? r U. S. S.F.. ? t

Chlna and Au,stralia. Its r'qnge in Victori.a is froln nriti-

Darriwllien (p:) to basal riastonlarr (Thotnes 1960).

FAIfILY QLOS$0'QEA|IIQAC Laprrorth r 1 875 ( e'neDd , r

GENUS C los $ ogqarp t us Snirnons , 1 855 ,

GJ.o*qsggrarrtus aegnthqs r|ll,es and fJood r 1908

Pl.13t fig.11.

1 908 Glossosrantus acnnthus itlles nnd 'tflood :31 h, t,ext-f l gs

2OBa-b, gL .53 , f igs {&-G.

1935 Glo.qs,o,qrap!,us ,qc?nthUgt ite rrl s nnd fhomas tJA?-J,
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f,ig. J, noe 13-1 6,

Descripttlon. Nelfion speGi;rrgrls n.{T€€ i'.ne l.1 with lilles and

ff oo,d t s descrlpl!ion. The Fp'ertural rrrarg'1ns hortever, appear

to be slightly thicKened by lists.

IlgrLzon nnd loenlities. S2/547n 568, 582. 'lone 8.

G, acanthgs ranges i.n Vlctorla f,r'orri Darrlwllinn (Oat )

to Gisbornian. I t is knor'rn f,r'orn the zone gf" Parag1osFq-

srarrtus etherldsei of Texas (Ferrlr 196Oe :7O-1 ) , and from

the upper Areniglan anri Llnnvinlian of Fritaln (nttes and

f,/ood :31 r+) .

,GlosqofrIa,pttrs? ggutue liarrls and Thomas t 1955 "

Fig.l+6; pl,13rfi.g.9.

19'35 (? )Glossqsnsptiqs er\tdug Har.rl s and Thomas :JO5-t+, fig.1 ,

Iror13, flg.2rnos 15-17. .

1962 Glossoeraptus - srudos; Beavis : q85-5 r figs 1 a-b.

RernarEs. Nelson Bpecimens agree weII wtth ttre descrtption

by llarrts and Thomas. Benv1s describecl pyritised sBeeimens

frorn Vlctorla wlth msnoserial rhabdosornes indlcatlng that

the,sBecies belongs to the .t'ami1y Glossograptidae Lapworth.

Gl.o,ssopfr,aptugr Bs dlngnose'd by Bulman (.| fff) ana by Jaanusson
----
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,a)
(1 9bq, o"nrs .1i,,er=t urai si,inc-:s, nnd tf:us exclrrdes forrns suc;h.A

as ?C. cru.lus. The si)eciei: mcst c.l-oseIy resen:bles n:re:r,bers

of fllosso,.'r'ant,Jgr ho',','everr qni is t,ent,:rtirrely inclr:de,l
lvithin the g;enus here.

Flg. 45. Glossosraptus? crudus

Ilarnle and Thomas. 
. 
Maturer poorly

Bresorvod, complete rhabdosorno ;

x 5. Gnjt r locall ty g2/jj6, Aonangt

lfllne area. Oncognaotus zong.

llorrzon nnJ locEiities. 12/54r, 5j€,, 5jz. Associateci
fornl, Car,rio.rra-nilts fr,or.sus. Zone l.

G? crudue is the earliest glossogrnptid in ihe lielson
sequence. rt is resiricted to the yapeenian (yae) in
Victoria i

Glcssoqrantus hincksli (rropi<insonrl 872)

?1.13rfig.10C.

1872 li-pfoqraotus hineirsii.iopkinson z5oT, p1 .12rfigs 9a-d.
1908 Clossofiraptus hinc."sii; Jlles an,J 'iiood z3a9-12, text-

figs 2)5a-f , pl .jj rf igs 2a- j.
1956 Glossotrraptus hinciisii; Lemor: and Cransyrick :ZO-4,

text-flgs 5a-f , 6, T, pl.1rfigs 131111,
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Eernn rlir,g. J{elson Eipeclrieng are pfellerved j.n outl_ine onl3r

but ag,ree n'ell with the Ccscription by d11es and';vood and

truj.th the 'lrlder forrns de scri beC b,y "ir€inotrj and' C'rn!t,s Jlclt.

H,grlzc'n anc locpli iies . E?-fi92, 6j3. Associa ted forrns,

C,qgptorrantFs cf . sqhflferle tr!er:op'r'all,lie? sp.nov. T,ones 9-10.
' G.Linq,}csll has been rlescribed fro;n the Cobb Valtrey

region by lieble and Benson (lgZg ,.809, 0l.106rfigs Z[a-h),
and by $knerko figAB tZZ6-7, text-fig.4, fi.gs 11a-b). The

range given by $kwarko i.e upper Damiwilian ( zone 9) to rnld-

Glsbornlan (tvtount Peel bede, zons ro). The ,species is
wldelSr distrlbuted, being recoreted froni $outh Arnerica, North

Americe, Britain, seandi.navla, u. $.,9. H. (r"i.myra), Ohina

(S.Rnhul ) , and Auetralin. Its ranfle i.n Vietorla is from

Darrlwilian (Oa4) to upper Gisbornien.

GEN-dS Farasloseos{aptus i{u (fn Hs,u, lglrg)

,

lypg:Qpecies. P.. trpicqlls lrlu, irlS 195A, blr subse quent

designntion (nrlu r1963) .

In hts deserlption si the nevr genusn Hsu (tg5g) OiO

notnominateatypegpec1es.In1953,Mu(p.J54)ga'oethe
foLlowtRg lndieation; ttthe gellus Fla^lgrrlossogrnotlE &1u, in ,

Ssu (l9Sg) rvith P._typi-,.oqlt,! ilu ( text-fig.1 5 ) ns the type

occurring ln great nurrben tn ti:e lswer part of Arnqlexosr,tptus

oqgfggluF aane of the Shihutgou shnle ls characterised
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by ttfb rievoloprnenh of lircinia.t' ilerryts (l9o6a 7431)

nomlnatj-on of q.Lnt,ri$ !:l'su ns f,frpe species is tfrerefore

red$ilrlant. '

-he origi.nnl 1r:scriltion of thr t.1rpe BpBc'lensr

F. t,Xpicnli s i;.u, has ttoi r)eDrl $een try iire wri ttl; the f igure

giver: by ilu {tg6: t364rfi$,15a) fr t;;ritsn a:} a bnsis for

comparisorlr

!i4grlosrs. RhnbdD,some b-iseriaS-, rrith prorniDo,rrt virguln ;

sorne ( posniblSr all) species r,vi.th molropleural stipe,

arrnngernent. Feriderrn attenuated and l1sts eomrnonly

developed. Thecae rese'nble those of clroocqflru,Fttts, and

bear one or nore elenrler to rob,ust npertural spines.

Lncinla 'Jelicate to robust, 1o regula.r'or irr,egular:nesh',vorkt

confined to dlscrete longi.tudlnnl rror"/s in sorile species.

Snecles.

?Grpptollthus,-!eg!,asqlatgg -t{nLl' 1 858

. LiqsioqrFptu-q, (T[.feanon{ep,Igs) elheri{qei Harrt a r192\

La s i oggge!,ge (Ea If psrep-gugi p,Ig,!.gg^g Harrl s ahd

Thomasr lgS+

Farasl-oseo.qraptge-,resq.1a ris IIsu, 1959 (t= L. (t. )

e the ri,d,Tel Flami s )

Fernfilosgggrnp,!gs. tatus I{su, 1959 (?= ,L. (T.Iethegidggl

Ila rrl s )

PtqggloE-eofiraotug-Ulfl!-tgilgnt'+e llsu , 1959 (r= L. (t. )

etherlrn@ ilarr'ls)
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ln:'agictliB or''Ilri r)*, Lrr-, il't ,j i i i i. l:r'-', -*,:ll; vtrr.lottil,.is iisu ,1959

ltt":ll;iQEQ,r-'i':'' 1) 1' ;i': +,'i;-i : e'..l-i S,, U, 1 )ii7

llr:;lOsill)iIlrt;'r i'rl'q il:tr:l: r,3'ii- t.ts i.'1, Gen, anrl Yin r1962

F'a ra;:'1osFoflI'-: rr' i-lri zr) n -t-"n:i i ctis- si) . nov.

Dj-scussrcn. -he mrrin ferii;ures cf i'aia,ilo';sicgrttigs or.rtlined

by i:Isur (lgS9 :187-B) i/ere : F )bi,.re riri rtiairdoso..ie "sirrrilar

to that of Glossggl3p1,us"; b) nitel'ia:-;ie,J pericler;ir arld

deveiopitient of lists; c) conspicrlorts virg.'rla; C) p""sence

of Iacinia forrned frorrr "ot:aitchit:grt ,?pei'iural spines nnd.

e)generaL 1lresence of nroriirnal spit:es.

fn 1963 i,iu (.o.355) stateri taat iaran:lo';sogl'at>1',us

has a incllolll--rrra1 rhabiior:it)fne, colli;rar:tini1 v;ith ihe Jipleuiral

rhni:closo,ir€ of ihe oti:rtlllisg Girnriar Jgtlrlfa r i'lnil-r.rrl"rpi,ue

Fnii Lasiqra.oius. JBanusson (t g:oq:335) .oointeJ out that

Lasio,iraci,us (-ir:rsgnogr.rr it-gq) e_theri dq$! ilarris belongs to

ParaglossolTtanigs i',,u. In re-exar:'iinj-ng }larris I s type

strecirnens, Serry (t gt56a tqil-2) \'ras unnble io rieiermine

r,vheiher sti-pe arrangernent utas iTionopleural or dipleural.

He noted that the constroction of the lncinin vas irregulnr

both ,,vithin antl bet'tleen specinens, anrl recorcled the presence

of a elathrial framer'/ork in lhe proximal region sirnilar to

that of Crypll,oflr"a'ptr:.s (Oescribed by liLrl,nflrl , 19q5). Berry

also uoied Iists developed at the aL)tlrtural riargins. Tire

new NeIson species, ?.zealan.iictrsr hes particularly robust

apertural spines and a barely rjeveioped Iacinia which is

confined to discrete verticnl ro,l/sr ano is supported on
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relativ€ly slender f-r,f,t:rcl :::peli,_rr.a1? ;i)in€s.
I'3l"zti"1DS:rO;-l-riit'+s inL-:st el osely 1-9itel;b1es ol-oqsori lapt-

us lltl'nons, ?Brii.c..tIrr1r.r ir: t;i::; iionci;isurel rhabcjo{iotiles of
ai leasi sorie of its: s!,eciesr ir: f,i:e c,,riltne of the rhabrjo-
soi[e and oi the s[)]_nose irrucae, aitu ir: tir,; at,tenuaterj
perider,il sllrJ deveioDnient of Iis bs. It dii.fers cniefly in
bearing F.i lnclnia, anul in ihe .reneral ecsence of pro;ninent
apertural spines. -he lacinia, ir: rrrosi si)ecies, is
readil;r seen, but p.ini.r.ri;r.srl:_uri ir,iu, Geh, and yin sflr]
ts'zenlandi-eus sp.oov. have a relntively sinrplified Iacinia,
and speci,nens in i,virich i t is cbsc,rre,J are difr.icrrlt to
distingr'iish fro,a G-l,osso,(.raci;us. -he trvo geuera are probably
c losery related but r .JenJ ing a g.enr:rar rsvi eiv are here
regarded as disiinct gensra 'liihin the failily Glosso6r'piidae.
i' - hienbers of Fara;TLos:soqraotus are ,l:-stinguisherl frorn

C,gfpto-.qraptus i,apurorth by their: spinose thecae anrj their
laclnia ' I{a1lo,qraotus T,apulorth has si.nilar spinose th€cne
and attenrrrted perirJerrn but, r 8s diagno,sed by Bulnan (tgss) ,
exciudes fori;rs with lacinia or monopleural s'iiipe er.r.nf'ement
( see also rl,oss and i3erry 1gB t15U-5). Lasiosraptus
Laprvorth is dlstingaished by i ts ajrirrlexo;iraptid ttrecae ( or
trlasiograptid thecae" of .l aanussoil 196aatio3-i, text-fi g.z) .

Neurorrra plus Jjlles and rnioorJ jras a rnore deiica te , f ibrous
laclnia 'and is not irnown to inelude f onirs rvi th rnonoserial
rhabd osome s.

Ha1lts original descrir-r1;ion of
tentgculntus (naff 185g z13l+) tras not

Gra nt oli thus

been seen by the
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!t/rlter but frorn his 1a(,j riescripi lon and r'iii*re,s ( p.1 l6-T ,

p1.14, llgs 6-B), ttre s?sciers ;:r.oirncly berongs to rirlraglqEgg-
rilairtri.ri as surggested ")r.,iu (19{,j :J55). irlniorrentl
(H*ff,gggru-!.*g) lrqt,eus llarr.is anct *hoitrris, also belongs to
the gel:rus ,?s c iagnosed here . The origlnel iJeser.iption

of Pe,::n{rlossogi.n,qlus 
, 
j; n,u_,er',,1,g,o i. ue .uiu, ,Geh nnd yin, hris not

been seen by the, wrj,ter, but fro:n the ill{stratisns given

by iiu $gat 236+rfig.15b) the si€cies cLearly rieLongs to
the genus.

The genus hns been r€ported f rorn liorth Aurgrica, Chtna

and Austroln sla , t ts st,ra t ig"rn lrhi e rnnge generalL.y lylng
wlthin upperruos,t Are'nigian, Llanvirninn and i,landeilian
stages of the standarrl qriiish sequence (see tnbLe xr).

19?t4

1 935

? 1g5g

? 1g5g

?1 g5g

Ea,r,q,glq.$,s oFr"rrntqs et[,e11r].qe I (IIarrls, 1 924)

Figs q7a-E; pI.1q, figs 4 15 19,

Laai-oqra,ptus (nh.rrganuiosrnptus) etheridBei XIaruis ; 98-

99 , pI. 7, figs 3-7 .

Irflsiq;rrapt,uns (Th.'ig1nd,pngpptug) e]heridpei ; Harr.is and

Thornas :306, fig 2rnos 28-9.

Pareffl.oeqorlrapLgg. regglnris Hsu : 1 88-9, pI. t rfigs 1 -L.
Pq4ag-loqgograptu.s l-nt'ng FIsu :189, pl.5rfigs 5r6.

Paraql.osqogrep.tgE rnril-'r,Lfibratus llsu :1 9Or FI.l, ftgs

7 ,8.
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196aa i,1* l}egia!.!.tE _.?iAsliqffi; I-i€ rry tg5 , p1 . 1 e ,f i.g. 5 , 9b ;

pl.13tfLf-1.4.

1962 le qi o,':!f a!uri e.-l;h-,{i lgei g Sitw:a:rl:o :236r fiFI. ! r no. 1 4.

1966a Farnfllo-esor-r?ilt,qe-!,qqri4rg.i; Eerry t ta32-5r pl. 48,

f igs 3 15 ,6.

Pescgl:p!io-4. i\riarture rhabdosoniee range in length frorn 1flm:r'

to rnore thnn 22wn, and i.n nlaximun rvidth (exclusive of taelnla
flnri spines) from J.onnrn to 4,.1fitffr. A stout virgula can

generally be seen in the di stal pnrt of the rhnbclosorne and

extends beyond the dlstal margin for sevsraL rnillimetres.
The rhalrd osome widens grad unily f rom a blrrnt proxlrnal end

to its rnn;(lrnunn rvidth urhieh is reached nbort 5 to lOrrrrx frorir

the proxi.rnal end. The distal part elther tapere sl-ightly
or remains parallel-sided, rnost n€rrow rhabdoeom€s being

parallel-sided.

The replacing rnj,nenal in all lrlelson specl;nens 1s

unevenly rlistrlbut€d, sraggesting localisod thlckening and

attenuatlon of the orJ"gtnal pertdenrn. fhe apertural margtns

w€re apparently gtrengthened by a J-ist, whi.ch qupported the

apertural splne.

Thecae are sp,ace'l 11 - 12.5 in 1om,a nntl generally

resemble those of Qlogsognnntuq, with the ventreL margln

of the aperture ex'tended into a spine. In the Broxi.nm1

nogion the splnes sre relatively straight anrl f ree ( ttnormalrt'

apertural splnes of l{su 1959 z18f ) , while in the mid and

I
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Flg .,A7. Paragloeeosraptug etherlqgel (itarrls). 9-9r

growth stagee; x 5. 9, VC74. !r VG77. g, VG73.

4-gr ctature rhabdosomes; x 2. Ir cornpleter large

rhabdosome , VG72. g, lnc omplete , large rhabd.osome t

VG75. t, complete, small rhabdosomer VG78. 8r

lncomplete, large rhabdosome , VG75. All st)eclmens

frorn localtty S2/5821 Aorangl rvilne arear P.etherldsel
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dlstal- porti-ons cf th,J rtitr,l:Cosorne rrroEt splnes bifnreate,
or atre bent, and rnerge inio 'uhe lncinla ('f trvlsting aperturaL

slrinestt). However t,here ie no aoltsistent pattern of spine

6rrnngeniont rvi thinn or betrveen rhap'loso,nes.

Tiie Lacinla 1s sirrii-l-etrly irriegulrr, coulprising a

loose tnesirwortrr sLlpported on short or long apertrrral spines.

The tne sh';'rgrk itself ie coillposed of .rpbust to delie ate thfeads.

Jirrtensisns of eight slectrnens a re glven In table XII.

Tabie XII . Dimensions of Paraf..lqgso.lzreptus etflerirlp-,€_i (ni,rr)

Figcusslon. The Nelson speclrnens vary conElclerably in

outline, and ln maxirnum wid th. Forrns with a rnaxirnirrn width

Spec I nen
IlO.

i,,!aximnrn
width

DLstal
tapering

Le ngttr The eae/1oran'i

l/c71

vc7z

vG75

v.G75

vG78

vc85

VG86

VG87

3.5

3,7

h.o

4.1

3.1

C'4. O

e4. 1

3.O

none

p rono unc e d

sligi:t
s light?

Rone

slight?
sllgh t
sllght

21 +

16

16+

14+

15

20+

22+

15+

?

11-12

11.O

12.O

clO.5

?

?

,T
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' of 4.O-4.1nim c1osel;r re;.j+,r;blE tile rjesel'intion.9 and fi.gures

of the tXrpe specimer:s ;-;iven 'oy iin:'ris (19?:1+), arrrj by

Berry (t sg6a) . frhe na rro;:.'sr i'orrrrs, :';ir,ich otheri:ri.se

tre-se,rrrble tlre typj-ca1 formsr fifigr repreeent a dtfferen.tt

orientation of tir* rl'lncroRorlio prior to flnttenlng. Berry
( t 9ir6a 1434*5) noted slnrllqr variatlon anong Vietorlan
speci.mens, nnd all forrus aro here incl-uCec] rvlthin the

speeleg.

Poor preservat,ion does not allorr creterirrj.nation of
the Cr.votoiira0tus-l,lke list strue-ture nbout the sicr.rla

descrLo:U brr Berny.

The Ohlnese forms deserlbed tiy Hsu !1g5g :1 BB-9O rfi3o s,+i

pl.lrfigs 1-12) au F._r-e;rg1a.qis, P.lntus anrd F.mul_tifibratus
all appear to be very similar. t,o F. ethe,ri.lgpi. mhey' Fre '

baseC on a totaL sf q speeirriens and Fre disting.rt-shed mnlniy

by their rhabd osorne wldth, thesal s'Baclng and c ons tructi on

of lacinia. In vierv of the vartalrlLity of each of these

clraracters j.n E. etheridsei , .the Chlnese fsrms are hore

tentattvely placed ln synonyrnyo

Eortzon .qnrl local.tlieg. sz /lal, 558 , J69i 582. Assoctated

form, ?EFllograptr4s lnutilus . Zone 8.

$Itwarko recorded the f,orm frorn the Glvptonraptqib

tere-tlu,sgul-us za,Tte ln the Cobb VaLley area, Ilelson. Tho

eBeclmen figured by him (lg*e, text-fig.51no.14) from zone

10, N._eqpciLlg ( t'Loca1lt:r G. S .7 jT3,r) , has been examined by
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the',ixriter- rt is obriquery,cistorted, t)*,Ars aLrrrost no
laci,nia, ar:d is only cl,iiubifuJ-iy ijentifinble. The range
of the spscies into the Gisi:ortrrian staiie in iielson is
therefone not consielererJ Crlfini te .

The Bpect,es range E f ronr Dnrriwi ltan ( nnt ) to lolver
Gi.sborninn Lr: \rlct,ori*r beingl eo;rrnon in ihe Da1 zone
(tnomas 1960 :1o). Berr.tr (r9'5oa) hn,; flgiurerr ths forrn
froin,',he zone of t'iiF1r-g.,lrnqlgglethegirirqi 1n the i,.taraf,,hon

seguencer neKas. i'rlorris nnd l(a;r UgAA) listed the specles
from the iiirl,Jle Table llead lorina tion at Black 0ove,
Neurfoundlnnd, but their f igured spe,eirnen F'plarentty besrs,
thecae ,$Bnaed only S in lornm and 1s distlnct from etheridgel.
Jackson (tg6+:fig.jrfio.6) ri,;ered n specirnen r,rhicn is
slightly rvider than, bui otherurise sirnllsr to, Australasian
members of the species n f'rorn the zone of paragtqqsograntuF

gthertdsei i-n the Road River Forinntlsn, yukon. Berry
(lglza) flsts the specles froirr the Deepki.ll ihale of triew

York ("zo,ne of H.etherirlget") anrl Riva (f ggS) noted it in
eollectlons fr.om u one D of the Ir€vis Shale, ,*luebec.

4araslos sg.qra;ptus ?eelgndl cue sB. nov.

FIgs i+8a-b; Bl.llrrfigs 1-3.

Elol otyp'e. speetmen vGgo, froirr roenli ty .sz/582.. panatiinpe,

specl,men VG79, locality SZ/582.

4ieqre{ -r-ne tgrt at. vg79, \rGBo , vGBl , vGBz .



^-;-14

Ftg.l+8. ParagloegegraLLqe zealandleus Bp.novr E) rrolotypc ;
x 5. vG8o. b) p"ratype; x 5, vG79. tsoth speclineng

from localtty 52/582, Aonangl Mlne area. P.ethertdsel zone.
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Dlal:nosi,:. i?hebdosc:le i)rr1'n1l:.I-sii;c,j i)r rj_ih sligirt distal
tnper, 5.1-3.5r::r,1 ',';irle, ',,iii,i: bllr:t prc): i.i.,r1 cn,J nn,j pro:iinent
virS;u1a. Tirecae beer 1or:g rol:r.rst r:)sr'l,.ira1 spines and are
stlaced 1O.5-1 2.5 i,1 1O;n;n in tht3 rl,lt,ure pFrf of the rhnbdosorne.
The lacinia is barely devi:1r.,r:ed irej.n.q confj.neC to,Jiserete

tatqaLrovrs ar:'J supported on slenrler u[-rryarol-;r-girecte'ffiertural(? 
)

spines.

Descripiion. Compleie rhabloGO;ries ar,e 1g-?1:xn iong nn,j bear
a stout virgula, whicn can be trace,j to ,vitirin j,arn ot. the
proximal end, and rvhrich pro jects beyon,l the distal r,nrgin
by up to l Omrrr. P.habdosones 'widen rapiCly fro;i F. blunt
proximal end , attaining their maxi;.num ,vi,Jtir of :).1-.j. frrrn

within the first lorirm. Thereafter, iheSr either rerirain
paralleL-sidedr or taper sligirtly Rs in p.eil:ericlr.ei, io a

disial r';idth of z.o-z.Zrnrtt i\t,tenJ.aiion of the pericern
and developrnent of lists is less ;Tiar,ied tnqn in F.ethrlrirJi,ei.

Thecae are spaced 10.5-1 z.j in ,,i Onrn, the .qp.ertural
margin of each passing srnoothly into a long robust hori zontal
spine. In the proxirnal regi on r spine s ere rela tively short,
but in the mid and,Jistal portions of the rhebdosclne they
reach 2.Omm long and O.4:ntn vri,Je at their basesr and r,3trjemble

those of Qlossograrrtus acanthus [11e s anC ,'f oo,J .

In addition to the main apel"tural sr:inesr a pair of ,

rnore slender, upivardly-iirecte'l tlnternlt 
"!',ines arise frorrr

a bout the level of ea ch thecn I B pert ure . One or tivo thin
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c onnec t'i-ng J.clrs ( ttli iisre:i,i;-lrits' of i,snr 1 9tg) joi"n n,:l;acent

s'fcceBsive spines 'rni rsi)r'3D,lFt p .r^acl: Giritrr,liflred lacinLn.
r:lxclvation of tne gnciosing shqle of i.:.-lvu::*1 sileci,rrens

sho'ii'ed *rhqt the l,atern1 s;:ir:es probabl]'projeeterl fron the

Leteral :iisrgins of ihe thecal Fitet'ttrreB, ti:e aruftflg-e;rent

of spine s beLng similar ;to thet of Gleeso,.,rlp. !u,s qi4ciisli
(Hopkinson) uo ceseribed by .laRnu.qson (r ggoa:J zo rtelrt-fig.5) .

Table XIII . Dlmensions of lnraqloEsqilflrLgs Ueel.nndlcgE sp.nov.

(**. )

S.De cimen
I]0.

Le ng th iriaxirluffi
nidth

Distel
rvl d ih

?he eae,/ cm

I/G79

Ve 8;0

vG81

VG82

VGSJ

21

1g

16+

19+

15+

3,.5

3.4

3.4

3.1

5.C

3,5

3.4

c?.2

2.O

?

1 0.5

11

12

12 .5

12

Dlseus.:ioR. The long robust apertur.aL splnes and slmplif ied

lacinia are the nrost dlstlnetive features of the ifelson
spectes. SB,eclrnens in wi:ich the lacinia c&flflot be seen

resemble Gl.ossoEraptus aennthus ilLres and i!'ood but are

dlstinguished by their paral1e1-,s1ded r r,Fiher than ova't,e
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otrtline. Ji'roril the i'ii;-ii"s .rn,l oLr;n.r;tn t3 j.: v$n bJ, iriq ( t gtr::
361+nfig"15b}rFart,r-1cEi:F,.;ill:-:l':q.l :r',: g iuu, Geh r:rid yin,
has morll' nJ-endor s;:ines , i i;l,i5i-r tl.y- l', i,c *r rirr:.lcjo$orne, anc)

.B iirore fully develoieC le.cinia. F..?,,.r,,1-...t:llic;1.,q is
distingu5"shed fr"o;; F.nr:!reg* (iiai,r.i. s and -ho,iias) ;r,alnIy .uy

its longcr'r,rlof'*i robust Gpitls$, its:rlder rhab,Josome, and

the absence of, a Iong pro.-{i:rts1 .rpilie,
nhe fiileclmeh fr,pr;r the Gier,of;ile ShnLe, Frltigh

Colurtrbla, flgured oJI Huedemann (1g,,+l :pl.77rflg.1J,) a6

LE$ioqrao:q.q (iiallorra"+u*1 eq!ipetu., (nnens ann) uppuars to
have a sirnirar slrnpli.fi.ed lpcirris, hui the spine
srrangement eannst bs cleterniined fror. i,he published figure.

I+of l agl_at,J iocr,tities. G Z/ :68, 5g?-.

t o sone B at Aorangi. iriine .

nhe forrri is confined

FAi.rrLI LlFfCGF..Ai,Trli.lJ Lapvuorth, 1880

GENU$ I,gnt ofir:apj sS Lapworth, l BT j

I,gp t qsrq:: tgq sp . ef . i". f Ie c s iel,uq

Flgs l+9a-br Fl.14rfiE.1O

cf. 1855 Graptql.lttrue flFccidus J.tiall

(.i.Ha.1 , 1s55)

t1 t+3, Fl.2rfigs 17-19.
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cf. 19C3 Lep.!.pfraptus i'lac c iC ris ; sll::s and iiood (s.1.) ;

106-i12, !1.14-15.

Reniat'ks. l-ielson specir,t€11s rar,ge fr.oiir i.'or.;iis ri tir verJr

slenci er rigid siii)es, such a s ihose of
E11es and '/i'ood (fig.49a) to fc:rrirs with g;raCuaIly rvidening

curved stipe s resertrbling ih cse of L. f laccio us rira cilentus
Lapworth (r:.g.49b). Poor preserva'r,iorr of the speciriiens

d oes not allolv the structure of the proxiiiial region or

d e ta i1s of threcae to be see n.

J

F1g.l+9. Le-ptosraptus cf . tlacctdus (ttatt) . a) form

rlth very elendler stlBee such aB those of L. f laccldue
macer EL1ee and itlood . VOI I j r Localt ty 519/GZ4 t

ilangapoka valtey. b) rorm wlth gnnduarry slcenlng
etlpea such ns thoee of L.flaccldus macllentus Lapworth.

Ve125 , localt ty 919/510 , rTangapek,a Valley. Both

speclnene x 2. Zone of Orthosraptus.
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Eerie-gp-€F.d locnlitieq. gz/6c{:,, 6c,7 , 5.og, 6t o , cz4. '

Eone 11.

The speelrnens figrrred bst l,eble Enri tsenson (lgeg l
862'-3, Pr.1o7rfis.37) as @ vor,Einr:uslgg Keb1e and

Harrls , frorn Cobb Valle;1r Gfinn of pe tr.a eed ; the locaIi ty
given ulra s G. S ,1231 ( Sl 3/+EZ) . Skrrarrr-o UgaZ) re'colleeted
the lceallty Broving it: upper Darrj.wi"lian sge (zone of
Gl;yptosrap'tus t€r,e tiuqcu,lus,) Uut f ailed io f ind further
specimens of Lentolrllaotlis. Tn view oi the indefinlte
flgures and deseriBtlon glven by l{eble and Ben$on, the
presenge of the genus tn the @qqgllq_gcglus
z one j. s que sti oned .

GEliUg Nemasrpplus Ernmons, 1 855.

Neriasraptu,s sraei 11 s (J. HnIl, 1 IJ+7)

Fig.50r S1 .15 rfLg.J.

1 847 Greptollthqg Hlaci,lls J. Hal"l t?7+, pr .7tlr flgs 5a-d .

19Oi Nemasrabtus qnacl,lie,; E11e s and i{/ood zl ZT-g , Fl. .l 9,

ftgs 1a-,t

19'62 {engFnaplus sraeil.i.F var.gojeorgg-enslg skwerko zzzg,

text-fig.4, flg.1 5.
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P-eniarks. Altiio,-rgh poorl-;r preserved tire lteI;ion specimens

have the distirrciive l'natdosciri€ .,1orin of ii.t't'a"iitt.

\'"\ / , Flg -5o. (ttatt) .
t,

I iY\ Incomplete and fragmentary rhabdosome;

,/tt-.\ r 2. vol 021 toeal.t ty s5/526, Paturau; __
,ll
-' \ Rlverr Aorangl lilne area.

i Dlcellosraptue zone.\-t

Skrvarko t S varietai riarle aoteoroeensi s ( Sx'liarko 1962:

228) i" not availabie u.nder ihe International- Code of

Zoctlogical Nomenclature ?ga1 Article 1i). Sr'lvat'ko

recognised that his forni lvas "close1y related to typicai

N.gracillst' and it is ggouped accordingly here.

I{orizon an,J locality. Tvro specirnens are kno'sn from il/52A.

Zone 1O.

Le;lagraptu*s r.,r.aciJis is costiropolitan and is lvideiy

regBrddd as indicating the base of the Carad ocian stage of

the standard British sequence.

Skwarkots specimens are from the l{emarrraptus gracilis

zone of Cobb Va1ley.
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qAh{II;Y ryt)AE Lapworth, 1873

CIlINUg D,j.er,ancl.6Tre,otus J, Ha1I, 186|,

Dlcrenqeq-nptuq, ni ghqlppn! (Hoptrinson, 1 870 )

I'ig.51 , pl.15rflg.6.

187O Dlcrgh,oeraptus nicholson! Ilopir,inson z357 rpI ,16r fig. ;i.
1904 Q.nlchglqsnl; Elles and Wood 2171-3, pl.z!rfigs 1a-,h. :

1 9q5 F. ni ch ots on r; tsuIman :35-40 , text-figs 1 B-zo ; pr, 5 r

flgs 1 -11 .

Eqmarks. A s ingre fregment repr€ senting: the btserial
portion of the rhabdosome, is pres,erved in Bart relief and

shotrvs the shape of the thecne. f t agrees well with Elles
and v'tfood I s descnlptlon anil part j.culanly with Bulman t s

d eserJ"ptlon and llLustra ti ons of speetrnens from Laggan Burn.

$, ff Fie .51 . Ptcrllogrrgptue ntqholeonl

I t "r (Hopktneon).: Inoomplets bl senlal
./.t t'f { portl on of nhabd osortre i x, 5.
T1
$ f 

1r(t10o' locetttv s3/926, Patrrau

' 1[- Rtver, Aorangt titno area.

V Dlcellosraptug zone.
I

I

I
I
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Horiqc,n nnd loe alitE. Bj/525. Zone 10.

D.n1gh,,o-1,qgnf is irorldrrlde; its range in VJ.etorla ie
' fronr lower Glsborntan to upper Eastonian.

Dl,cJan.oEr?.qtus s;p.cf. D.hiqns T,S.Hal,1 , 19O5

Pl.15 rf 19.'1 0.

cf.1 9O5 DicFanqFreptgs hieng T.S.Hallr pl.5rflg.6.
cf.1955 4."4i.ans; Harris and Thomas z9-1O, text-figs 15-1 8.

Bgm,ar[s. The Nelson speclmen lias a short biserial Bortion
an,cl a pair of pnomin,ent lateral spines on the lnitlal tvro

thecae. It resernbles the descnipt:lon and figunes of P="iriane

by HalI, and Harnls and Thomas, except In S.aclring thecal

spi,nee aftor the lnitial pair.

E gg_gpF 1s,paL1tg. Sl 9/607. Zsne ,l 1.

D.hians 1s known from the upper Eastsnlan of Vlctorla. I
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GENUS DicglloFrairtuq Hclpklnson , 1871

DI ceJ.lorrE ut$s !.nf o ? Lnpworthr , 1 ,880 .

PL.1trfig.4.

? 1880 Diegl-lg Lapworth :151 , p1.5nf1g.19a.

? 19,04 D,lnjggtgg; X,lles and tTood 2145-7, text-f,lgs 9oa-d;

pI. 20 n f igs Lpa...f .

Rernarics. In general rhabdosoine f orni, the I{e "son opscin;ens

sgree with Elles and Wsod 's descrlptlon of D. tntoftls; the

rhabdosoraes are poorly preserved houuever, and sho-w "L theGaI

details.

Hoqi?qn gqd tocal.lties . 9,2/592; s1 9/5OV . Zones 1o-1 1 .

!.cf.i,,ptor.tus iras reBorted frorn Cobb Valley by

Slcwarks. t'lr$Lgltqs'f ( Thomas, 19ffi 3p1. 7 ,t:.g.98) ranges

ln VLetorla from lower GisbornLan to lower Esstonl,an.

. Die,e$ograptuq-pa,tulosug Lapwort,h, 1 880.

Pl. 15 ,f 1g, 'l .

1 880 'Qlqetloqreotge palulosus ' Lapworth ;1 62, Fl.5, fig - i

i

1 8a-f. l

l
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1 9Ol+ D. pa ! +1o sE,; ElLe s and i''lood : 1 47-8 , tex t-f igs )l a-e 1

p}. 21 , figs 5a-e .

Remarkg. Nelson speclrnens sgree weil 'sith lSLIes nnd lVood t s

description of, D.pFtulosus except that iilaxlnrum stipe wld th

ls 0"5rnm ratherthan 'l .Oi'nnt as ststed by llIles and r?ood.

Howeven, from iheir figures (p1 .21 ,flgs 5er5e) forrts with

Rarroff stipes suah as those of the Nelson specinrens were

al.eo ineluded' wLthin the specie,s.

4ori,zon and. , ,oeelltlqF.. s19/507 , 521 . Zone '1 I . :

D.patulogqs ranges in Victoria (fhsrrras 1ge.O, pI.7,
fig.97) tfrroughout niost of the Glsbornian and Eastorlian

stages. It is kno'wn froni the zone gf, N.gracilis of Texas

(gerry 1960a :76) and is eoffinon in the z.one of Clinaqon{alltus

peltifgf and Eesgsqgp:tutr_mul,ti4gns in the Glenlciln $hales

' of Scotland (Bttes and lVsod 1 904 11 +8) .

Qiceltgsraptup sp. ef . D. sFTtaRs (J. Hall, l Shi) :

i

cf .1847 Graptollthue eextgns J. HalI 2273r Pl .74tf igs Ja-e.

cf.19Ob Dleel1oerao,t,uE,seIt?ng; E11ee and Tfood (s.1.) , 
I

153-5, F]. ,21 ,figs 1a-e. 
,

t

i
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Renrarks. i'lllth thei r rela tlvely lvid e a.ii1s, the I{elsc,n

spe cimens resentble Flal,l t s figures ra ther than the rle scni p tl on

by E1Le s and ,if o od .

Eofizon and -gcaLitiee. 32/57+, S3/52o, 31g/51t1.

Zones 1O-11.

D., sextltng was recorded froin 0obb Valley in tt'lorysr to

middlert Oi sbornian bed s by Sirvrarko U gAZ 2231 ) , and ls f ound

ln the Gls:oornian of Victoria. It has been reeordeil widel)In

oceurring rnainly ln f ocJts of Carad oc i an or e quiva lent age .

Dtc,e4,ogqaglus se.xlans exllig El1es and Woodr190+

Pl.15rfig.7.

19Ot+ D. s,extans var. exilig Elles and ',Vood 1155, text-flg.
97 , pt. 21 , f igs Za-d .

Rema rks. Nelson .qpe c irnens agree well wi th the f igure s by

Elles and Wood.

H.qr,t,4 on and f qcall t:rr. S2/592 . Z one 1 o .

D. se:,rtan,s exllls lvas recsrded by Skwanko fronr Cobb

Valley 1n ttlolller to rrriddlettGis.bornian bBds. It is knowfl

from the u ones of N.gracilis and C.bicornis of Texas (eerry

1g6}a z7V) , f rom the C . Qi e,ornl p zone of, Ilew York ( gerry
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1962a , ta ble q ) , frorr, tire ir.,l:rn c i.l-i s zsne of northe rn Yukon

(Jackson and L,en,z 1952 : q0), and front the li. firFeil-is and

C. peltlJel u ones of ,3ri tain (Uttes an rlood 1 9Ot+ :1 55 ) .

FAi'IILY prPIiAORAPirDAs Lapworth, 1873

GENUS Pseud oclin,acoq,raptus piibyl , 191+7

Pseud ocllmneggraplus sp. cf . Amqfe:{o;ffra.p!us , modtc,ellus

Harri s and Thonna s , 1935 ,

cf . 1935 AmpleEgsrap lus ruEd ic e.i] tlg Ha rri e and Thoma s i J00 '
flg.lrnoe 1Oa-f; fie.Jrnos 17'20.

Remarke. Several small, thin, and generally poorlJf preserved

cllplograpticle from Formation B in zone 10 wlth rhabdosomes

unde r 1 cra long and 1mm or lees lvide, resenrble Harrls and

Thomas I s dessription of g. mggig-g]] , The s,rpr' a-genicular

wa Lls of thocae ln the proximal Srnm are general$r convex t

the aBertures betng slighttry introverted. The shape of

more tlistal thecae is not known but the Nelson forr.s 8ro

Fig .52, Fl,14 r f le .fi t 6.
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rnost p,robs bly referrable t,o Fse'*{ oelirrr3ecrzrentus prfU.ytr 8s

d l.agnosed by Jaanusson (t 95Aa; j25) r.ni by tsshnan e nd

RicleareJs (lgg8 z2). Haruis nnd Tho,rrrrs noted that the

ttfree ventral edges atre sLig.htly eoflvex'r in A. l'od icell-qg;

f,rom thei:r f lgures, conT/exity is less rrarlied than Ln ltelson

spec lrnells ,

Eo'ri,Z oR end localitleg . 93,/525.

4 . mod i. ce tlus range s f rom

t o lower Gls,bo,rn,lan in Victorl a .

Zone 10.

upBermost Da,ruiwili.an ( Par+)

Fseud,oel,inrgcoEraptus spp. in{e}.
7-8

Fige 53a-b; Pl. 1 l+, f lgs 6-l .

Egmarks, SmaLl dtBlograptlds wlth strongly or sltehtly'

Curvocl supra-genlcular tralls and introverted thecal

apertprs E are, o omITNon in the lswer part of u one 1 CI ' They



n
F]
Fh

F1t)
Flg .53. Pgeurloctt-macogEaptus 8P. a) lneomplete

rhabdosome showlng convex supragenlculnr walls anrl

sllght}y lntroverted thecnl apertureg. GR91; localtty

SZ/5g2, Aorangl ii,itne area. b) proxlmnl port,lon of

rhabdosorne showlng eonvex supragenlerrlnr walls and

tntroverted and sltghtly lntrotorted thecal nperturee.

GR58; localtty 33/526, PBtrrrau Rlver, Aornngl hilne

area. Both f rorn zone of Dlcellograptus. Both f lgureF

x 10.
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erg g9il9r'5r 1ly itoL,ri',r .-,r;JJ!','i,)it Ju',.r-'-,,_ :.'1, ;r:j..u aL'tjigir

t,hecae ihg',r l;eio:.:g to i,it: lleit';:j -jltr',:i':CC r,..:-.Ltt,,-'r.o.:i,itS piio;rI.

ieveral i,r,;13 are l-i.'-gl-rr Lo l,t-; r-t.ttuil'-l1,sd.

Horizctl ?nc locaiities. S2/575, si/126,, Zone 10.
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GEIfUS Ql=irnacoqrapf,us J.I{rrlL, 1 9'oj

Cl=J.rnacosraptus bicornis (J.ltrall, 1 847)

PI.l6rf igs 9r10.

1847 @qo:!plilhus bj.e,o,rnls J. Fiall :258, Fl' .Tj, f igs ps-S,

? 2o-s .

1 905 C. Ei.eorni s ; Elle s- and rffood 2195, pI. 25 , f igs 8a , Bc-f ,

? 8b,

1gl+V e . bt.s ornig; Bulrnan t5g-62, text-f lgs 3Q ,51 , jza-c i
pI.Brflgs 9r10; pl.9rfigs 10-1J.

Bemarks" Nolson speclmens are poorly' preserved but agree

well, wtth the r descflBti sn by Elles and iVood . The ba sal

spi-nes are generall51 long and sto,ut, correspond ing to the

later rather than the earller form sf the species (ntfes

1925 l3l+1 ; Thomas 1960 :12) r 1

I

;

Horizon and localiligg" 819/605, 613. Zone 11. i

G. blgornls raRges f rorn loyrer Gisbornlan to upper

Eastonlan ln Vict,orla. It is eonf ined to the u one of

C.ble qrnis in Texas (geruy 195oa :79) , and ts Known wldely 
,

ln North Amerlca, Europer U,S.S,R.y and China, lts rangg

gebenall]r lyi.ng withln the Caradscian or equivalent etra ta.
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Pl,iinaco.qraptus orevig illes and iVood, 19Oz

Fig .54; --o1. 1 5,fLg.3.

CliraFrcOsEaBtua brgvt s -el,llss and i/ood 21fl,2-3, text-f igs

1,25a-b ; pl ,2V, t'igs ?a-t .

g. 'b.f eti s; Bulrnan z 62 , tex t-f igs 33a-c; pi . $ , f lgs '1 

-9 ,

Remarks,. Although BoonL:f prsserved, the lilelson speclrrlens

agree rvell wl th the de scrLpti.on b;r illle s and lVsod , and by

BulmaR.

Ftg. 5it. Ql.,toggegEggtus-bfaglg Ellse and

{ood. Cornplate nhabd osome; x 1O.

oR53; locatt t57 2/565, Aorangt tdlne

arsa . lr.{gggra trrs z one o

I

i

firT;\
I.'; 1

\Ii
t il)i?\4.4tl

) ,')
F1
tt?

, [lf
V
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Ilg=ri zpq "elld, 1ooaI,i r,i es .'o2/53g,,Sjj, Associated forrns,

Crlrpt o,firap t usGLyetcryqaLtrlF t.ere1!iis.c ui'as sicca tus,

scilaferj=. Z,lne 9.

e . brqvlq, i"s .irto.r'/I? fronr the upper Gisbornian of,

vlctorla and from the ?,Dne of Uo,qrnci-lis and of C.pe}llfe.r

!,i,.rng1ti,cerrs in tsritain (ilttes anc r'/ood 191 B) . The

tspecies ls kilown fron: Upper Cnradociarr L'eds in Siveden

(nudding, 1915a) and Eelgirrrn (Eulinan, 1 950) .

Olimacosrapt'J:s c?udatus Lapworth, 1 876.

Flg,55i p1.16rflg.7.

1 876 Cliruacggrapt,up, c,e*dgtus Lapvrorth, pI. 2rf,ig.q8,

19AZ C. oqudatug; El.les and rrTood :202-j, text-f lgs l JJa-d.

Reryq4e. Nelson specfunens are

the tr rhabd osome d innensi ons and

and virgollar b,oilSf'' the,y rnatch

Wood. Lapworthts deseription

poorly preserved but with

outline, their long virgella I

the descrlptton by Elles anrl 
:
I

has not been s€eR by the 'rrriter.'

Hqrlaon _gg{__Lgggli!lt. S191620'- Zone 1t .

9.,eaudalus ranges frorn upper Easionian to Lower

BoLlndian ln Victoria. rt ls knonvn from the zones of

Q. trqnqatue._i,ntgfm,edip,s, and 0. oqnd tirnucrgna lgg in Texao,
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Fte.55" Cllnecogrgot,ue caudatus LaBrorth.

Pnoxlmal portlsn of 
"l"bdogorae 

shorlng

vlrgel,lar body i t 5, eRlO6; locallty
519/520,_ rlangapeka VaUey. Zone of
QlthogEaptqe.

f trorn Ple,urogra^otu,s iinpaf ls u one becls ln Belgium ( Bultr,"n

195'0 :5-6) , and f rom tire u one of D..qll..nrsni ln southern

$c otland.

I

\

f

Cllmq.coFrggtge hastgt*g T. S. Hall' 19Oz

Fig .56 i pl.1 5 , f ig .'l .

Olimflcoggaptns haFtata T.,S.Hall z5+-5 r Pl.14rflge1go2

1 955

1965a

1-3.

O.hetstatue;

C*ha,s@tus;

I{arris and Thornas :PI./rfigs Br9-

Berry (ttvar.Jtt) :1 70-'N, text-fig.2.
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Re-rnark.s. iiallt s ori;qir^al ijescription has not been seen
a

by the i'rriter, but Berr;' (1965,) hqs r,ecently re'iescribed
A

the speclee r recognisirrg eillht lnfrasaiJ.$p€cific vari.etles.
The single }ielssn ripeciinen rilost cioseLy reeembles Eerry t s

rfvariety jtt'.

Flg.55'. gDggg-hg.slggus T. 8. Hall.

Prorl,mal portton of rhabdosoms ehowlng a

slngle palr of proxlmal sptnee; x ,.
VOt 19, locallty $19/6O6t flangnpeka

VaUeyS Orthgsr'flptug zonor

ltorizon end ,- . S'N 9/606. Zons 1 1 .

AcaordLng to Berrye rt0.hastatus var.Stt 1s eonf,lned

to a single Eastonian locallty in Victoria ( ftlocality 2l+,

trllelllngton P.tveril, of Harris and Thomas 1955) .
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OiimrqE{r"eetils sL). cf . !. r't,lf eii,e.nlii,s, }iar,ris, 1g24

F1.1 6rfig.8.

ef . 1924 
.nT=Tnu 

r'lrlneileuots. ilarris :10o-1 , pI.B,

r,L63D " 11?-'

cf . 1 9654 .Cr rid oeil,Erl ig; Berry ; t*J9-40, pl.50, f lgs 1-5,

Remarks. lfelssn specirnens agre.e rveLl with ilarris t s and

wi th Berfy I s d ascri pt i ons oxcept tha t spe rtura I exc Fva t,l ons I

a s out lined b;r ths aport ural ntril lnf ra-genicular li sts , a re

Iess curved, deeper, and more noarlJr hori zontal than in

the, Victortan f orrns.

I{grizon and -Iocality . 3,21595 . Zone 9.

C.r'lri:4e,lrl.pnsis is ns,wn from the Darrirvillan (na+)

and Gisbornian stage s of Vietonia (fiaruis 1935; fhoma s and

Keble 1933j,

Clirngeosraptus !,gbulifgtqgg Laprvorth, 1 875.

Pl-.15rfig.2,

1875 C "irqqgosnaptu,s tgbut.iferoq,s Lapworth, pl. 2 , f 1g.49.
:

19OZ Q.tu'ou1iferoqF; Elles antt iVood t203-4r texi-flgs 
i

13+s-b,; FI.27, figs 8a-d. 
:

'
I
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&gq,q.gEg, r{el-eon s'eci;nen; Fg.ees welr rvith lirles and
Woodrs de.$cription, The dlstal nvsssleleu Gan be traced
through the cLstal ?--5ctns of tire rhabdosJms, anrl extenrle
2cms beyond tire rha cd os ;u,e riiat-liifi r Fea,chlng a flaxirntilil
tridth of J'irnrF,' Lapr{ortirts descripiion hns not been seen
hy the .,rrL te ^r.

$o{iao.n-anrr .locar:i.ti.e,s. g1 9/Ego r621. zone 11 .

0. !gh+L!f,ero:qs is known in vietoria (thomas 19do :

pI.9 rfigs 1zD, 1z6b) in tho upper Eastcnian. rt is f ound
in the zone of o,, quedriq'rqtpna t..E of Texas (Berry 1 gboa : gJ)
and in the Basln F,anges, .'/eete,rn united states (noss antl
Eerry 1963 2132, F1.1Orftgs 1rZ). It is lrnorvn in niftain
in tlre zons of Dr gr.insa4r (:tta e and i,Ioocj l gaz) .

GENUS Dlnlos{gntus irleCo,y, ,lr g5O

EplggreElps?,Ieco{g (Hanrts and Thomas, 1%5)
PI.1 /, fig. 1 .

1i935 (? )Megqsraptns decoqqlgg. I{a*is and Thomas zzgg_]l0O,

flg.Srnos 31-58. i

1947 var.Elg!€gl; Ruedemann (pars. ) ,
pl. 7'f p f i.g.5l9 .



296

19'63 Dig-Jg.oreqtrJg-{eoor:a tuq trvar. iriuLtustf ltoss entl Berry !

1j5-5, Fl. 1 0, fi;s 9, tr C ,1 i .

1'966 gqqatqq; i,ronris and I(ay : text-fig.

F.eqarkq. The only courpl-ete lTelson,specimen has s lanceolnte

rhsbdosoille 5.4crns longn tridening froir. O. prnrn proxlrnally to

a rnaxiftrrn width of 3.5n'un in its rnld portion, and tapering

mark,edty to & distal width sf 1.7nrn Thecae are of
trarnpLexograBtidrr type throughout, spaced 13.5 in l Onln

proxi,rralty , 12 in 1Orn,-n distaIly. Tire vlrgula can be traced

through the mid and ,Jistal porti ons of the rhabo osone and

extends just belrond the distaL nnrgin rrhere lt bears a

heart-shaped ttt*qslele[. The dirrrenslons of lneo,nplete

specimens ciosely rnateh r of are sLigirtly less than those 
i

glven above.

The NeLson forrns riost elosely resemble the t'no

specirnens figured by llsrrl,s and Thomas ln fig.3, no.J4.

They dlffer fronr the Vj-ctorian speclruens in the more

pronounced distaL tapening of their rhabdosomes anii the1r

more consplcuously rramplexograptiilfi distal thecae. Harnts

and Thornas (p.298) stated that ,JlstaL tapering ryss eofirnon

and (p.299) tnat rhabrlosome f orm rvas extreme.ly variable 1n ;

the species; sa* the $lelson f orms are here refe rued to 
l

decgratus, pendlng a review of the specl€s. l
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$pectmens olosely r,retching the ifelson fonm have
been figuled b;1r Rsss ar:ri gerr;r aB ?. rJecora!-gg ,rvep.EEL!-U*,,,

var.fiov. I fro*r tire tsasin S.anges, ,.,/estern U.,S. A. ; and

Rued enrann (t gOg :4qO , f tg.40g, end 1g+7 ; pI. Jl , f igs 5j r54)
flgurec the distal portions of cornperabre tapering
rhabC osomes f rorn Nevada with heart-shaped virgular append ages.
$imi1an but wider speclntens were f,].gur,,ed by.,iorris and Ka,y

a s D . C,e,c r? rgt ug , fr on lte irf ound la nd .

Beeause of thetr frarnplerograptld" rather ihan
Itorthograptidtr rJistal thecae, the i*r'eIEDn specimens are only,'

doub.tfu11yretainedErithin@(seed1agnosisin
Bulman 1g5D :v8g).

EeLt-E ti,ties. SZl53g, 1ii. Zone g.

fhe species is conflneC to the Darriwilian (n":)
in Victornia (Thomas 1950)" ir'iorris Fr'ld KaSrrs speeimens

were f ound in bed s wi th ct{dl o_graot,us er-,ervf ordi and

9l.os,Eoeraptgp hf-qgEsU Ug0A, text-fig.t+ I), eonsider,ed to
be Llanvlnnian ln age. Ross and BerrJrt s materlal ranges

ln age fro.m the zone of p.etheriiJgel to the uons of
G.-ter:etiFs,eulug, in tetrrrrs of the Texas zones (Berny 1950a).

D4pl,qgraptus sBp. l.ndet.

PL.l Trfigs 216.

iRe'mar'}<9. Indetenrninate speeinnens of pjl]ggqnotLr.g range from 
i

'
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forlnsv.tj-thwider1i;:bJosui,leg;}UGiinsthoseof@

to f orrrig '*:ith Inore slenier rhnbrl gsr..rfntss antl ;'nore ivioety
spacao distaL thgcae, such ns ihose of p. cressi",t,estus
Ruedemenn (1947 :pl .71 ,figs 3-g,) . A1r rriflteri.ar ts poorly
preserved and is listed fis ?t0iOJOg.flgg_gg 

$.o.fr

Egrl zgq_Slt,l _l_oea 1i iy. 82/592. Zone '1 0.

GEI{U$ Elles and l/osd, 19AT

Aniple rosla p_t us g onf,g rf tq s (t a prvonf h , 1BT5) .

Fig -57 -

1875 Cl.imPeoqraptus qunf ert,us Lapworth, ir liopriln.son &
Laprvor,th z 655 r pl . l,t1 , figs r{E-c r 4e_f r ?4d .

19o7 Aniprqrgsrqptu$_go+€q.r,tus; Itrrles end lr/ood z26g-7o,
text-f lgs 1 B5a-e; :ol .-j1 ,figs 1ga-e.

1955 Amplq*Oe.rgqtqs, gon{pntus; Harl.is and Thorrias : jOO-1 ,

fig.1 , nos 1 4a-b I fig. J, nos 21 -26.

Renar'Ee. Nel,son speclmens generally agree lrith Lapworth I s

ftgunos and with E,Iles anrl ftlsod t s description though thecae
are sltghtLy rnore widely spaced r BS in the Victorian f orrng

d e'scrlbed by Harris and Thcrma s. The proxifiial end ln Nelson

I

I



specirc3lls is
| ^.Thoma s ( fig.1
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i:1unt reGe;.iirling tiiat
.\,,no,1qa), ,iith a pair

'cy lia rr i .: and

ba iaI spines.

.r-'i; ;f e d

o-:' sh ort

F1g.57. Amplexograptus confertus (Lapworth).

Irnma t ure rhn bd os orno ; r 1 O. GR94 ; local l ty
S2/5A2, Aorangl Mlne area, p. etheriilggl zone.

i{orizon and loc_pl-ity. 52 /582. Zone 8.

ttA.conferf,ustt is reporied to 'ne ::/orId'riJe butr os

Jaanusson (t 96Oa:352) ecints ou^t,, ir.aHf records are

unreliable. Ths species ranges ln Victoria frorn Darrirvilian

(OaZ) to iorrrer Gisi:ornian. its horizon in Brj,tain, i,ivsn

by Clles (lgZZ :27O) i* Ioiver r,lanvirnian (zone of D:bifidris).

Arnplexograptus sP. cf . A qonfertus (Lapnorth,1B75)

cf.1B75

cf.19O7

Climacoitrap_tus confertus Lapworth, ifi i{opkinson &

Laprvorth r'o55 r P1 .34 ,f igs 4a-c, qo-f r ?4d .

Ainp-lre:so,trqp+,us conf ertus; Illes and 'llood zZ59-7O,

toxt-f igs 1B5a-c ; pl .31 , f igs 1 8a-e.

A.confertusl llarris ar:d Tnonies :5C0-1 ,fig.l rnos

liaa-b; fig.Jrrios 21-6,

cf. 1 935
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Ftene.rl,:s " SL)ecX,ntenq r.ese.rtble A. qqn{c{lug Lapivorth e;(cept i.n

having rhacJosotngs 'lrrich fa{ifi$ f,'ro;u 2.0-?.Jrun in inaxirniJ.m

tvtctth rather than 2nrrn or }ess as given by -Iiles a.nd i|ooc

( t go8 2269) and by iiarrts and Tiroriras (1%5 :Jol ) .

I{oriz,gg__qnd loealttis-g. 3?/572, 575, Eone fO.

GENUS Glrptp,q ra nt us La plrron th , 1 873,

Glyptoqggpt'J.s q,u, t,rq4qntg@ ef . agstrodentetqs Harris and

Keble , 1952.

Figs 58a-b; pI ,17, f igs 4r5 .

cf . 1932 Dlqlqsrapt uq (,O1,-r.-"tEE4Fp,t-ge) eggllg$egta-tus }Iarrl s

and Ke b1e 239 , p1.5 n f iga 4 t5; text-f igs 1 -4 .

ef . 19i35 DiBl,os{gptus (GlvEtogqa,p.Lus} ageEtodentatus ; IIarule

and Thornns 129,5, fig.J, nos 1-5.

ef . 1 9634 GlrretEElgptqs ggetrq,l e'ntatus austroclentatus ; Bulman !

579-SO n text-f lgs 6a-e ; pI .97 ,t'lgs 6-9 ,12 ,15 ,

Remarks. Ifisst of the Nelgon rnaterlal i s fLat+uened and
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Flg.58. Glyptogrgptue austrodentatue ef.auetrodentatue

Harrls ancl Keble. B), proxlmal portlon of pyrltlged

Bpeclmen ln part rellefp obvorse vlerr thowlng the

tnltlal f our thecae of stlpe 1 ( ttrt 1 - bl ) and the

probable etreptoblastlc ngture of development. Thecae

of stl pe? are not preserved but the outline of theca12

can be seen frorn lte rnould ln the roclti r 20. OR56.

U), tncomBlete mature rhabdoBooe pyrltleed ln lor
reltef, showlng relatlvely etralght dlstal lnterthecaL

grooyes ; r 5 . GR5t . B,oth spec lrnens from local,l ty

92/568, Aorangl Mlne area, P.ethertdsel zone.

||

3l



302

poorly !ire.j,jrve,J h;,,,, (.ttn boul-ter ..?oi,-,. localit:f lZ/i5g in
Slaty Cree-Ll c'f,ntej-ns si:r/erri t-l:Fri:lilirt,er;,r lryritised Bpecirri:n$,
oi' w^T ich t,yo nre rgiz, tivci,r ,ie j_I )r,;.i:rveo in .;e;ni_reIief .

Ljpecir'irer Gs'55 (:'ig.53a) iu y)r;.servsir in ribverse vi,s:r.
Ti:e sicula is not clesrly oat,l;.ne.i ar:,j its ripertur.al portic,,r:
1s liissi.ng but iheca 11 call re uistir:g*risnec, gr,o,ring

verticalLy doruti,val'cJ.s for ai l-east C./,,lirr befcr.e tr-irt:ing
sharply out|ar,Js. Theca 12 i.as broxei: ,?rvrr;,, e out fro,lr the
irirpression reniaining, its niieriurai n.argin lay siightly
beyond the leve 1 of tha t of. th1 ' . The ini tial portion of
thz' cannot be sesri but frorit the pcsition of its qietathecal
portion, and of the th2' /St ,nierihecal grorve, it is alrr,ost
certain tiiat developrnent ryfls of tire sireptoblastic t;,lre,
confirrning Buinian I s (lgaSa:580) sJ,ggestion f or victorian
spec j-insrs. The apertural lrorti on of tn1l i, someivhat

introtorted anC introverted.

specinren GR51 b (ris.5Eb), aiso in obverse view,t
shows the lnterthecai grooves of nrost distal thecae to bo

reiatively straigl:t, resembling those of G. intersitug l{arris
ancl Thoi,ras. rntrotors ion and introversl on of th21 , is
less rnarred than in specir;,en GRjG. ?hscae aro spaced 7 in
lmrn.

AIl rhabdosoines are under 1ci'n iong. They diffur frorn
G. aus.trodentatus austroclentaius as rlescribed by Bulilan in
having less sigrnoldaily curved clistal thecae anrl narrorver
rhabdosornes. Nelson forins are 1.0-1 .1nrn wide proxlmally,
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and r.Jiden to a niaNi.rrruii :,'i'Jtn of' 't.2-1.{tJiirli, Tihgrggs'

Victorian forrns rviden i-ro,rr sn i.nitlal rvicjth of 1,jiii(r to
I maxlfium 'width of 1 . 5-1 . 9;lr;i. The lile l$on speelrnens, rrlay

well represent traneitl Jnal f or,na iigt,.re.en L-tu,gtrqireqtattls
aqgtro"lenl!+"uE an0 the. riucceeding victorian Bpecles,

G.J.ntsrsltus Hnrrls and Thoinas.

Hori:zon e4C locaiities. s?/568, j\z. Zone g.

GrgustFoderrta tus ,?!r, trcidentetuq is !:noi'i'n frornr the

Darnlwllian (nat ) of victor.ia. G. austrodentglgg ( sensir

lato) has been recorded frorn -exasr ol;ebee, l:.lil.cirfrope,

scErndlflavlF, and chinn, i ts rFn&.e 6en€rn115r lyirig wlth in
upper Arenigtan to Llenvlrnian stages.

Gl;Yptogrgptus sp. cf . G.irllprsitus IIaruis and Thonis s 11gj5

Fig "09; p1 .17, f ig.8.

ef . 1935 gl"qq,tos{antgs lnjersitus liaruis and Thornas z2J5-1 ,

flg. 1 I uos 11 a-e ; fig. J, nos 7-1 0.

Remarks. The f ew I[eIson $peclrrrens are poonly preserlved but

have thecae vrith r,o1atir,'e1y struight free ve,ntral rvalls and

a graduall3r taB,eri.ng rhabdosome metehing the desertpti.on by

Harris and rhomas. Thecal apertures have a convex outrine
1n profile view and are slightly Lntr,overted, unlike those

;.

('

I
I

i
I
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of the Aiistrnl.inn ty-ues; dor'so-vontr.ai ,'tlsii,ir of Uf dtal the cae

app$ars to ee grs uttr'1r: I,ielsorr slecirr,orrs tlran ln thosre of

AustrErlia.

F1g. 59. GlvgtoFraptgg of , l.,ntgrsl tqg

Hanr'ls and Thornaa. Ineotapleto,

mature rhabclosoma, pnrtl,y pyrltlsed 3

r '7 .5. GR/O; localt ty S2/568. Asrangl

irflne aroa, P. othelt4cel zoDrt r

Horizon jan_d locqli,tles. 32/566, 582. Zone B.

G.Int,e,qsltge in Vi,etoria raRges from zorre Da2

( G. inf;er,sllFs sone ) to zane DaJ of the Da tr rlwili an st,age

( Thorna s 196a) .

GlvDtqsrap3us sp. cf . G.,to_rgt,iu,qculus (fiist.nger, t 8uO)

I
I

I

cf. 1 840

c,f . 1 908

Frlonotis. teretluseulu.'q; Itislnger ..5, pl.J8, flg.4.
Dlpioera'ptrs (SUrptpplreptus),teret"iuserrl.Irs ; Elles

and \tood :25O-2, text-figs 1 7'l a-d , Fl .31 ,f lgs

1 a.-g -
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F..ertrarr';s. The Aorer:gi i.ring,Bpecir,,ghg Fr"$ similar ip
rhabdoso:tie fotru:r to G. tqre'.,Lrsc+Lr.iE its *eseriired by Ulles
and i'foori, anJ in ihe f:lrl:: of trreir thecae io G.ef.f,efetlqFc-

lrlus oi Jeanusson (1or6la,: pl.J,figs 10111). They are,

distlngui shed b;p tneir CreF,',,€f thn b,J o"3orr!e'/r'idth anci nlore

wId ely s.paced thecse . Dj. stnl ltirecae have nela tively
strnight ventral u'alls nnC lovl ineiinrrtion and reserr:rbl9

those of the problen:atical ttDijrlqflIa' tg.q st?ieuleturj" Kebre

and Berrson 1929 (see Gkuiarko 1962 z?Jq),.

ilorizqn nn,d Is_ca4it,ies. 52rt575,, 592, 63t+, g3/525.

Zone,s 9 - 10.

QJpretiusealus,v'Fs recorded try Skl,iarlco (lgaZ :235,)

frorn Cobb Valley ancl steited to ll,e ab,un,darrt in the

G.t.er,etigsculqF zone', anri ratre j.n the N.rrrnci.lis aone.

Forms conparable lvith the sBscles hnve a sirrliler cltstributlon
ln the egaivalent zorios a t ,Aorangi hiine. G. tetetiuFcul-us

I s worldwlde, i ts range generally l}'ing i'rithln Llandellisn
to Carad oeian "

G1:rptoq{aptug sp. cf . &+$eretlu.sculus siccq t,!rg Elles and

ll'io od , 1 908 .

Flg.60; pi .17, flg.9.

cf .1908 Glyptosrar,tu.s teretlusculug var. $iccstus ll1les and
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'Uood z 253, t ext-f i. gis 1 7Ja-b, F1.51 r figs Ja-d .

Nelson rhah'd'rsorrles 6re sligietl5r wicler ln the

reglon than th,:se figured b*\'lrjlIes and i{ood but

agree ure11.

Ftg.50. Gl{ptotrraotue cf , tgEetlugq$il4e

gIOEatUg Ellee and flO,sd. frninatu!.o '

Fhabrloeo{!€, t 10. VGI 1t; local,tty
S2/555, Aorangl Mlne area, D.doconatus

ZOtlOr

Hori.zon_ and _l.,ocal,ilg. SZ /55 j. Zone g.

G. te{gt.lusculus sigc-atus has been reiorded frorR the

Glebonnian stage oi \rictoria ( tr,omas 1g'oa, table p.1 9) and

from the @ zone of rexas (Berry 1950a :89). rt
ls known from the zoiles of N..eilacil.ts and C.'oeltlfer of
Bni t,a ln ( nttes and Wood 191 8, table .A ) .
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GIliiUS ()rf ii.o,-'rn ..:t *s'l--,Rprr orth, 1 87 3

9qt1@rrlierr 'r,as .-:+r:t*qatus liiles and lTood, 1907

Fig .61 ; pl.1 8, firs 2 13 16,

1 9A7. DiEloTra rrtug (Crrlho.'ra ptusr\ truneatus var. trhuperatus

Elles anti ,'tlood t237-8, text-f ig .1Jla-d , pI.29,

figs 7a-e.

P.erusrirs. ITeLson specirrrens agres rvell ivith the figures and

d escriptlon by Ell-es and rTood.

Flg.6l . OrtFggrnptgs truncatqs-pauDerat,uq

Ellee and itood. IncoraBlete spsclinen;

x 'lO. v9127; looaltty s19/6A6, lYangapeka

valIey, @ zorlg-

$g iFon +nd LpcaLity. S1 9/6O5. Zone 11.

The subspecles ranges from Siestonian to Bolindian

ln Victonla (Th,omas 1950). In Britain 1t ranges from upper

0arailocian to Ashgillian (uttes anci r'{ood 191 4, tabls A) .

Eulrnan (t ggO) has listed it from CararJocian beds of Belglum.
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Crti'io,qr,fli:r!uF S:o. ex gtr. O. c--,lcorr:tug Laprrvorth

l-ig 6'2i pI.l6rf igs 4r| r7.

Eqnnr:irs. Large specirneng of 0:lt4g.-r,an,tus rp to Tcrns in
Lerr:gth an'S 2.8rnut in lrie.frtrffiu,,r i'y'iCih'are ab'undant in zono 11.

The proxln;al extrentity bea:rs tws el:ort lateral sptnes and

a short virgellar spine anr'l the apertu,ral portion of the

lnitial theca is partietrlarl.Jr wide, giving a rrtnrl{edlJr

sssyinrnetrical outline to tne proxirlnL region ir: blprofile
vlew (rle.5z). The extenced, virgula if ,$peei:uen GRI 1J

iernninates j,n a' sraall f isc", 2.Jr:tn in .jinnleter (pl.18, fig.
5). Although ,Jistrql thecae tn a feri spe oiriisn$ appeFr to

have been spinose as in niefirb-ers of the O,. :u?drin,rerona tus

groupr the overall rhabdoEofiie forni, theear spseing, ancl

Flg.52. Orthoqraptge ox Er.salcg.rAtuB

Lapuorth. Frorlmal portlon'of speclrnen

flgured tn plate 180 ftge \r71 ohowtng

a esyrore tntaal outllne of pnoxlmal snd ;

x 10. VGI 22; loealt ty 319/620,

rTangapeka Valley, OrthoEraotus zon6r

proxirnal end most clooely reseffible species lncluded by Elles
and tllood i.n the Q. calcage tg_g group.
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Horiarin ano' 1oeaLj.1,ies. sl 9/600, 607 , 621 , 6za. Zbne 11 .

Orthqp:rar,:tls sp. ( large forrn)

Pl.18, fi;is 1,6.

Re,ma{h,,?. Rhairdosotrles attain l Jcnls in length; the3' are only

about lntrrt vr/ide for their initial 1c,mn but reael: a rnaxiirrum

w id tlr of J .Jr;trd, J-{c$ls frori:i the 1r proxirria I end . A paLF

of flne basal spines is $gen ir: a t.e!v specin;ens.

?he slender proxinial portion dlstinguishee the I'ielEoli

form frorn descrlbed species of 0rthognaptus.

Ho.rizEn F4Ll.pcalitleg. s1 9/6o6, 6a7, 5o9, 510, 51 4, 52o,

621r 6j5, 6j7. zone 11.

FAIIILY DIPI,OGRA?TTD.AE Incertae Sedie

--- --

GENUS Tri,eono.s'raptus i\icholson, 1 859

Ttijton,qErarltus en:sif ,c,rnri.s (J,Hal.1, 1 858)

Pl.1$rflgs 5rB.



1 85e

1 865

1908

3ro

ir. Iiell :13]' .

Re.!lc1ites er:,:iif,pf,.ri si nr.H*11- 211\-5r pI.l4rfigs 1-j.
Triqogqgr:oltus. ensi r''or,,i;iq; iles end 'r'iood : ]iAZ-3,

text-figs 2Q,2a-c, pI .3D rf igs 1a-e.

F-qniarEq. I'ielson $pecirnens var,y r-licsly in rha'odosorilg shape

and siae but all are Birl:ro;ri.tra tel.y laneeola te in oirtline
and ganerally sgree with the d escription by Elles and i,t/ood .

. gz/ESzr 5g9. Zones 6rg.
T..ens,i&{qils is wroriciivide and has been reporte,J

f roni bed s rangit:g ir., age f orn Arenigi an bo Ca rad oeian .

T'ti,q on qgra p t u s.? sB . n ov .

P'l.19r fig.-3.

R,?Farhe. A f,ew flattened specinrens cf I p,eculian

T lgofi,oeraptus-ltke form fnon, zone 7 atre distlnguishecl by

havlng pant of their rhabdosome rnargin serrsted llke thoso

of forrne descrtbed here as GraptoL,aid spp. gen. g!, app.

indet. Prs'sorvatlon is tnsuffic,iently good to determinc

wh,ether more than two Jro,lvs of theeae are presgnt.
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190Ir
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I.rAr,-II,I La p,'ro rth , 1 879

GENUS lialloEr'a,;trtF- I,apworth , 1877

?llallorrar:tus i.nr{tilug (J. FIaIl, 1865)

5'i.g .63, 81. 15rfig. 5.

Pipl,osrap,luq i l.us J.IlaLl 2111, PI .13rfig.14.

Di.plorygptus inut iLug; ituecJernann :721, !1 .16, f lgs

13, ?12.

i,gFioergplus (iiallprrraptus) rntlcranatus var. irrutilus ;

E1les and lVooC 2322, pl .33rfigs 7a-e, text-fig.211
?1908

B,q:ma,r4s.. The type 6 p,e s lmens of

f,igured by Hatl, consist of the

rhabd osomes from Levl s, Quebec .

Diplo.r'rgr.t,ug i nut,i l.qg,

d i s tal p orti ons onl5r of two

The d is tal port i ons of

I

I

/

Flg .63. ?Ital1onr-ep!9!g tpq!!}p (nall) .

Iacomplete nhabdoson€ ahowlng the

gEyptqqggptgp-llke aspeet of the

proxtrnal end; r 5. eRhg; loca1ttY

.82/5g2, Aorangl lil.n,e areat

P,. e.tEarlelpg!., zoDB o
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Nelson speeiixens eflt'ee ;.,'etL lvitit thcse filtrrred by liall,
partier;larly the r,ight-hanu i:pscirien ..,f f i.q.14. Neither
of ihe tnro topot,l'pes fignroo by rl,ned€iTrfinn $hor:,.s stear
de ta lls o,f th,e proxLrn..a I end .

itlelson speciaens bean B pair cf slender basal spines,
an'J the general aspeet of t,he proxlnral erid reser;ililes that
of I C,r'vptogatr|!-u$, siich ,ss C. trlc.orpls ( Oa4,uthers) , ra iher
than that of Hg,ttoqf ant-ris. fhe specles is theref,ore only
tentatlvely referred to Ellogx,gplgg.

cr.vqto,qrqqtus hoi,hinsoni (ii'tcholson) ftgured by.

E1les and Tfood (tgo0, pl .].lrfigs 14a-d) is a si.mi.lar, but
broader si:ecies.

i{orlzon encl -Jogalities. S2/556t l:BZ. Assosiated form,
Paragl.qp,soqrgptus ethe._rj.dgei . Zones T-g.

The Bpesies has ,not been recorded fro,n Victorj-a,
but ls known from sone Dz of 4u€be c (Ra.y'nond 1g1 4 : table
F.530) , fronl the Deepkill shale, I{ew Yor.k (neruy 1g6za z7O!) ,

fro,a the Arenigian and, Llanvirnian stages of Great Erltain
(Btles and lrlood , 1914), and j.s probably represente tn
Norway (Spjeldnae$ lg\j:1E1 ; B1ake 196A zl3t+),

FAiiiILY F.ErTIprI4ImIQAl Lapwo-rth, 1 873

GENUS Retiosraptus J.HaIl, 1 B5g.
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Retlarrap'tlF eeinL!4i':nas J.ilalI , 1859

FI.15r:i-g.11 .

1859 I],e-IeoFraptus r'einltai:'.rrgs J.tTall 151 I
{ 9OB P.etlorirnptus qe ii'ir tziat,us; 5i-Ie s anii 'l'iood 2316-7 ,

pI.54, figo 7a-d .

Remarks. fhe eingle specirnen f,rorn zone 1O agrees well rvith

ihe ,Jesariptlon bJr Elles and r'tioor-J.

$gglaon i+nf loeelities. '52/575, 592. Zone 10.

E=geinitrzienus s/as recoriled bJi Si'*uvarko SgAz 2237-B)

fron Cotlb Valley, ilelson. The E pecies is irorld'*'ide and

apparetrtly long-nanglng. It is r,reLl rifiorvf,i in 'oeds of

earadoeian age though li is confined to the Silorlan
(Keilorien) ln tr71ctoria,

Gnaptolotd s of unknorvn Generi c ef f ini ty.

Pecultar nultiserlal graptololds rrith lon,g narrow

rhabdosomes and dee;oly serrated lateral rnarp;ins afe comrn0n

ln the lower part of zone 5, in zone 6, and a t ofl,€ local-lty

i.n %one 7, They $uperficlal1y reBernble Fhl.r-lloEnaptu.q; f,n

bearlng vrrhat appear to be highly incllned thecae nrl th a

high degree of overiap. i'.rhethen there &re 6e,F€ than tws
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rot{rs of thecae cannot be cstsr-'r,,ined 1 ii)€cLrn,eng being

lnvariebly pcori-y llr'essrt'e,J.,-nti1 better-creserved

material J.e found, tno si.,ecj.rn'tns are ['r'cupeC irrto three
ttspeci.estt I'ihlch, fro:;r Seuerel fl1.)pearance, seern to form a

related groilp.

Graptoloid sp..1 gen.*t ab..indst.

FI.1 $ rf ig.5.

Re,lorEs ,FnC horizen. First apllearirrg 'iv1th fl I burst I in the

Loner pant of zone 1, ine forni designatedttsp.ltt is a uoefuL

stfat,lgraBhic rnarirer at Aorangi i.ine. P"habdrrsoines rneAsure

about 2.2:nru rylde in ?profile t vie$1, and 1 ..7cnis in length,

and have deeply eerrated ma nglns. Thecae are si,iaeed 12-13/em.

Although ap'ertur,al rnarglns are coneptsuous, thecaL outLines

eannot be traced within the rhabdosCIne anrd their *ohape and

lncllnatlon are unknoln.

The form is found at localltlee S2/552, 552, 599, 5O3,

6l O, and 622, and ranges thnough u one 5 an,J into zone 6

where tt 1s superseded b}r Graptoloid 8F.3,.

Gnaptolold sp.a g:en.et,sp.indet.
pl.il 9rflg.4.

RegarEs and horlzon. fhls forrn is rvider and longer than
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ttsp.ltt but otherilise cIu*-:gl..u- r.g,sg,r,.l-;l-B j it. Ia r profile ,

vies the Fhab,d odo[i]e irri,'5 fiires abo'lt J .4;r'.;i, ,rliC e aincj jcr,s long;
the'cae are o-rac ed 11-1p' in 'i o.r:r.,. T.he ciL oi.ltrLne and

rhabdosLrme onienta tl on .*.'re uncerta 1n.

The form is ecnj'ine'J to zone 5, in ,rririch it Ls

reLativel-y onaomrno.n. rt !s r'ou.nri at locrrlities s?/5i2,
552, and 56A,

Graptoloid sp.:, gen.et sp.indet.
Pl.19rf igs 1rZ.

F',em-arke and hqfi,ZOn. Tng ;'oungast fonr.,r is longer then
eitlre,r of the preceding forrr,s, rneasuring about s;t,ri; rvlde and

at'leas-t +.2cms Long. Theeae Rre siiaced nbout g, ^per ciri.

In most $peei.mens, wirat appsar t*.r be int"er.t,hecal boundarles
extenC fron.i the ventral stipe n:argin to the nridline of the
rha b'd osorTie . speciinen Ggt"zz ( pr .1g ,f ig. z) is prsgervedr tn
sllght rellef , and srgges t,s that the boundaries Fre actuallfr
apertural rnangtn,s whlch extend to th,e mid lLne, each theea
eReloslng the sueeeedlng one. The second interpretation
tnvoJvss a roversaL tn rhabd osonie urler:tation frorn that of
the f irs t ' and rr'rould d i st i.ngulsh the gruup froni the genus

Fhgllogrep.lgg.
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LI riT t)ir

Paleozoic t'ossil lccalities of ihe Aorr,rn,qi i;iine,

ELriot creek, Haili?s iinob an.l;,',ranr:rpeiia vaLle:r areas are 11sted

belout in orjer of one-niIe (1:6Jr56C) sheei,Jistricts, Iocatlty
numbers being in nuri'rerical or,ler rviLhin each sheet. Details
of localities and grid references are i':iven. In locality
descriptions, rrrightrt and rrrof t?t bank, tributary, etc. , refer
to trug ril;ht and true lef t, i. e. rieht-handed and lef t-handed

when fac lng d or"tnstreem. Grid ref erenees not pref ixecl wlth
the relevant one-nrile sheet edition are ln terrns of the revised

z
grid shown ln rnap I. The lithologic unit ccntninlng the

f ossiliferous beds is named, and, where no reference is inclurled,
the name is that introCuced 1n tnis report. The collector,
unless otherwise stated, was the rvriter, between 1965-t958.

A llst of fossils exaniine,J by the wniter folIo.ws the

locality details. l{here B single locality is repre6snted by

nore than one collection, the distribution of ta;ra throughout

lnrl tvldual collections is lnd lcated. Collect!on numbers ere

preflxed as follows:
G.S' - , collectlons held by the Geologlcal Surv€Ir

Lower Hutt.

v- ) collostlons ireld by the Geology Depantment,

Vlctoria University of iiVellington.

O.U, - s collections held by the Geology Departrnent,

Otago University.
Zf g - , collect ions held by the Canierbury lJuseLlrrl .r
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tn* relatlve orCer of ac.r.i:Ciince o,l taxa is giver:; r = rare,
c = cotnntonr and a = abunlant. P,eferencs to 1:ubllshed

f aunal lists is given af ter ihe ccll,ector's naii,e, and publlshed

fossils not re-exarnined by tire vrrlter in the oriliinal
collections are noted with corlrirr€nts. Phyllocarid crustacean

f ragments are f ound at ;nost firaptolite localitles, particularty
those of zones 1 - 5. They are invariably poorly preserved

and have not been lncluded in the faunal lists.
The blostratlgraphic zone given for each }ocaIlty

ls that lnd icated by the fossils alone, the probable age

belng f ollor{ed by the poss tble age range , ln parentheses.

g2/49O ttGolden R,ldge CIa1m, Taitapu, Colllngwoodrr. Colleetions
have been rnad€ frorn the vicirrity of Goldrln R,idge by

numorous workors since the loca11ty nas ftrst discovered

about 1 878. The graptolltes in $everal collections
are l1sted by Benson et ar 1936 (p.367) , Probably most

corce from locallty S2/586, Coffee Creek, and a complete

faunol list ts given under that nunber.

g2/522 Boulder near Golden Ridge irllne. Probably dcrlved

f rom Aorang 1 Mine Forriia t ion , rnember Atrl2 . Colle ct or

S.K. Stcwarico 1959. Collectlon G, S.7481 .

AdetolzEgp-tusl altl.ouqs (r)

Ph.vll cgqapt us aqgust if ol1qg ( r )

angqst tfol ius
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Phv-11,qqrgpt+g illelf oli+g ( o)

Disrrnogra-otus Bp. (extenslform) (")

f sos,rarrtus sqd Eqegs 
:un 

. ( 
")

ZOIIE 4 (po ssi. b]"e range r z on,ss l+-5 ) .

S2/523 Boulder ln"Llttlo Sfaty Cneek J00 Srards upstream froiu 
:

hatteny, (Prouahly close to localX.ty S2/56-J). Prsbabtry

. ile rived f rom Aorangl itiin_e Forrna tton , membo n Ani2 .

Colleeton S,I(. Bkwarko 1959. Collectlon G,S .7482.

Adelograptr,rs-sp, , , (c)

olq4pEqaptu$ sp. ( ta rge f orm) (" )
Tetrarrr,eptus'Jerginl,egs (a-ut,iped )? ( 

")

, ZOI{E 1 ( po"sible range , zones 1-3) .

g2/521l Ten fee t lnside Aqrangl i'iline north,-eouth adi t. Aorangi

:d1ne Forrnatton, rnember AMZ. Col1eetor S,K. Skwarko ( see

Skvrar.tco 1951 :101-2) . ColLeetisn G, S .748:3,

Clonosraptus BF,

Gonlgqqaotus cf . lhEreaul
Telrag{agEs-{rutle oeuq (j-etiped) (c )

T ..€ru!lc onlls (4-s tlpe d )

n. decJ.uiens (4-sti.Pedi

T. aff . serra

Eh.vllogf ap ttr,q ef . anna

(o)

(e)

(r)
(n)

(r)
(")

I

I
I
I
t
I'

Qld$noeggplq,q sp. (extensiforrn) (")
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Skwarlco also listed:

9.L.qneq{gp"tgrt- cf . rl-E!q-qg

Dt-{yrnos.{eEggg cf . egpg,rgg,

tt!-. of . ml ssllign

aoNE 3.

s2/5?5 An thlll Cre,ek a t Anthl ll- iiilne ad lt . Aotran661 ffine

Fsrrnationr mernber AM2. Collectsr s.K.skwarko 'tg5g.

Collection G. S.7484.

S2/525 fhlrty Jrds downstream f rom AnthiII fuilne ad lt, tn

AnthtLl Creek, grid ref . 85g9g?. Aonangl M j,ne !,ormatlon e

member AMz. Col.lestor S. K. Skwarko ( see Skwarko 1961 :

f OO-'t ) ; necoltrected R. A. Cooper 1j65-7 . ;

Collectlons Vl 58O G. g .7485

A.dSfe€E ep t qs ? .a n t i q uug

A.Bp.

ZONliS 1 - 3.

DlclgonemL. putgqe I l gE

Adelognaptus? antiquus

A. epr ,

(")

(")

(r) - x

(") x x

(c) x x

Slcwarko slss lists Bryp:Eqnplqg cf,.bgpgeb,e.Tgegsjg but

the ldentlflc,atlon ls q.uestloned by Bulman and Cooper ( fn

press).

zoNE t.
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SZ'/5ZI l'ort5r yd s d owns tnearn from An thill lillne ad i t , 1n

' Anihl1l Oreek. Aorangl iiiine Forma tlon, member Ail12.

Coll,ect,or S.K. Skwarko 1959; recolLected R. A. Cotpun 1965-7.

Collectlons v26y G. S.7485

*$deloqraptus? entlqEgs
+.AdeLoqraDtus elarki

'rAnt sor{rflptus? sp.

Clr:Jorrapt+g s p .

Tetfaqteutus dpcloie{rs (h-stiped)

Gon i onraptus s? .

Dteho.F,r'Fplus oc tonari ug

!e iEa,qraqlgs serrA

T. whi, telaw}

L.ep-
Did.ymoiiraptus cf . extensus

-

!. sp. (extdnslforrn)

(c)

(*)

(r)
(")

(n)

(r)
(*)

(r)
(r)
(r)
(r)
(")

,..

x

s

x

(Ioose bouldero probably denived frorn base of member

Aili2). ZONE 1 (possible range, zones 1-J).

Other fossiLs ln plnce , ZOIITCS 1 - 5.

S2/528 One chaln below waterfall, in Anthill 0reek t chain

downstream ftrom S2/565. Aorangi. i.line Forrna,tlon, mernbe,r

AS[2. Colleator S.K. Skwar]co 1959.- OolLect ,on G. S .7487 .
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leqssap t qg_gru.ges.u 
-_yl -cJqelee. ( u )

Lhastetus_ ( 
")

zoNE 5.

s2/529 T',,ro and a hnLf ehaine up Jinrn,,lr I s creek, from lts
Junetion Sith Little Slaty Creetr, close to ttloc. Eln of
Benson gg gL. Aorangi l,line Formetlon, mornber AMJ.

Oollecton,S.K"$kwarko 1g]lg. Collection G. S.74gg.

llg,roeg,fggtiie sp.(extensiforrn) (c)

Ieggl;QBtqs- qa$,qge-+q. , y:tg-Lgr,Le.e (r)

zoNE 5.

s2/5lO Approximately 1 chaln up Jirnrny I s Creek frorn 1ts
j'rrnetion rvith Lltt1e $laty 0reek. Aorangl Liine !'orrnatlon,
rnernber AM}. Colleetor" S.K, Skwarks 1959. Co1leetlon
G' s '7489,

Igggrgp!.Eg_Sggusgjl cf .vlctorlao (r)
I' q.., ,maxlqgdlvrerqeJlq (c)

zoN!: 5.

g2/531 Tno shains upstream frorn ilo.J adit, ln Llttle $l,aty
Cre:ek r appPoxrrna t,el,y Benson t s ntl.loc. Btr . Aorangl Mine

tr'ormatton, member Al,l2. Gollector s.K, $kwarko 1g5g.

Collectlpn C. S.2490.



Sz/ny E[ht chalne urlstream Little Slaty Creek frorn Aorangl

irfine battery. Aorangl xlline Formatign, member AI/|J.

Collector S.I(' 'Skwarico 1959. Collectl'on G, $ .71+91 .
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gh;iI 1 o ele.p, t q F--3-ts.(1[ Ltgs.li.tl s

lggugt rfeLiqe

E. sp.

PtdlriilornaBt4g cf . qxtg.nqge

T sonrantus cadueeus victoriee
-#-#I. Q. ef.glg3.9qige.

zoNE 5.

P,i,c!-qg,rse!ge. sF -

!eueeEflp!.19. cf . ggflEl

DlEEqgEqF ptug Bp. ( extensiforrn)

Isosrantue cad ueetts maximq-

-#-----

(e)

(r)
(")

(c)

(c)

(r)
(r)
(c)

(c)

d iv-srgens

I, cf.hastatus

Graptolold sp.p. Gen.

zoNE 6.

(r)

e.t sp. tndet, (n)

82/533.:: Flfteen yands ln from rnouth of irtonnlng Star itillne adlt,
eaet of Coffee CreeE. Aorangl &tine Formatlon r menber

AU5. Col,Ieator S.K.Sknrarko 1g5g. ColLectlon G,S.7492.

P!*'rggg,re*gq sp. ( extenslform)

lscff.raet qq geduceus Ina;Iigg-

d lverge n s

(c)

(c)



S2/534 Boulder at junction of Anthlll Creek anct Little Slaty
Creek. Probably derlved frorn Aorangl D;ine Irorrriatlon,

member Aili2. Collector" S.i(.Sirviarko (see SIcwarlco 1951 :

1 00-1 ). Collection G, S ,749j.

3?3

I.. c q.'!-qji_g

f_.._h,r :; t,i ! uS

lgfgqp or:nn ! us cf . -G! s ifcurii g

| -s.e\rrgured, liklvar.r(o 1g'oC z

104rfiq.5).

zoi{}l 5.

Di c],rronenra pulch e l'gq
Ad e 1 o sr r a p ! u s ?_ e nJ,1_.Elig

$. sp.

Tettasraptus cf . dec,lpf-_q4g(4-

sttped)

Br.von,rnltus cf . hunneberqen sl s?

s2/525)

zoN.El 1 .

Did.''rnro.qrgrptus sp. ( extensif ornr)

fsogra'otus cac.quceus mgxirle-

/t,)\. /

(*)

( 
")

(")

(")

(r)
(")

( see (t)

32/535 At the junctton of Anthirl creeic and Littre
Aorangl Mlne Formatlon, rrrenrber ANi:i. Co1lector

1959. Collection G, S .749U,

SIa ty Crc+ek.

S. K. Slcwarko

(c)

(*)

dlversens
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Irtmitatg (o)

L. aff . tmltatg (=I . f^orcinlf orrnle (r)
var.hegriE{ Skrrarko 1g6i :106,

f 1g. il)

trleonogggptge cf . ensifgrrrrl.q (r)

EONE 6.

82/539 $laty croek , 16 chalns dovrnstneanr from Junetion wlth
true rlght tni,butarJrn irnrred tatellr upstream f rorn narrow
gorge . Grld nef . 8gAgB7 . trrornia,t lon A, rnernber AZ.
Collectors D. G. Btshop and R..4. Gooper 1965-66 t recollected
R.A. Cooper 19G7.

Collecttons V1571 O, S .IDST

Pseudobq.vpgfa.ptus sp. (r) x x 
I

Ete,qop.raptr+s? sp.nov. (r) - x
Dt(llrqggraptgg sp. ( of nff, j.nl e type ) ( r) - x :

;Qnrptosraptup se.he![er.:t ( a) x x
Otrosgogreptg sf.hj,ngksj;1, (o) x x

llploBrqptus? decorat_}rg (e) r r
(c)xx

zot$E g.

82/5l.+0 Stlve chalns rB,stream fnom nratenfall ln Ji.rnrnyts Creek, 
i

eouth ba'nk. Grtd ref . 875981 . Aorangl &itne Fornratlon, i

nnember Atrrih. col'lector G. $m:tth 1963 (see smlth 1966 r 1 7l+) ;
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R.A. Cooper 1965-7

Goniograntus s'oecl o$- r.ls

G. thureauf

Tet,raEr,arrrtils cf . se.rra?

Lnuadji bra chia tu

F_h.'r11o-r{Ean tus? s? .

Di rl'rr,rlio q,qgpt us v-d gfl e xqs

D. spp .

I sorrrai: tus .caducpue maximg-

Civersens

I . d umc$,us

T._rmulg@

I. sll. af f . iml tata

.tr. s-p. 1 aff. f ..manubria!u,s

L. sp. 3 aff .1. man'+bri atua

l. slr.l aff.l*manubriatus

I.. sp"4 aff .I.*manubriatus

Oncosra,ttus unsilon bianqulatus

lri.rronorrraotug sp.

Collectlons Vl 045 G. S .9949

(")

(c)

(*)

(r)
(")

(")

(")

(c)

(o)

(o)

(o)

(*)

(u)

(")

(o)

(*)

(r)

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

-

]r

x

)r

x

x

x

lr

x

x

x

x

Eml.th UgAA :17k) also llsted TpgEraptuq-ogduoeus

vlctortae (?=Ig.qgrap!us. i of thls paFep) .

zoNE 7.

ge:/541 tfCIne chaln downstrearn from large Blunge psol in $enri-
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hills ,*"un, + rnile south oi Aorangi l,line. Grid ref .

858974." Collecton G. smith ( smitn 1966 :174) .

Collection Vl Ot+i+.

The descr:iption of this locality is inr-lef inite, there

being several large piunge pools in this region of
Sandhills Creek. The position Ce;'ir.;ed by the grid

reference lies in beds of rneniber A,,.1 e from shieh no 
i

diagnostic fossils have been found elselvhere. i{oirever,

' f or rensons discussed under S2/5t12, the true position of

this locality is ll}:e1y to be sone distance upstrearn,

probably 1n becls of riteinber Alr.2 which, f urther to the

north, contain the f ossil-s 1i steC be1ow.

Tetrnr,:la'[r!us r.r':ro:rii:rot-]s (")
T. cf . gu'rrlfibrachiaius (")

ZO}IE 2 .

S:nith al,so lists )idlrnno.qrautus ex!ensus, anC

Qonlorrniriuus lhureau!, neither,7f vhich'ffere seen by the

itrlter ln Snritht s collections.

32/542. r?In Sandhills Creek, f ive chalns upstreara f rorn 52/5+l ,

Grld ref . 87O973.u Collector G.Srnith (smitir 1956 ;17+).

Colle c t i on V1 0i+5 .

From the stated grid ref'erence, this locality sho.rld

.be lmrnedietel;r belou'beds containing zone 3 fosslls at

locality 32/528 in member AI;i2. The fossil Listu'd belcii,

wouLd thus be anomalous. The position of l-ocalit;r
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S2/'5t+l is lncleflnlt,e and becrius€ bsde eontainin,g the

j.isted fossil outcro,p el.rout stz cheins further upotrearn

(52/621), the grld referenee is consiclered doubtful.

Igggneptus criduseus cf , ma$lrno-

glygggen,g (risted by $nilth r,s f .

c.vi.ctoriae).

zoNE 76,,

S2/543 ilUpstream f rom S2/5i12, and 7 cha ins below the junction

of, the liast and 'J;est hranches of Sandhills Creek. Grld

ref . 878971w. Aorangl ililne !.orrnation, member AMb.

Collector G. Srnlth ( Smitfr 1955 2174) , Collectlon VJ 0115.

Oraptolite f,rnginents 1ndet.

Srnith Lt sts lsosraptgg_ cadueeug__y-Lgtorlae

ZONII tndetermlna te .

82/54\ nseven ahalns upetream from 52t/543, 2 chai.ns uB the

we st bank trlbutarJr of the vrest bnanoh of, Sgndhllle Creek. I

Gnid ref . 877965". Cof.lector G. Srnlth ( Srnf tfr 1955 :1 74) .

Aorangl MLne Fonmatlon, member AMl.l. Golleetlon VlO47.

Llghgsnaptue oetobrechlatug ( r)

D.sf .@g1l, (r)

fetrre$r'npt\lg Sqf rqg ( r)

Isoprfl,ptqs cgduqggq of .ngIlma (c )



ZONU 6 (possibl'e rsnqe, z ones 6-7) .

Srnlth also llsts Isorrdc.trf.r c,Ftduceus- -r'letoFiae (proba'"^Iy

,B !. cf .lnritata ).

S2/51+5 . $outh bank, Slnty Creek, 4 cha ine irpstream from Slaty'

,Creelc battery, r'rhich ls just upstream from Taltapu Tlmber

Co. gravel pi t . Gnid ref . 850009. Aorantf I li;irie

Formation, member AM}. Collestor O. Smith (srnf th 1'956 |

t74l ; recollected R.A, Cooper 1965-7.

Collec tlons V1Oi{B G, S ,9950

328

L, c. nsr,r,imo$ivgf.fleng

I . sf . lnnl t,e ts

Tetrerrsntus nmll?

T. s,pf 4g

Phnl,l-oST.qp,t gs rtn oblllgtl
fsoqrnptus cnduceus mirxLmo-

d iqerseng

l. cf . 4$;rrQ qEs

I, lrolt a ta

Cardiosnaptus morsus

@rsF.
Gl o s so,F'.ra p:t u s.?_ c n u0ug

? f,iel]osfaotgg ef . inulll.us.

Trtqonograptus sD o

g? Bp . tlov .

(a)

(r)

(r)

(r)
(e)

(a)

(c)

(r)
(r)
(c)

(r)
(e)

(")

(r)

x

x

x

rx
x

x

x

x

x

-
x

x

x

x

t

x
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Graptoloid sp.l. Gen. g-!, sp. Lndet. (c) x x

u oNE 7.

$mith aLso ltsts

Elr.vllop"raotu$ snne (t= E Sgbflie")
Didyrnogrant,us exten sgg

I.oovlctorlag (t= . tnitta$,a)

S2/51+5 South waLL n S1a ty Creek, s t toB of f,iret gorge above

Lake Otuhle, oppos j.te old gold battery. Gr'1d ref .

858003. Aorangl Mlne Fonuntlon, rnernber AM4. CoLlector

G. $mlth ( smttfr 1966 : t 7l+) ; reeslleetecl R. A. Cooper 1957 .

Col.lection V1321 .

Cerrliosra'otug sF. (Brobably g. (r)

morsug)

SmLthrs esllection,s contain two dlsttnct tta6semblagestt

preservecl i.n dlfferent l.tthologtes.

ttAssemblageir 1 ) dark blue-black micaceoug sl,ate.

Cardiosraptus morsus

I qosrap tus cailuceus max imod lvenqglts?

J. sp.

frAss,erablagetr 2, black slll-ceous slate.

Tetf sgaotqs Berqn?

T. of . roclinatus
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?hyllorrent,us :jnil ii :,i!'o.l_i,is elon;:ltus?
D * tt^:r ^! r U'/ tJiJ,b

f s or'ren t;,s c r,ri'; c e -is__L:Iry iq

R.ec olle c t i orrs rns ij e i:y tire 'v'i ri ter c orre sp ond to
rrB ssernbrage" 1 in l-itiiologic sno i'ossi1 content; the

origin of frBssemelagert 2 ls not crear. The 1ocali ty
Iles imrtted lately to the ',rest of Coff ee Creel< I'ault and

Srnith I s eollections (rra:F include rnaterial clerived from

the faurt zoner or from the eastern side of the fault.
The fosslls of rrassei::blagett 1 are accepted ss representlng
the locallty.

zoN.it 7 .

s2/547 Northwest of Ealdy 1 ro5} ft., in the bed of the flrst
west bank trlbutary of Slaty Creek upstream froin Laice

ctuhle. Formation A, member 41 . Grld ref. 965a17. coll-
ector G. Smlth ( smitn 1966 : t 74) ; recollected R.A. Cooper

1967. Collection v1jzz.

f sosrao tus ead ueeus cf . @I!Eq- ( c )

d iverEeng

I.Fff .lnrltata (r)
GlossoEnqptus -acenthqs (c)

Paranlossosraptus etherldsei (c)

Glyptoqraptus austrodentatug ssp. (c)

ZONE B.
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S::iith Llsts i-n',']l.o;"r:.p ttis i:r:la e Diri,,r.rroqrerotug extensu_s

and fsoiir''ct';s . cirrlreti,ip vj.ct-lriee ; none o:l ivhieh .r,Jere

noi,ic*od 1n smith ?s colie ci,ior;s oy -i;,ne ,r;riter. The

oecurrence of any 
"''rculd 

be Fnori:Fious in zone B, and thelr
presence is questioned.

s2/5u1 south bank ot-.slaty ci,eek, opposite the $laty.creek
battery; up-Der 5 irrcnes ot' slate berrd. Grld ref. BGOOg9.

Aorangi iriine Fornetionl rtl€;riostr Ai.JJ. Collector G.Smlth
(Smitn 1966 zlTq); recollected R.A.Coo-Der 1g67. Collection
v1 323.

I.soEraptus caduceus rnFrxirjto- (")
Clve{sens

l. e. mnxlma? (*)

l.sp. (c)

ZOl,iE 5 (possi b1e renge, zones 6,-7) .

Smlth lists r.e.vict,oniee (probably the forn listed above
as r, c,. mexlma?) and Dldyrnoerentus extensusr

S2/SSZ On treck to Aorangl ilfine vrhere lt crosses the flrst
stream af ter leaving slaty creek. Grld ref . g7lr9 97.
Aorangl l,llne Formation, menrber Ajiij. Benson et al (lgli)
locaLlty 'tprt; recollectecJ G. Srnith 1g53, R.A, Cooper 1951._7.

Collections V149j G. S.g95Z

Gont osraptus macer \c/ x -
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G. thurea Llt

Irog'"nqgfa'-; i:ug loPqni

L . logeq 1 ef . !g rte_ngl,s-.

Dtcbpertgtrrq_,0c tobr,aq[Le t qs

pr,gglgn a ri us

Te t.qergggglgs cf . se rrg

F. fec,lLEa t us

T. aff . taraj(acui'n

L!.!ssgrl
L. a.'?1i

Lbeaq!

9" aff . chapmani.

T. aggdrl-Eneqbigt *,

f.cf.h.Fgtt
!. spp. (smaIl)

Di d.ymosrap t us cf . e oc n d uee rts

9. sp " ( extens lf orm)

8. cf . ext qfrsg8

!. cf . v-d eflexuq

Isgqra c tgs cad uceus rnaximo-

d tve rsgp
I,4umgs,gg

I . ha gfra tug

f " lmltatg

I. aff . lg!!.9!9
Trte onoEEan tlrq qns i.fqrml s

(*)

(c)

(r)

(r)
(r)

(o)

(r)
( 
"-)

(r)
(")

(r)
(c)

(.)

(c)

(c)

(*)

(e)

(")

(r)
(c)

(e)

(")

(e)

(e)

(r)

x

x

x

x

x

x

x

x

x

x

x

x

:r

x

x

x

x

x

;r

x
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!.cf.gqrif.'qg;iriq (r) - x

Graptcloid si).1, Gen. ! sp.lnde.t. (") x x

Graptol.ol-ri sp,l. Gen. et s1r. indet. (e) :r x

Graptololi3 $p.i. Gen. e.! sp.inclet. (r) - x

zoNE 5.

82/553 Jtmnry I s Creek, true right bank, f ive to slx chaX.ns

upstream Little Slnty Creek battery. Br'11 ref . 873987.

Aonangl r$ine For.natlon,, member AtdJ. Collector O. Srnitb

1963?; recolleeted R,A. CoD.oer 1)55=7. 'Co1lectlo,ns YI55U,

v1 60,1 .

Di. c h +qI n p tgs Jge gc_p{l

TetraFraotus aff . tal'axeoum

Di,l.rrr:gs-firaglus sF. (extenstform) (r)

Isograptus epdueeu,s vletorlee? (r)

(r)
(r)

( o)

(r)
(r)

T,r -g L, flqxlmod iqeqqqns

I . hqslgt,rrs

I . funlt-qta

ZOMI 5 (posslble range, zones 6-7) .

g2/554 Lt ttle $l-aty Creek; 1 ehaln downstream f rom Jfunrny I s

Creek J unc tlon. Grld nef . 872988. Aorangl, Mlne

I'orroatton, rnember AM51 Not csLl,pcted.

IeosEgplus cqducqus ssp. ( one spect,nen)

uol[Es 5 r B.



E2/555 Little slaty
GrId ref. 872988,

Collection V1 556.

334

Creplc, t chain

Ao,rnngi il;i n:e

dornstreaa fr,om 52/554.

-F o.rna t i on , rneiab'e r AldS .

!r lp qP qsqqttlqs s P ,

zoNE$ 5 - g.

( on" spe c I'nen )

S2/556 Slety Creok, t B chains upsireann from lltile Slaty

Oreeh Junction. Fossi.ls conflneC to 2 inch band of bLaclr

graphltlo slate ln outcrop of blue-greJr arglIllte'on Ief,t
bank. Grld ref . 8'75993 . Aorang I i{Ine Forma tl on , raembe r
Aldil r

CollectLons V155A G.S .gglj

Eetr?gragtrrs cf . serrg?

3. 48L1

!L{tr, r4oFr gE t Ssr _v :f, q €}e xrJ$

I so.qraptus ead uceus d lverEens?

(')

(r)
(")

(r)
("}

(e)

(s)

(e)

(r)

x

x

x

x

I.sp.
0'and I osfRptus nnonsus

9losgograpt'rs? sfu4Fe

?Hpl.lonraptqs lnqtllqq
Bn1,'?onoglqotqs Bp.

zoNE 7.

J(

:r

x

x

xx
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S2/557 L1t',,1e Slaty Creeli, 5 chains upstrearn fron the big

watenfall on true left banir,. Gris ref.8749:,t5. Aorangl

i$ine Forneti on n nernber Al-ij. Collectlon \tr155O ,

telqgqtsillge ninli (")

Ts,ouadnflggltstus ( r)
Dlc,.yrnonttpt'*s Eg. (exten!]lfornr) (e)

D.-v.-€gfl-e,Elrg? (r)

Lggg.r'gelgg-e4dtlo eus cf . ( r)
v igiorl aq?

T r. -c . rre{irgp4lye.qEep s, ( 
" 

)

I . bF statue ( r)

ZOIIE 6 (posslble renge, zones 5-7).

gZl55,8 Ll"tt1e $Iaty Creek, I ehalns downstrearn from Junctlon

w'l th Anthll.I Creelr; west of, rnlnor fault , Gnid ref . .873993,

Aoran-gl Mine Formatlon, mernber Ai'r13. Not collectedi

I s-ogr----------------npt,Es qa{qcerls ,nqfilmo- ( *)

d ive rsens
--4.fr_

ZONE 6 (pssslble range, trones 6-7).

S2/559 ttttLe $laty Oreek, I chalns dowpstnea,m from Jqnation

rvlth AnthllL Cneek; eaet of eninll fault. Ortd ref . 873993,

Aonang,l fuIlne Fsrrna t 1on, rnembe r AldS . Collsc t !.on Vl $6i a .

Tetrannaptus sp. (r)
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uB ced rrce le ? ssp. (.s;iinll) (")

f s--9!- inRrlrocd iver,qen,s (e)

(")I . i.r!,1!.8 tg

ZON^S 6 (possible range, uon,es 6-7j.

g2/560 True left trlb,utary of tittle $laty Creek. In
headwaters r approxinrately 35 chalns south sf bettery.

Outcrop betrvoeh two wntenf ail,s. Gri.d, ref . 871 981 .

Aorangt Mine Fsrnratlon, menrber Ai{iJ. Coi}ectlon V1552.

Tetra(rraptus hartl?

T. gEl 1

T. cf. sgrra

!. aff . ouadribrachi atus

T. aff . ta taEacrun

Dldyrnonraptus cf . eqcad qee us

E. sp. ( extenstrf orm)

Iso.eraptus eaduceus maximo-

(r)
(r)
(o)

(*)

(,n)

(r)
(")

(*)

d ivgrqenE

I . d unqsu.F

!. aff . tnltata
I,.hastgtgs

Graptoloi.d sp. !. Gen.

zoNE 6.

(r)
(u)

(')

et sp.tndet. (n)
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SZ/E5'| lvilnor true nls'';ht tribatary of Little Slaty Creek, 15

chalns ssuth of, cntteryr sbout 4 chains upstrearn frorn

junetl,o,n with LittLe lilaty Creek. Grid ref . 8TA9B5.

Aorangl lriine Forrns t i on , rrreinbsr AiI.iJ. Oollee tl on V1563 .

!e tfegq,{pr,t:us cf . rggliqa t rle

glfl.firogf.ap t+q sp , ( *ntensi. f orrn)

Igggggplus ., qgd geq +g_ os.lrirrip,

d lveEEens

I .d qrlgqus

Lln:ltg-!e

ZONE 6 (psestu-Le nan6{e, zonss 5-7).

(r)
(c)

(")

(r)
(r)

S2/n6Z At base of 6Oft waterfall in true left tri.butary of
Llttle Slaty Creakn l chaln frsiu Llttle $Iaty Creek.

Lo'wer J 0f t or^ seotion ( see al,so SZ/D7} 11>79). Grtd ref .
870985. Aorangl Hiine Forrnstlsnn,nemben AMz. Collectlon

V1 5-64a.

Igograptus caduceurs lunata (a)

TetgeEf,e.qtue cf-@ (n)

Phyl.LoFrqptus,illclfp;LLqo (E)

Oraptolold sp.!. GeR. g! sp.lnclet. (r)

zoNE 5,
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g2/5$ little slaty Creeir., 15 chains {r*lstrearn frorn Jimrnyrs

Creer, neerr mlnon f ault. GrtC rei. 67,1 986. Aorangl l,iine

Fornration, rnernber AiJj. Collection V1555.

T g t Eegr a _rrt g s rr: e c 1 lri gl5
F[qflgf fnp -tr,i.s anng

!. sp.

Dl4.ymo.eggp trr,e sp . ( extensi forrn)

fg o,era p tgs ge$ uo e rrfi Lnn a tg

zoNE 5.

4d elosr,apt-us aff, , p r+pt llue

PlegasEe,p luF_l

Lq.tfasngntue aff . targxagEtu

T. aml.!

PhEllosnaptus nnsustl€olius

ansustifolius

-

P. anna

!.1Llelfoltus
Dld.vmogEan.lgs p rg lgF i fi d- u s_

zol[E 4.

(c)

(n)

(n)

(c)

(e)

S2/554 Anthlll Creek, Aorangt i,llne. Fallen blocir derlved
fnom fallmaker band of black sl.Itseous slate at hlgh
waterfatl. Grid ref. B7O99Z. Aorangi liitne Fornratlon,
rnember AMz. Colleetion Vl 566a"

(c)

(o)

(")

(r)
(c)

(r)
(c)

(c)
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g2/'565 Anthlll Creek, t chaln doi'rnstrearn frorn wntenfaLl, $

chain ups treain froru 82/528. Gri.d ref . 870992. Aorangl

i,{lne iioFmation, roernber Al'.'12. 'Collectisn V1 556u.

Dlqlrorf ap!,us ef .g!.gggg! ( c )

Dtd.wnotrraptus extensus (c)

P.epp. (extenslfor"nr) (*)

Iqgg,{gp.t,u's cedqggEg- vle.to-riae (c)

I. c. maxirna? ( c)

ZONE 5.

A/55"6 Slaty Creelc, 3 chalhs dopin*strearn frorn the junction witb

Lltt1e Slaty Creel<. Grld ref . 87699V. Aornngl iilne

Formatton r m:enaber A1[4. No co]'Lection.

Graptolite fragments i'ndet.

SZ/S5T Tnue night bank Slaty Creek opposlte junction wlth

true left tributarSr at $weoneyt s liut. Grid rof . 874OOO'

, Aorangi lilne Forrnat,lon, rnernbor Aft[4. Collectlon fi 568'

fetrrnglraB'Lgg cf . serra (r)

I Sqqraotus -. eaflgggus cf .4g489,- ( c )

dlversens

ZONE 6 (Bo*stble rnnge r u ones 5-7) .

S21568 $Iaty Creek , 38 chalns il ownstre am f rom Conn t s Creek



junction. Fossll.s

878992, I,'orrna t l. on

in

Ar

54o

slip on true left bank. Grl,d ref.
menrber Al .

Collectiong v1569 G. S .996T

IgqqEeotgs im jlt-etr1.

f.sp.
$lnograptld sp.

Gl oes onrnptus ac nn;t_hus

Pa rgglo ssosrac tqs e ilier j,4sei.

P_._zenlandleus

Gl.yntoqra otus cf . lDter,sltqs
G. aqstEo,Fgntqtug sf . @
Tntgonogl.,aotus s?.

zoNlt 8.

(r) -
(*) x

(n) r

(n} -
(") x

(c) x

(c) x

(c) n

(r) -

x

)r

JT

x

x

x

x

x

x

s2/569 Lat5r' Creek,

J uns t lon. Grld

Collection Vt F70.

5 chains upstream f rorn Conn t s Creek

ref.. BBO985. Formatlon A, member Al .

T.qtrnsqaotEs hartI?-

Pe rgFlossoeneqlFs elhertdgg!

aoNa 8.

(")

(")

82/570 At

Ll ttLe
baee of 5Oft

Slaty Creek,

watenfall in true teft trj,,butar;r of
1 chaln from LlttLe S1aty Creek, Fnom



3,1+'t

10 - 20 f t nbovs trnse of exposure ( see nlso S2/562 1579) .

Grld ref . 870985. Aornnili li,iine Fornationr msrnber AM?.

CoIIect ion V1 551{b.

FhLll qrpep !r;l$ a risgn tlf oli- us

nngu,:!ifo1tq,s

P-'.ggng

Ee trn.flfaptus -re P,}lna tBs

Dldvrnqsraglgs -sp. ( extensif orrn)

!. cf . eoegdueeus

IsorraPtuP cn$l+Peuq l.un,atg

zolm 5.

@ ef '-Elgclgell
Cr;rpto-Efgptus cf ' schaf e rt
Climaeoffreptug sF.

Aqr+e,lfos4flp tes P onfe rtug?

Glqgtqaraptus 5P.

(r)

(r)
(r)
(e)

(")

(a)

SZ/17,it True right trlbuta rlr gla ty Creek, 1 chaln up stream

Junctlon with Slaty Cre€k,r at toB sf quaterfall. Orld ref .

88h985, Formatlon A, rnernbor A3. CslleotlOn v1572.

(")

(r)
(c)

(c)

(e)

UOIIS g (poss,lble ranger zones I - 10).

S2/5TZ True rtgbt tributary SIa ty Creek r 15 ehalns upstrearn

J unctlon wttb Slaty Cr.eek. Grld ref , 885981. Fonrnatlon

B (Iower part). ColLectlon v1573.



3,42

D.lClrr:noEiintirs sF. (*)

4mnlexo{rtntuc cf,coJSJgE (r)

zONEs I - 10.

82/573 True right trlbutary :ilaty Creelc, 3 ehains upstrearrr

82/572. Grid ref. 886985. Fori'aation B (loiver part).
Col-l,eetion Y157+.

Climneonrantug sF.

Gly-ntoqrap tue sF .

goNEg B - 11.

Dlcellogreptqs spp.

Q ,lrnaqggraptus BF.

(r)
(r)

S2/574 Eou1der, true rlglrt trlbutary Slaty Creek, S ch,alns

upstream s2/573r proba bly. aerived frorn near g2/575. Gntd

ref. 886985. Colleetion V1575.

Dlge-l-IgErtptus cf.sextans (r)

!.g;g!aE,g cf . exi Ii s ( n)

zoNE .l0.

g2/r75 True rtght trlbutary of Slety Creelr, I ehalns upstreanr

82/573. Grld ref . 88798&, Forrnatlon B (lower Bart).

Csll.ee tions v1575 G. S .gg5g

(c)xx
t\\r/ x x
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Pseudosli.mqcogr,nptug sp, (c) - x
Amplglgrap:lliq cf . eoBggilgg ( *) x x
Glnrtos'rf,ltgs ci.@ (r.) _ x
Re.tlqgaB.tuq fielfritzianuq (r) _ x

uoNE 1 0.

SZ/WA True lef t 'oanlr S1,n ty Creeh at Junction wi th true lef,t
trlbutaryr oF!-)sslte sweerreyts hut. Gnid ref. g7qg 9.
Aorangl lr[ine Fonmatisn, rnernber AMq. Colleetlon V15TT,

Iooetantus cg{qcegs __$q4imo- (c) r

diversens

AO$E$ 6 - T.

s2/577 Top of hlgh waterfall 1n true left tributery at head

of Llttle Sl_aty Creek. Gri,d nof. S699T9. Aorangl M1ne

Formatlon, member Arr'i2. cotlectlon yl57g.

tsnlrograptld ,Ep.lndet. (r)
Tetracnqutuq, deoipleng (J-sttped) (c)

lg.lga.sraptrlE dec_i gs (4-stlped) (r)
T. apprgxtmatus (c)

. T._a c,e llnaEs ( 
")

Dtdv'qqsnaotus Bp. (r)

uoNE 2.



SL/fia Eould er in Li t ile
Aoraagl l,iLne adltn et

871 985. Collection

344

$1a ty Oreek,

lnrge plunge

v1 579 "

d oyrn s trearfl fr"om

pool . GrJ. d ref .

82/579 Base of SOft waterfall 1n true left trlbutary of
Llttle S1aty CreeE, one chaln fron Little Slaty oreek"

10 - eoft above base of section (eee also s?/56zr51o).
Grld nef. B7O9B5. Aorangl irilne Inor.niatlon, member Atrfiz.

Collectlon V156U".

Adeloc'ractus? sD.

Tetresreotus cf . Ceclpiegg

ZONES 1 - 3.

Ad eJosrap tug aff . nqsj ll.gs

Tgt{ggryrotus ef . necllnatus

Eh.vll osreo t uE_,a{r u.gjli f oli us

aneustlf,gLl qe

F. typug

DJ- dvruoElg!3us eoea dggggg?'

!. ep. ( of proloblill=iXgg type)

Isogr,aotus caduqeus f,qqqta

zoNE 5.

(e)

(r)

(r)

(r)
(a)

(o)

(o)

(n)

(u)

bauk 24 yards downstream from

chalns downstream from

g2/5AO Anthil} Creek, tnue 1eft
second waterfall (about l+.7

Anthlll- Irfilne edit). Grtd ref . 86999Q. Aorangt Mlne



3,ttj

Forrnation, mernber N$2.

Collections V1589 c. S.9954

Tetranlgptus_decipi.g,!.S, (4-stiBed) (") x x

T: bt qsbYi

T. eff . serfg

T. ouadt lhfe,phlntuq

T. apqr.qxfunatus

Di dyrnosran tus s lml l i s

D. cf . extppsq$

Z0NU 3 (posslble range, zones 2-j).

(") x

(r) -,

(.) x

(") x

(c) -,

(c) x

:r

x

x

x

x

x

s2/581 AnthtLl Creek,

ref. 87A992. Not

* sbain d ownstrearn

eollected "

frorn 82/565 , Gnt d

I s opf ran tus o a d uc,g.us s sp r

zol{8 5 - g.

82/582 Boulders

frorn 82/51+7.

nef. 86501 8.

tn creek, northwest sf Baldy Trlg, r 1 ahaln

Derlvad frorn cLlffs above ri.ght bank. GrId

Formatlon A, member A1 .

CoLlectlons v1595 G. S.9,951

Los'anofiraptue loEani

L.]gqent ef .Eg€t

(c)

(c) x x



3\6

ftus-
F.nPrall.elus

Te !rr"F.a;re n tus -oUq d ri br. ch i q tug

Dl rtlr,,norrnp.ttrs spp.

I soqrrrn_tuq,gad u,qeus._? ssp r

Gl oS F.orrrnp t us .e.O e.n t,hUg

Par.aqlo s Fosrq'Q lus e!h e ri dgel

P ,.g e 4,1,a n.d l. e lLs

Qllfp togqap tus a us t rod en t,a tus cf .

(*)

(r)
(r)
(")

(r)
(c)

(e)

(*)

(r)

x

:r

rr

X

x

x
I

x

x

x

x

-
aus trpd entqtus

G. of .lntersitug
Arrrplexog.fqptes c onfe rt us

?Ilal-lsErap tus Jn+t ilug
T r I fl on o nran t u s _ € n.e t f o rmt s

f. sp.

zolm 8.

(e)

(")
x

x

x

x

x,r

(o)

(")

(o)

"t32/583 lialone C-neeh, 35 ohains downstream from Junctton-1l1+t*!
maln bnanch; outerop on rlght bank. ortd ref. g5aoal.

Aorangl Mine tr'ormatLon, mernber AMI . Gollectlon V15gT.

Graptolite fragrnonts lndet.

Age lndetetrrulnate.

S:2/584 Coff ee Creekr ftt J unatl on of nialn branchss. Grld ref .
85800f . Aorangt, Mlne Forruatlon, mernber A!ll+? ColLectl.on

vl 598.



3t+7

i goErgolu,$ . c.qd$teg;s,iiiElriffro-

d ivenqenq

OEci oqrap.tus or Ce rd 1o.q{r,pt its
t, \
\ JUven].re J

Ps,e,qd of tl qonoFr?.gtgg sp?

Z0IIE 7 .

(")

(r)

nraterfall at msuth of Coffee Gneek,

chaln fro-m cneek, Grld ref . 868002.

Mine Formatlont miemben AMI+.

( 
")

(r)
(r)

(n)

(")

(r)
(r)

32/555 Spoil heap above

true left bauk, one

Derlved fram Aorangl

Collection V1 500.

Oardio.sraptus sp.

I s oElap tue sp .

zoNE 7.

TetraqEgutus amtl

!. cf . blssb,vl

T. declplens?

T. hant:l

S2/586 tfOld Golden Rtdgett locality, 4O chaln,s up true right
brsnch of Coffee Creek, fnom Junctlon wtth left branch.

Ortd ref . 859998. Aorangt l'llne Formatlon, menrber AMz.

Col,Ioctlons V1 602 G.s.74o,
547

,r

x
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T*EeeltnetuE

T,sertre

I. ef . 'rrlr i te la rvi

Pblr]lqeraptus Fnns

P . nnsg,stif o-11 us snggs ti f.ol.L us

F. tl"i_cif oligg
Dld nrrgerap t,+,s, qxten sus

Q' pgotoUlfl duq

D. ,q imJ. lt s

f q o, grFJ t;us qa d qge us ? nrlmula

zoNE 4.

(e)

(e)

(r)
(")

(*)

(o)

(")

(a)

(r)
(r)

r
x

x

x

x

x

x

x

x

x

x

x

x x

s2/557 on Aorangl hiine treck where it leaves creek,, north of
eaddLo, between $laty Frrd Ltttle $laty Creeks. Grid rof.
873997. Aorangl irilno Forrnation, member Aid2. Cs1leetlsn
v1 603.

Isgrl".atotue eadue,eus maxi.mqElyers,eEg

ZONE 5 (Boselble range e zones G-7).

$z/gag Tno to three ehains uB true left tributary of Anthtrl
Creek,, whlsh Jotns Anthlll Creek j _ q ahalns downst,ream

from hlgh watenfal,L" Onld ref . B7O91Z. Aorangt irilne
Formatlon, member Aryta. 0olLectlon vl 60i+.

!o tt aFrap tus bigs;Fsl

PhrlXosren tu$_g hns

(")

(r)



g2/559 Top of high vtaterfall ln Anthl1l Cneelc. Grid tref.
869992. A orangi i;ilne I'ormation, rnerriber AMz. ColLection
v1 go5.

3t19

P. illeijolius

Di d'.vnioFrnptus orot, obifi rl us

!. sp. cf . gxtgnqgs

U OI.fE i+.

Di chograglgs,pc t obqaqh:l a tl*g

Te tr.aefgp tr+s serr,a?

zollEs 3 - 5.

g2/59O . At second wa terf all- up Anthi 11.

Aorangi ivil-ne I'ornlatlon, member AIUA.

.Adelosraptuq? antlqq$s

Tetreqraptus approxlrnqtFs

f.destplens (j-stlpecl)

zom 2,

DlceLloeraetqs sp. ( of D.,seLtans

e,x,tlis type)

(")

(")

(*)

Creek. Orld

CIo1lectlon

(c)

(c)

(")

(a)

ref. 869992.

v'l go4.

S2/59'l Boulders i.n Dem Creel{, traoed upstream to sL/5gz whtch

I's thelr probable souroe. Formatlon B? Collectton
v1 905. Gnaptolites generally distonteer.

I

I

I

I

I

i
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liplogr^cpticls lndst. (c)

ZONE 10 (posslble renge, zones 1O-11).

S2/592 Junction of brarrehe s in headitaters of west branqh of

Danr CreeF-. Grlo ref . I85993. tr'orrnntlon B (lower part).

GreBtolltes tn sonle beds strcrngl)r distorted.

Collectton VlgOT G. S .9976

$tnograptld sB. indet.

$lgggosgep tps hinehs i.!
Itlernn qreptUg sp? .

D1r:eLlqgroqtue ee{tepF eIil1e
D. int ortus?

Dlplpqr,apt us sp.

DiplograBtid sBp. lnd€t.

Glvotosrflntua cf . teretiuscul'us

F:gt i oeran tu$ g* irrl tz lggus

zoNE 1 0.

Dlchograqtus octobreohln tus

Tetrasrap-tus -serra?

(o)

(r)
(r)
(")

(")

(r)
(")

(r)
(n)

(r)
(r)

x

,N

x

x

x

x,

x

x

x

32/593 Boulder ln Coffee Creek, true rtght branch, 5 chalns

upstl.eam from Jrrnctlon. Grld r,ef . 869000. Collectlon

vt go8,



82/591+ One chaln up north branch of headwa ters of eastern

tribrrtary, Slaty Creek. Grtd ref.89O98J. F'srmatlon

( tower part). Collection v1915. I

Graptullte fneg:irents inrlet.

82/595 Slaty C'reer, lef t bani< , \5 che ins downst,ream f rom

true ntg,'ht tributarJr. Fosslls trn outcrop and scree at

ba s;e of sffia1l r,va te rf a 11 on le,ft bank. Grlc ref . ,gBegTB .

Formation A, mernber A2.

Collectlong V1 91 5 G. S .9977

351

Phtrl l-n rr tT: i le + n n t
P. oilt'gri bi flO1iUS t:lr;-'LS,l;i r"Cl j_ iS

P.11i.cifol1'tg

Ei.,l:r;gggrrt:o t qg of .,qx t gne u q

I ggg r:rtp i ti q__,c. edgc eu5_ 1 u qi l g

z,olm 5.

G.l".osqgg{a,ptus Bp,

Cryptosrnptus schnfeni

Clim?eonqa=otgq spp.

GJ. lruec.osrant *e_ cf . rld del,Lensts

@BF.

ZONE 9 (possible range, zones B-t 0) .

(r)
( r)
(r)
(")

( r)

(r)
(r)
(c)

(*)

(o)

x

tr

x

x

x

x

x

x
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S2/ZSS i;ialone Oreck, at srnall waterfall in iteadweters of
r'lght bran,ch. Grld ref . 862996. Aorangi ;viine Fenrnatlon,

mernber Alril .

AQe Lg{T rgq tqe si:?

Graptollte fragrnents lndet.

ZONE indeteninlnste.

g2/597 Lle,a,dwaters of AnthlIl Creek. outenop one.eh.aln

upstreatn frorn janction of three srnall bnanchosr west of
old bulldlng slte tn cleartng. Gr.id ref . gd69 gz.

Aorangl Mine Ftorrnatton, mennber AM1 , Co]-lectton V.f 91 B.

Dendroid sp. Lndet.

PhyII oc arl ct s ( srnn tt )

AGE indetermlnate.

82/i9S Larnediately uBstreara of srnall clearlng in valley of
Beaton Cneek, 25 chalns uBstrea;'n fro,m junctloa rui.th

Goffee Cneek. Gnld ref.858999. Ao,nangl il,Ilne Fsfinatlong
rnerober ?AMj. CoLlection V1g1g.

(o)

d lvg rqens

f.eB. ,,

ZON[: 5 (po=slble rangs, zones 6-T).

(c)
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32/599 40 chains up Eottle Creelc, nt east end of bLacli chert

band, $ chatn dol.rnsitrearn fro;l plunge pool. Sectlon 4.

Grirl r.ef . B 69999. Aorfrngl ;,iine Itorrnatlonr, rrreniber Ali2.

Co1lecilon V192O. '

Dtehonrnplus qc t elgr:Lqs

Di d yrnos ra jr t u s _W-t_? n-g*e

I s.oriia otqs, . cFduequ's_ vie!qriae
Graptolold sF.l_r

u oNtE 5.

52./600 Bot tle Cre eki sectlon tl; 15tt
S2/599. Orld ref . 869999. Aorangl

member Ailiz.

Dl chg.qrapt us_ rna c c o.v!

Tet raEgllp Lgs qua{rlbracbiatue

l*ggcf i.natus

Phy .loeraptus cf . eesnet1.foLtus

P. l.l-tc rf ollgg
P. cf . tyrug

Dldymp{ngptus cf . e4tgqgtrs

I sograplEg _c:g$ uceus -l.qnFta

ZO.NE 5.

(")

(")

(")

(a)

stratlgraphically below

Ivitne ilormatlon,

Co11ec t ions v1921 G. S, gg80

(r)
(")

(")

(r)
(c)

(r)
(")

(s)

-

tr

x

x

-

x

x

J(

x

x

x

x

x

x
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SZ/6OI Eottle Creek, seetj,on i.i . 1 gf t srrntlgraphlcallJr
belov'i S2/,599. Grid ref,. 869999. Aorangi iiine Ironmatlon,

neiitber. A1,i2. Colleetion V1gZZ,

C lqn og-Eep t LlE sp? (n)

Dich,oqrar)tns oqtobrephiat*s (r)
Tetragraptus reclinaius
PhvLlgqEantus sg.

&"ggggpggs cadqces,s Lunata ( 
")

zoNE 5.

S2/5OZ Bottle Creekr geeiion 4, ZZft, stratlgraphlcally below

s2/599. Grid ref . B 69999. A,onangl "iviine Formation, mernbe r
Alvlz, Collection Vlg?j.

fggggaptue ca{qceqs lqqata (one spectmen)

Z,ONi 5.

g2/6tr3 Bottle Creelr, sectLon 4. 35tt etratlgraphlcally below

S2/599. Grid ref . g6999'9. Aorangl Mlne Fo,rmatlon, rnomben

AMIZ. Col-lectlon V19Zh.

ClsnogEgp.!,gg sF. (*)

DichoFqaotrls rnnceo,'fil ( r)
TetlqqEgntrle qira4ribrachlatus (e)

Phyl,losTgptge anna (c )

Dlrlyrnogrqptue extensue ( r)

'(r)
(")
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g.spp. (e:<tensiforrn) (*)

D. sp. ( of protoblfig-gs, t:f pe) ( r)

leee-eejlt'r$ _ c?qgptuq,, lqgfltF ( 
")

Graptolotd sp.1 (c)

zoI{E 5 .

S2/60l+ Bottle Cr,eelc, Bectlpn 4" 45ft stratlgrnBhtcal1'y below

s2/599. Grid ref . 869999 , Aorangl i'ilne For,aa tlon,
meffiber All2. C'oJ.Lectlon V1925.

g2/601 Bottle creek, sect ton 4. 75tt stra.tlgraphlcally
below S'2/599. GrlC ref . 869999. Aorangl iuij.ne Forrnatlon n

mernber AMz. Coll.ection V1925.

Elgh os raplgs EI) . (mtnute f,o,rm) ( r)

Tetratr,raptus sp.

Blt.rrl-Iqgrgqt us, a,Ang

zoNlls 3 - 5.

aner ust lf;qlt ue

DidymoEraptus protoElfld ug

!. ep . ( extenslf orro)

zoNE 4.

(e)

(c)

(c)

(a)

Teltaeqnptqs ser;Eg (")

Ph.vil.osrep-que ansustlt'oli.q,e (c)
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fiL/6AG Bottle Ore,ekr $setion 4. 85ft strfitlgpnphicaS.ly beIs,w
g2/599 . Grld ref . 86 9999. Aorang'l i;line Formatlon,

mernber A7$2. Oollection rllgZT

Tetn.',.irraqtu$,fruticog:,-rs (3-sti1:ecl) (c)

!.it+fti (c)

T. oun{rlbr"'rghtet,ug (r)

T.-ger:ffl? (c)

Ph:r$osreplufl, e,p,q+stif'.oi,i [g (")
a nggs !1.f o 1i us

Dl_dIqoFrallus protobi,{+q.u,F (c)

zoNll 4.

S2/6AV Bottl,e Creek, seotion 4. l OOf t st!'atlgraphicallSr
beLow g2/599. Grld, ref . 859999 . .&onangl lltne Forrne tl on ,
menrber Ah{Z. Collectlon V1 929.

Ee,traernp:t us, f,rqtic oLus (5-stiBed ) ( c )

Phfllgsrao,t u[-p nsuo r l f otlqg ( a )

annps.tlf o1lus..

Qi.dvrnoeraptqs cf,.rrrqt,obifldus (o)

ZONE l+,

S2/6Og Aorangl lvilne Trackr st point,rhene lt erosses Llttle
Slaty Creek, below Jimmy t s Creek J,anctlon. Gnld ref .
87'2990. Aonangl l{ine Forrnation, rneruber A}flJ, Collectton
v1g2g.



S2/ 5O9 llalf a cha Ln up min or ,

one chn ln up o.tream Li t tle
adlt. Grld ref . 871983.

mernber Aj]fz.

357

dlverrrelg

I .,d+mosus

I.hnstatus

ZONiI 6 (possib1.e rangs, n,ones 6-7).

Te_t rt r.,ra. rt, ae ha r:tli

O,Ulllrrosraptus sF. (extensifcnrn) (c)

isosrnniql, . rln,d,tlceus jnaxi@- (a)

(r)

(c)

(")

dry, true rleht trlbutaryt
$laty Cr,eek frorn Aorangl lvitne

Ao,rangl i,{lne lf orrn,s tlon ,

Osl.]-ectl ons V19q7 V1 9r+7a

(r)
(")

(c)

(e)

(")

goN]r 4.

!pt€gfeptqs_s_qrge?

!.aff . t.qr,ax.ncui'4

Phvllogra ptue cf. anna

---- 
--

P, anq'i{Ltf o1i Es gner.stif olluq

Dld.trmqEran tqE croiobl f irl ug

V1947 = bouLder derlved from nearby.

Vl 9+7a = ln plaee. ZO}l"dS 3 - 5.

S2/AA Boulderr 27 yards upstrearn

x

s2l5g9. Grld rof. 871982.

mernbern Aidz? Collee ti on Vl 9l+B .

Slaty" Oreek from

lrline F'or.rrln tl on,

Ll ttIe
Aonangt



se/&l ,+* chnlns up$trearn LIttle 31aiy Creek frorn g2/609.

Grld ref . 871 9BZ. Aorangl i.l.he iror,iistion, nrernber AMz.

Collectlon V2Ol+1 .

GoRi. oqraaotus macel

Te lEflqr"3p lirs sg qr"e?

Phy!-1. o:gqa'o tqg, anE

DlCy:'nograptus cf , e_Xten$u.E

zoNlt 5.

S2/512 At top of hlgh waterfall at mouth sf true lef,t
tnibutany of Little S1atl/ Cneek, 10 chalns south of
Jj-nnrayr s Cnoek. Grl,l r€f , S59ggS. Aorangl iriifie
troorrnatl,on, mernben AMz. 0ollectlon VZ04A. ,!

Telrap:rs p. tu,s_{ec I'o1eng ( lr-s tfpe d )

ZOtrfES 1 - 3.

St2/513 True lef t trlbutary of, Ll t tle SIn ty Creelc. 5f t
s2/612. Grt,t ref " g6998g.

me,mbe r AhiZ. CoILec t lon VZObj.
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Did{rn,o r-tr:an t uo cf . e ;:ten,s U$

!eoqtqntgq,,cF4.lc.*i+t1 . v:LltoTlne

Grnptolol,J B-p.1

zolfE 5.

stFa tlgrn phicatly tre Low

Aonangl Mlno Formation,

(r)
(")

(c)

(")

(r)
(*)

(")
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(,1-stipec )

Dlfl:rrrigrrraptug sp?

zONiE 3.

clo4qrrr,,tp.lus 69.

lgtr?s.lgp,!

ZONII 2 (po*slble range, zones Z-]).

82/615 Tnue 1eft tributar;lr

(*)

(r)

s2/61i+ True Left trib;.tary, Lltr;re slaty cre €k, gf t
strattgrn;ohleally 6sls:!v sz/61 z. Aornngl i,ltne l.ornatlon,
mernber hi{:2. Collect ion V2O4h.

stnatlgraphteally below

Aorangi i''1 j.ne I'ornn t l on ,

Anisogreptld sp.

Tg irs,q 4r,r'p tus gg{gl bEnch te tug

ZOIIES 2 - j.

Li ttle Slnty Creek, 1 2f t
s2/61?, GrlJ ref . g6998.6.

mernber AM2. Colleetlon VAO45.

(r)

(e)

(r)

g2/6'16 True l.eft trlbutary,
stra ttgraptrlcatrly below

. A,orangl MLne Fora:a t l on ,

Ltttle f,laty Cr"eek, 17ft
sz/512. Grld ref. gG99gG.

member AMA. 0oLLeetLon V2:045.

lejf aenao tUs q:pproxlna t us

ZOM 2 (p ossi ble raRge , zone s Z ,- j) .

(")
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S2/617 North branch of dandiritis; Cre*}i, at, jrrnetion with
true rlght tribuirry, eastern lirriit oi. rnenbe lY. Grld
ref . 872g73. Aorangi iriine i,rorrilation, ' nie,ribef, AMa.

Collection 1trZeq7.

82/518 North bnanch Sandhitls
belorn sz/617. $ection jb.
Mlne F'onnation, rnernbef AL[A.

Clo.nog rap t us sF .

Df eho.fif nn t-qg_gc *; obna ch i a trrs

!. oet gEerlgg

Di4wno.e'rn'otug sF. (e*tenslf,orm)

Is-O,grFptue .Cadrieeus __vlct,rffJ.ae

zo.NE 5 ( upper)

(")

(')

(c)

(o)

(')

Creek, itt stratlgnaphtcally
Grj.C ref . 877g7j. Aorangi

Collectlon V2048.

Grid ref, . B-7ZgTj. Aorangl

GoLLectlon V20ii9.

cf . peIt qqql,e?

lggg vlctonlae

Zo.lt$ 5 (upper).

(o)

(c)

82/619 Nonrh branch

below Sz/5tt
[{tne E'orrnatlon,

Sandhllls Creek, 9ft strailgraphlaally
$ectlon 3b.

nrernben Aili2.

Dld.vrnosrnptus Bp. (extensiform)
. f sog rap tug cn d ucqus ylc;toriae

Z,0NE 5 ( upBer)

(c)

(e)
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82/62A iiorth braneh Sandhills

belorv S2/617. Sec"!?Lon Jb.

ivllne itorrria t1on, riieraber A;r.2 .

Creek, 1}ft stratlgraphlcally
Grid rsf . B 12973. ^A orangl

Colleetion V2050.

fsorrrar:tus caiucetis victot.'iae (")

ZOI{$ 5 (upBer).

52.1621 liorth branch Sandh1l1s Creek, 18it stratlgraphlcally
belorir 52/617. Sectlon 5b. Aonangt i,ilne Forrnatlon,

rnernber Atit?. Collectlon V2O51 .

ltghogrootru,F ef . oe ton+rl,,us (5-

s tiped fornr)

f soE"raptus ca4ggeuF,ylc'tgniLe

I. c, victortae? (= dlstorted
glgLlrxa or ryxlmgdllelgglg? )

ZO]\E 5 (poesl;b1e rangep zoreg 5 - ?7j.

82/,622 North branch ancthllls Creek, ei
Sectlon 5b.

(r)

(")

(r)

downstream fron 82/617 .

Aorangl Mlne Formatlon t

first sharp bend

Grirl ref . 871 972

ColLectlon V2O52'.

(r)
(c)

nrernbe r A162 .

Dldymgslaptqs sp. ( extenstf onm)

Grapt oLol d sF rl-

zoNBg 5 - 6.



362

S2/64 North branch $andh111s Creek, lOft strntlgraphlcally
below S2/622. Section 3b. Grld ref. g71g7l. Aorangl
ivilrro Forfinatlon, member AIr!2. Collection vzo53.

Phirllorrrantus sp. ( r)
Dldrrrrrogrnqtus. sp. (e*tensifor,m) (")
Isograntus eaduceus lunate (c)

ZONE 5 (lower).

S2/524 l,Iorth branch tiandhllls
belovr SZ/ 622. Se c tl on jb .
hitne Fo rrnati on , rnenrber AIi2.

Ad elon rerptus aff . pusillus
Te trasrap tuE blssb.vl

T. cf . ree_l'!natus

zoNEs 3 - 6.

S2/625 North branch $andhllls
below S2/622. Sectlon jb.
lviine Forma t1on, rriember Aiv:2.

Creek, JOft st,ratlgraphlcally
Grld ref. 871 972. Aorangl

Collectlon V2054.

(r)
(')

(c)

Creek, 50ft stratlgraphlcally
Grld ref. 871973. Aorangi

Collection VZA55,

Ph.vll,osrap tue gnna

Dld.qocrraptus Irotobl f tdus

ZONE l+.

(")

(r)
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S2/626 North branch Snnrjhtll.q

below 92/622. Sectton 3b.

Mlne Fo rnra t1 on , rnertber AIri2 .

Creek, 70ft stratlgraphtcalLY

Gri.d ref . 871 973. Aorangl

Coilectl on V2O55.

(3-etlped) (c)

(c)

(c)

(r)

(r)

(r)
(n)

fr2/627 North braneh Sandhllls Cre€kr lOOft stratlgraphlcally

below 32/622. $ectlon 3b. Grld ref . 87'l 975. Aorangt

MIne F'ormatlon, member AMz. Oollectlon VZQ57 .

l9$IflEFn'p,tus frutiglsus
T .. Urr.t I
T.vuhl!elqrtl

FhylLosranjus anne

zoNE 3.

@gsP.
TetraErepjlus f rutieosus ( 5-st1"ed )

Fh.vlloFraBtus cf.@

goI$'E 3.

32/625 Nortb braneh Sandhllls Creek, st l-arge plunge poolt

wbere stream makes sbarp left turnr 150ft gtratlgraph-

leally below S2/627. $ectlon 5b. Grid rof. 871973.

Aorangl Mine Fornratlon, menbetr Attrlz. Oolleetlon V2O58.

CLqnosEantue cf.kl4e! (e)

Oonl o,groq,tue sP . (.De rf lgEl e tl.pe ) ( r )

Tetlqqrgtotug ef .EIgSlyl ( r)
I



32/629 North branch Sancthlll s

S2/$O North brancb tjandhills
fnom S2/629. Sectlon j.
Mlno Formatlon, member Al,{4.

toctonlcally dlstorted.
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T. fruticosug (4-"tlp,ed )

T.hartl

T. nend ens

T. ef. pendens 
r

T. ef. recllna tus

!. sp. ( of lXgmaeus type)

Ph.vllogrectus ernna

Dt d.vmop:rgn tus cf . en s j oen s 1 s

D. slml11s

!. .ep. ( extenelf ornr)

zoNE 3.

(")

( r)
(")

(r)
(")

(')

(")

(")

(c)

(")

Creek, 2.7 chalns upstream

Grld ref. 872973. Aorangl

Collection V2O5g.

(r)

(r)
(r)

Creek, JO chalne upetroarn

Grld ref. 976971 . Aonangl

Collectlon V2O5O. Graptolltes

frorn S2/617. Section j.
Mirre Fornra t I on , mernbe r Al,iji .

f soFraotus cad uceus. rnaxinro-

d ivergens

f . iml taja
Trtqonorraptus ensi, ornrls?

ZONE 6 (posslbIe range, u onos 6-7) .
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G.opl oriraBtus ef . nlnesr ( r)
Ph.vlloq,re,o.f.ug sp. (c )

T-9.!ranrBpt\+F ef.tr{aid4lFrreehlntue (c)

3. cf . ES.fg ( srnall forn) ( c )

Dld;.tmog'ralrturs v-deflexug (e)

8. sp. (extenei.form) (*)

fEggrgp,tgq_ gRdqceus qa,al$io_- (o)

d Xve rgone

r i.4q{lpe+e

!. aff . lql-!+.!e

L. ep.3 aff . nianuPrJ.atug

L. sp.l aff . mnRubrtatug

Oncgsr,s,ptus upelLon blnnEul,ntug (e)

zoNE 7,

sz/61't ltorth brancb sandhltLs Oneek, 18 chains upstreanr

from S2/6jO. Sect,lon 3. Onld ref. g7g,97l . tr'ormatlon
A,* rnornber Al . CoLlectlon V2OGI .

Dl,0.nuoer$otqg BF. (extenslfonm)

f ,s oEfap tqs d qmosug

One.oErantus Bp.

zoiqE 7.

82/632 Left bank Slaty Creek, 7 ehalns uBstream battery at
bottom of gorge r at Junetlon wlth truo lef t trtbutarJr.

(")

(c)

(")

(")

(r)
(o)

(r)



366

Grld ref. 851 0OB.

Col1e c t I on V1 599 .

s2/6fi Slaty Creek, 12

outcrop ln sltp on

882986. Forrnation

Glogsograntus erudus?

?Ha llograptus cf . _1nut-Llus

zoNE 7.

Aorsrrgl i,ilne l'ormatlon, mernbe r Al{J .

(")

(o)

chalns uBstream Conntg Creek junctlon,

left bank. Section 2. Grld ref.
A, rnembe r A2 .

@? sp.nov.

trhyll ograp tus an.rrus t if olt us

e Iongat us

Crrpto.graptus schaferl

Glossograptqs hincksi 1

C].funacosraptus lrevis
Dloloslgptus? d s-co{a tus

Gl.rrp t ograptus cf . te re t l usculus

slccatus

Collectlons V2o66 G. s .9966

(r)

(")

(.)

(c)

(")

(r)
(c)

x

x

x

x

-

x

rx

zoNE 9.

S2/631+ True rlght trlbutary of Slaty Creek, 9 chaing upstream

from Junctlon wlth $laty Creek. OutcroB ln rlght bank,

and ln centne of creek. Sectlon 2. Grld ref . 8811985.
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Forrnatlon A, member A3. Collec tion V2O67 .

DldyniogrFptld

Cl lma cop:rao tgj;

Glyp tos rn o tus

8P.

sF.

cf. teretlusculus

( r)
(")

(")

S2/$B Boulders,

Junctlon wlth

frorn Formatlon

ZONE 9 (posslble range, zones 9-10).

Connrs Creek, 17 chains upstream from

SIaty Creek. Grld ref. 877984. Derlved

A, menrber Al . Collectlon V2637.

g2/61+1 ttNo . 2 Level tnam, Aonangl idinert . (f robably loose

. bouliler Dear no.Z adlt, Aorangl ivllne. ) From llthologJtr

almost certalnly derlved frorn base of member AMzr Aorangl

Mlne Formatlon. Collector Mr S.A.A.Fry, D€c. r18, 1935.

Collectton Ztg5.

Glossograptus Bp.

Glrrctggraptus Bp.

ZONES B - 10.

Clonoeraplus aff . qeeulaflg

Adelograptus? anllouus

Antsoeraptus? Bp.

ZONE 1 (po"slble range , zones 1 -J) .

(")

(r)

(r)
(c)

(r)



358

s3/526 Peturau Rlver, zott telus slope on right banic , * mlle
uBstroam from i;nctlon v;ith Tho;'npson Creek. Grid ref .
83/907011. Formetlon B (upper part). Collectora
D.G- Blshop, R.Ryburn, D. s.Kor (nisnop 1965) i recollected
A. J. Vrlrtght, R.A. Cooper, etc. , 196G_l968.

Collectlone V1593 G. S.9504

}Iemagrantus gracl 1ls
Dlcellosqaptus cf.sextans

!. cf . sex tans exl11s

p. sp.

onl

Clirnaeqgrnptus sp.

Pseudgc IlrnacoEraptus cf .modlcelIus

E. sp

G1.uct orrraptus cf . tere t 1 usculus

8. spp.

Re t l oArap tus Bp .

(r)
(c)

(c)

(")

(r)
(")

(r)
(c)

(c)

(")

(r)

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Three specles of trilobites are esaoclated wlth the
graptolltes (A'J.vVrlght pers.cornrn. ) one of whtch matchee
Osvsltes-Sol1llswoodensls Reed, descrlbed frorn a boulder
downstream fnom thle locallty (ReeA 1gZ7),

zollE 1 0.
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S5/537 Boulder 1n Paturnu River, 25 chaine up6tream from

Thompson Creek. Grtd ref. 90601 7. Collector B.Stalnton.

Collectlon V1i9O,

TetrpEreotus cf. recllnatus (one speclmen)

ZOIIES 3 - 6. In lithology, the pebble closely ro semblee

rocks of the dlstinctlve nremben Ail(z, Aorengi Mlno

Formatlon; howevor, no rocks of thle member are known

to outcrop wl thln tho Pa turau catchnrent, and the orlgln
of the pebble 1 s unknown.

s3/538 Boulder, Paturau River, z mlres upstrearn from

Thornpson creelc. Grld ref . go3oQz. Forrna tion B?

Collectlon Vl 9b4.

Dlplogrsptld sp. lndet.

ZOII0S 9 - 10 (posslble range, zones B - 11 ) .

S3/54O Thompson Cre€tsr 40 chains upstream from lts Junctton
wlth Paturau Rlver. Outcrop of dark shalo on truo

Lef t bank. Grld ref . s5 ( t gl+ 6) /g1722o. Formdtlon B

(tfower part). Not collected.

Dlplograptld fragments.

S3/55O Thompson Creok,

1oca11ty. Derlved

boulder upstream from lower llmestone

from Forrnatlon B? Collector E.OrFee.
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Collectlon V2599.

Dicellogrsrptid fragrnents

ZCN:ES 10 11.

S3/551 Pebbl"e in Faturau Rlver, at brldge on logglng road.

Grld ref. Sji(tg46)/goS041 . Derlved from Aonangt tilne
l'orma t 1on , rnember Ai,i2? ( see S3/fiT) . Collect or G. Sml th
19612 Collectlon V1 049.

Ph.vlloq.raptus sp.

zoNEs 3 - 8.

S7/515 Five to flfteen yards downstream from Becond yreterfall

tn left branch, El1iot Creek, Aorere Valleyr approrlmately

one mlle upstreara from f ord. Grld ref . S7 UgeS) /996866.
Aorangl &ilne Fornratlon, rnember Al{2. Collec tors V. U. ltl.

etudente 1953, 1967; recollected R.A.Cooper, G.w.Grlndley,

L{.R.Johnston etc. I 1955-8.

Collec tlons V1 588 G. S .91fi5

Antsograptid sp. lndet.

Trlchogleptus fe rgussonl

Tetrasreplus arrproxiqalus

T.frutlcosug (3- and 4-stlped)
T.dectoiens (4-stlped)

(")

(r)
(")

x

x

x

x

(c) x

(c) x

I
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f .pen.dgn s

T. o ua d rl_!r'a_chi a tu s

Di dynror,rrap tus S inii 1 i s

!. sp. (**tenslf orrn)

ZONE 3 (presence of T. ap,oroxinietus

g7/517 Bourders, El1iot creek, between

watenfall. Colleetors Ii.fir.l'e1lman,

recollected R.A. Cooper etc. , 1965_g.

ford and second

V. U. W. students, 1 96J;

(')

(")

(e)

(c)

suggests basal zofia j).

x

x

x

x

x

x

x

Slngle boulcler
Collectlons v2156 G. S .9511

f . d umosus

Trieronoqr.aptus sp.

ZOIG 5 (posslble range , z ones 6-T) .

Separate boulders

Gonloerantus cf. thureaul

Tetna enaotug. cf . ha rtl
Phyllorrrap tus anna

I sqqraptus cf . ( 
")I. c.' vlctonlae (")

zoNES 3 - 5 (posslblo range, zones j_7) .

s7/518 At bottom of lower waterfall ln left branch, Elllot

-

-

-

x

x

x

(r)

(r)
(')

-

x

I

-
.r

x

x

x

x

x
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Creek. Outcrop ln centre of creel(. Grld ref . S7 U955) /
881+852, Aorangl l,11ne irorrnatlon, member Altz?

Collectione vl 584 G. S .9970

Clonorrrgplus si). ( r) x x

Tetraflraptus rleclpiens (4-stlped) (c) x x

tsryograpttd fragntents (") x x

ZONES 1 - 2 (posslble ranger zonss 1-J).

ST/519 ElIlot Cneokr left branch, 22 chalns upstream from

upper watenfalt-. Grld ref . S7( t g 6n) /A87867 . CoIlectlon

v1585 .

ggglgsraptug s9 . (n )

letrasraptus qgclnier]! (4-stlped) (")

T. frutleosug (:-"tiped? ) ( r)

T. quntlrlbrashlatus (c)

Dld.ygoeraptus simllis (r)

zoNE 3.

ST/5ZO Ell"iot Creek, left branch, 15 chalns rpetream from

upper waterfall,, 7 chains downstream from S7/519. Grtd

ref. s7 Ug6il/}A7ASA. Coll'ector R,.A.Cooper lg65-6i

recOllested R. A. Coopen ancl V. U.W. Etudents 1957.

Collectlon V1586.
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Tetrtr.raptuq .frgtrco;qq,,q (3-sttped ) (c)

T. fqglrqqogg (4-stlped ) ( 
")

T. eerra (c)

Pblrllosrgntus *f . egna (r)

!.fdg4qgEgg[gg cf . extgn,sus ( 
")

D, slml.ll.s (c)

zoNE 3.

87/521 At J unetlon of the rnaln irranche s of Etllot Oreek,

€&Bt bank, Grld ref . s7 $ g6lYa8585l. Not eoll,eeted .

. Graqtollt,e fragments lndet.

g7/522 Elltot Creek , 5 - 6 chalns upstream rnlnon

trlbutary r BpF,Foxi.mntely 60 chalns d orrrnetream

junctton of matn branchee. Bould en ln scrree .

s7( 1965)/9404,51 . colleetlon V2O53.

Tet,rgq,raptue tlectol,egg (4-stlped) (r)

ZONE$ I - 2 (poeelbl,e rangel zon€e 1-.J).

trne left
from

Grld nef.

97/525 Elltot Creek, 1 ! 2 shalne upstream s7/522. Orld refn

s7( 1965),/ggg0el . oolreetlon v2o'64.

Antsograptlcl fragrnonts

zoNtss 1 - 3.
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g7/524 Left branch, ;ltitot Cr"eok, approxi,mately 5 chaine

upstream s7/519. Gri.d ref,. 87(t gSl)/9a5857. Correctlon
v2o65.

ArleloEraptus sp.

ZOIilE lndotormtnate (po"slble rango, zonos 1-J) .

g8/5$t 17 li{lre creek, Aonono vatley. }'orrr pebblee at
lnt,ervals f,rom brlilge t,o on€ mlle upstrearn. Celle,ctore

P.wellman 1965; recoLlected R.A. cooper, o.i$. Grlndley;
M.R.Johnston, 1965. Collecti.on V2155.

Gl.vp,toqnaplus a ustEodenlq:!-u,s ssp. ( one speclrnen)

GraBtsltte fragrnents .

zoNE 7.

SS/ZB? Bould"Fr Denton Cr"eek,

Grld ref . ,$g(r glo)/g,4+a73.

PhrrLl.oEraptus Bp.

goNEs 2 - 6.

ehaln upstreaal from brldge.

Colleetlon Vel 54.
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813/535 On ridge enest, one mtte E,9.8.. of Halles ii.nob.

Grid ref. S1 J(1 950 )/zt3r1A. Halles Knob Qua rtaite,
ColLector R.A.Cooper (Cooper '1965). Collection V9?7.

Brachi.opods !nd,et.

SGE i. nde termi na te .

513/51+9 South Branch Elwaka Rlver r oFposi te liosses Hut , aad

oppostte lt'ilkinsonts Flat. Grld ref,. 61 lUgn},\ /234506.

itlount Arthur lfarble. ColLectlon Y159+.

Crinoid fragments

Co nal s?

AGE, Mlddle Ordovieian or younger.

513/5,50 Small or,rloou dny gu].Iy on east st ile 0f dtvi.de Q.6

rRlles @ O75oT from Halles Knob tri,g., Fossll,s i; bottom

of gully, about four chains belor.l bush ltne, and

approxlmately 2 chains d ownetneam frorn flrst outcrop coming

d own valI,ey. ApBroxlma,tely 150ft below divlde . Grld ref .
' s 13(19ro) /e17527. Ha j.lee Knob Qua,rtzl te. CoLlector
, 

R.A. Cooper 1966i recol1ecte,d R.A. Cogpen, A. J,lVrlght, 1967 .

ColLection Vl 905.

Brachlopod s

Corals

Age and Cornrnents: rtHalle's lino;b fo,ssll collections ane
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domlnatecl b;r ventral moulds of I pllcate pentemerid;

other ,oiaterlal has not been loentified. The range of
Pentanleracea 1s Upper Orcl ovtclan to Upper Devonlanrf -
A. J. If rl ght ( pe rs . c or.-m. ) .

513/551 Road cuttlngr Cobb Valley liycl:ro roacl , t rntl,e down-

stream frorn $ann Creekr 2 rniles upstregm f,rorn brldge.

Grid ref . Sl lUg,SO)/172565. Beds nrapped as Wangapeka

Fornutlon by Grlnclley ( t 9et I . CoLLeetlon Vl 909. r

Fragrnente of graptolites? r r'€sembllng !,iastlgotrre

olnpLex (waleott). 
;
I

Age incletefiRlnato.

919/596 0n rldgo, between Rol1lng Rlver anrl Wangapeka Rl.vere

about l+7 chalns southwest of Trig f , 1 811ft. Grld ref ,

sl 9 UgAil/gercB8. Eltis Formatlon, member 85.

Collestors Honderson, Grange and McPherson 1921+-6 (fossile

l.1 sted ln Shlrley 1935 : q98, and tf'Irtght 1 958 2555) ;

recolLected G.W.Grlndley 1951, A. J.Wrlghtr R,A. 0ooper 196;7 .

Gollectlon V19V1.

Foesll.s lnc,lude:

Cor.a1s (Pleurodletyum)

Crtnold s
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EracLrtopotls ( ttprobsblytt }iotoconchlriium)

iri oI1 us c s

Trilobitoe

,tgo, lowor Devonlan (toedtnnlan). tf rn r/tctorj.a and

Tasmanla Noto_conc_hldiurn 1s elther early Devontan or

late gilurian. tt (1. "1.\lirlght pers. cornnt. ) .

819/606 Boulrlers Ln scree, 1 BOf t above teruaco at top of large

scree slope , 12 chains d ownstrearn frorn irtright Croek ln
rYangapei<a valloy. Derlved frorn beds of s19/'o13,

Vlangapeka i,'orrnatlon, rnernber 'ffll. Grid ref . Sl 9U9$)/
953095. Collectors G.Ilancox, A. J. rTrlght 1965;

recollec ted R. A. Cooper 1967 .

Collections V1592 G. S.1 001 J

Lgp.lgg-€gglus cf . !kc,c ld us (")

(r) xxDi e e.llosrap tus sp. ( of arJgulqt us_

trrue )

Clirnac cg{ap tus Elgorni s

C. bqgtgtus

.9. sPP.

Gllrpto.qraptus ep. ( srnall f orrn)

Qrthosrap !qq_trunedt us pa uperatue

9. sp . ( "r gI. c-glc a ra tuq)

9. sp. (Large forrn)

zoNE 11.

(c)

(*)

(c)

(")

(")

(c)

(n)

x

x

x

x

x

x

x

x

x

x

x

x
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519/607 ',frlght Creekr at u:?per end of teruaces on right bank.

Outcrops ln s treain and 20f t above s tream. Grld ref .
S1 9 UgSl) /g58O92. 

"Vangapeka 
i.'o:'rratlon, rnernber lV4.

collectors R.A.cooper, D.s,i(er, 1967; recorlected
R. A. Cooper 1967 .

Ccllectlons V1 91 O G.S.1001 2

Leiltoqrapt us ef . f.lacc,idus

!Lc_e11oqlap.t us tn tortuq?

D.patulosgg

P. spp.

Dicranoeraptus cf . hianE

Q. sp.

Cl.tmncograp-t us si)p .

C.cf.caudlatus

Gl.rfo toernptu,s sp.

(") x x

(") x

(") x x

(c) x x

(r) - x

(r) - x

(c) x x

(c) x r

(") x x

Orthongaptus sp. (gg gl. ealcargtus) (c ) x x

9.6PP.

zoNll 1ul .

(") x x

519/60S i(nob north of saddle on ii:t Owen track, about 15

chalne eouth of trig v, 1514ft. Gnld ref. sl 9Ug8)/g7T
O55. rrVangapeka b'ormatlon, ,nernber iV4. Col-lectore

R..1. Cooper, D. S.Ker, 1967. Col-lection v191'l .

Climacograptus sp. (one speclmen)

zoNEs 9 - 11.
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S19/609 Boulders in large scree slope ln '//rlEht Creelr,

6.5 chains upstrearn frorrr 319/607, Scree on rlght banlc,

d erlved f roin beds of s19/G1 B-Az1 , Grlct ref . sl g(lg$) /
957091 . wangapeka Forrnation, rnetnber iVi+.

Collec tl ons V191 2 G. S. 1 OO1 4

Leptognaptld fragrnents (c)

(c)

(")

(")

(")

(")

(")

(")

(")

(c)

(r)

(r)

x

xLept onraptqg cf . f lac ei clug

Di cell.o,ernp tus spp.

Allniaconrao-"us cf . c_audatus

C.cf. tubullferous

9. sp. ( broad f orm)

Orthosrantus sp.

zoNu 11.

lggloelaotus cf . flaccldus
Dice}loenaptus sp.
'Cllmacoqrap tus sp.

Amnlexorrraplus c gnfert us-?

Orthograptuq sp.

zoNE 11.

x

x

x

x

x

x

x

519/61O Boulders on 'vTangapeka track, 3O chalns upstream

frorn Wrlght Creek Junctlon. Dertved from bluffs 50 to
2o0f t above track. Gnld ref . s1 9(9$) /gSt+og5. ',vanga-

peka Formatl on, member W2.

Collections V1913 G.S.1OOl 5

x

h:-':-
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S'tg/611 FossLls ln qUFr"talte boulders on rTangapeka traek,
oPpssltB junction i'llth Patrtarch Creek. Grld rof.
s1 9 U ges) /g4aagt . prsbo bly d ertverj from wangapeka

Formatlon, rnornber Wl . Oo'l.lection V19-1 4.

Tndetermlnate f,ossll fnagnents

s19/61; 2 lVangapeka traok r Boree 2 to 3 e halns we st of g19/610.

Derlved fnom cl.lffs above track. Grlrt ref. g1 gUgfi)/
95il+O'97. DErlved from Tfangapeka Formatlonl rnemben WZ.

Goll.ectlon VJ 9.}O ,. ,

Leatonrgntus sp.

Dlc,ellosraotus sF.

zoNss 10 a 11.
e'

519/613 OutcroB above terrace on rlght bank WangapetaRrt 2

efralns downstneam from Junetlon wlt-h rrYright Creekn 18Oft

above terraee. Gr,id ref . sl 9 Ugail /9,$9g5. wangapeka

E'srmatlonl momber W4. Collectlon V1g51. .

Dl€Ll.orrauEu,s BF. (of ansulatuq (c)

rype )

, gltmacoaraptqs blgoq?te (" )

.9,. of .!@Ilfenous (r)

zoNE 11.

(r)
(c)
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s19/611+ Gtbb I s Creekr orrtcr.op * mile upotrsarn frorn 1ts rnouth,

Grld rei. s t9Ugfi\ /g6qa7. rilangapeka tr'ori:nattonl merRber

TJh. Collector A. J.'iTnight 19'67 . Collectlon V1g3O.

519/615 Outcrop about 22}ft above temace in Wangapeka

Valley, 12 chatns clownstrearn from rTrtght Cneek Junetlon,
,lft stratlgnaptrically above 519/61j, Grld ref. Sl g1g$)/
965095.'vVangaBeka tr'orrnattons rnernb€lr Till+.

Collecttone Vtt933 G.S.1OOI 5

Leotograntus sp.

Dlcell,oernptug of . sert,Fns

Gllma;c,orrraptgs Bp.

OfF,hoerFotus BF, (l,ar.ge form)

u oNg 11.

Gl..vo.tqerqBtus Bp.

ZOI{fES I - 1'1 .

(n)

(*)

(c)

(r)

(c) :rx

slgi/616 Bouldeng ln hlLlstcle above $19/513, appnoxlmateLy

630ft above teruaee, lnlangapeka Valley, 1Z cbalns down-

stream fnom Wrlght Creek. Probably derlved from E1lte
Fonrnatlon, rnember Ei .

Collectlon V1 95h.

Grld ref . sl gug6il /gfiuogS .

Indeternilnate fossil f ragmonte
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F19/61? Boulders on hillsi,Je nbovc 919/513, 117CIf t above

ternace in iryangFtpeka Va11ey, 12 chains dswnstreem from

l'r'right Greek. Probably derlveci IocalIy fionr lilIis
' Forlrrsti.onl rnerrrber 1!1 . Grlci ref , S1 g(lg6Z) /96UO91 ,

Goll"ectisn V1935.

Cninold fragfirents

819/618 Outcrop 35}tt ebove li[rlght Cneek'

chaLns upstream from iTangapeka Ei.ver,

(tg6l) 1gSlg91 . v{angapeka Forma ti on1

DLceltEqIac}lrg sp. ( of elgsatrs type ) ( r)

Cllmacoergptus sp. (large form)

9. sp. ( smaLL form)

uoIWS to - 11 .

right ba,nlc, 50

'Gtrlr{' ref, , Sl 9

membe r tTlt .

col-lecilons v1935 B, S.1001 7

(r)

(")

x

x

x

t

919/619 Four hundred ft above rlght bank of Wrlght 0reok'

5'O cha I,ne upstream f rom junc tl on wi th [Iangapeka t

BBproxlnately looft sbove 8191618. Grid ref,. $1 9Ugfi)/

957090, vTangapeka Formatl on I merrlber f,fi{. Not c,slLected .

Dlplograptlds tndet. (c)

ffig/flZ} Flfteen ft above 519/619, nl,ght bank ltlrtgtrt Creekr

50 chalns upstrearn from lllangepeka Rlver. Grtci ref.
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s1 9 Ugez) /957ogo. .iiangapeke }i'or;nati on, niefiiber fill$,

Colleetio-ns V1 9J8 G. S.10Ol B

Di,qellogranj,us ep. ( of anrrul.a tus

ttrpe )

g. sF. ( sf efegpng type )

Cllma cor{nap tus tuQpllf er?us

e . cguf,gEgg

Q. sp.

Ogthosqaplps sp. ( large form)

Q. ep. (eI gI. cFLcaratus)

zoI{E 11 .

(")

(r)
(r)
(c)

(")

(c)

(")

(n)

(o)

(r)
(c)

(o)

(e)

x

!

x

lr

x

x

x

x

x

JT

Slg/5,21 5OOf t above rtght bank of i'drlgh t Creelc, 5O cha in,s
'tlpstrearn fnorn Junctlon rrX th Wangapeka Rlver, 1 OOf t above

sl 9/6zl . GrL d rer. s1 g U g$) /gsgogg . wangapeka

Forrnatlonl rnember yf4.

Golle,ctlons Vl 939 G. S. i O01 9

,Di eellqg_fnptue patulosqg

I. sB. (of se{jFans tlrue)

CLlmaeoonau tus tuhlrlife.rous_

9. sp. ( of antlfluqe typd)

QTtho$raotug sp. (gI gg. cnlaar.atup) ( c )

9. eB. (large form)

Q. sBp.

-

x

x

JT

x

x

x

x

x

x

a
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519/622 Rlclge between,'Iright Creek anrl it'engnpeka Rlven, about

55 chaLns from junctLon. Grild ref. $1g(tggJ)lgfSOgT.

Wangapeka Forrna lionz rir€mb€r dfZ. 0o11ec tlon Vl 9,4O.

Dl gellorrran t uq sp? ( r)
Clilnagograntug sF. (c)

ZOltlES 'tr O - 1,1 ,.

919/6# At base of rtdge betureen'i,Inight Creek and Wangapeka

Rl,v-er, abont 16 ehalns f rom Junetion. In localIy
der.lveit s:crts€. G,rld ref. s1 g(lg6l)lg|-gogl. wangapeka

FonmR tlon, rnember W4. Colleetlon Vl 9i+'! ,

Climac olTrap tus sD r

ZONES I t 11.

(")

S19/62\ left bank lVangapeka, 30 chatns upstresn frsm the

junction wl th Wrlgttt Creek. Boulders derlved f ronr

outcroBs botweon two pro'mlnent bluffs" QrJ.d ref . St 9

(t gg:) /959999. Wangapeka Formatlon, me.rnbe,r lT2.

Collectlon V19l+2.

f,optosrantue c.f.€]gggldug (o)

- DlcellseEarr$us sp. ( of ennulel}r, (o)

ty'pe )

orthor{Faptus. sp. ( ex gE. eq}cgjnetug} ( c )

zoNI$ 't1 .
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81'9/632 Upper,i'rLght Oreek. Boulder 1rr sllp on rlght benk.

Grld ref . Sl 9OS6l) /946o9U. fi'angapelca Fornratlonl niernber

tii?? Oollection V2068.

Dlplograptld fragrnents

zoNlls I - 11 .

819/$3 Small western trlbutary of RoLllng Rlver, opposlte

Connor'Oreek. Outcrop ln creek bed 25 chalns uBetrearu

frorn Rolltng Rlver. Grld ref . $1 g(lg6S)/S6TaT5.

fVangapeka Fornnatlonl member {1t4. Oollectlon VZ63j.

DlpLograptl d fragrnents

ZONES I ! 11.

S1'9/631+ \rTesterR trlbutary of Rolltng Rl"verr oppos-lte Connor

Creek. Cl.lffs above left bank 10 chains upstr,earn f,rs^m

Rolllng Rf ver. orld ref . sr 9( 196377970077 , wangapek;a

Formatton, mernben iill4; Collectlon V2631+.

CLlmacograptus BFr

Orthoeraptus cf . truncatus

zolm 11 .

(")

(c)

919/635 Western trlbutarSr of Rolllng Rlver, oppoalto Connor

Creek. Bouldors 1n creek bed about I chalns upatream

from Rol1lng Rlvenr Grld r.ef . Sl g ugAl)/gtto7?.
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liianga pelca Fori'np,. t i on, rrlembe r lVh . Collea ti on VZ6lj5 .

Leptogrnpt,lds (")
Di.cell,opf{:sp,tu,s sp. (Ierge fo,rnr) (r)
Ortho$raptus ef.truncnt,gs ssp. (c)

Q.sp. (c)

goI.IE 11 .

819/635 Outcrop on road si d e ; * cha Ln rrorth of promtnent sllp :

on road uB Rolll.ng Rlver, 1t lrrlles from Junctlon wlth
wangnpeka #iff'':^{".#l?' HY 3i; (t get) /stio7tt. Gorrectron
v2656. 

i

Cllmacosrnptus? sF.

g19/637Bou1ders1nLover1dge0reek,2-5chainsupgtreamfrom

iunctton wtth Batsn River. Grld ref. s1 9Ug0il/ot+azgg. 
i

Beds mapped as ltlarrgapeka Formation by Grlndley (tg5t ). i

Collestore RrA. Coopen, M.R. rTohnston, 1968. Gollectlon
G. S .gga5.

Cltmacoeraptus sp. ( traroge f ornr)

OL.th,osraptps sp. (large fonm)

zoNE 11'-

519/$8 True nlght bank of Baton Rlver, 2 chains downstrearn

frorn northorn tribut6ryr 15 chains downstrearn from

I

I
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Lover.iclge Creek. Cr.ic i'ef . Sl g(tSCi)/OSOzEz. Collectors

it.A, Cooper , i,:.il,.Iohtrsion , 1968, Collection Q, S.9905.

i)icellogrnt)tus sp.

ZONitS 10 1^t.

519/6D9 Oatcrops on .tri=,sri on north bat:ic of Baton R.lver, 1O

chains dorvrrstrearrr 319/638. Grid ref . s'1 9U951)/051281 .

Collectors R,A. Cooper, ,v.. R. Johnston 1968. Collectton

G. S .9907.

Graptolite fragrnents indet.
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STR'ATIGB4PHI C lj:,rgTICNS

The f,ollowing s,tra tig;raphic secttons have been ehaln-

and-connpase traversed. $ections 1 to 6 are exposed ln strearn

valleys in the ^Aorangl liiirre area and are shown in l'laB 2i

s,ectlon 71s exposed ln a dry gully in the Pll(tklruna Ecarpt

near llallee Knob (f fe.'t 5) ; sectione B and 9 arae exposecl ln

the valleys5-de In tlre l'{angapeka VaL1ey area (ff g.1O).

{

$e c,t,l on .1. , Anphr 11 _cqeeE

Top of s'6ct1on 4 ehnlne dorinstream from hlgh waterfall

i.n Anthill Gr.Eek. Grid ref . 871 992.

Aorangt, ivilne Fonmatlon - rnember AM}

pa1e, blue-groJif r masslve argllll.te r pyrl tla
argllltrte, and rare bancls of quartzite

not exposecl

paLe and dark, blue-gr€Ilr fissslve arg1l1lte

TOTAL I llt€nber Ai'[j

Aorangl Mlne Foriuatlon - rnember A&ta

blaek flsslle and chertY slate

Golleetlon $2/555

blask and dark blue-grey flsetLo slate

maeslve pal.e quartzlte

Fee t.

2O+

50

ho

120+

15

6

15
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psLe bl-ue-greJr sillceous argllllte wlth

bla elc oha le b arid s 11

n,ot exp osed 2P

bl-ack, chertlr and flgsile slate 53

0o11ectlon 821564 (approxirnate posltlon

at ht gh waterfall)
blsck cherty slate 50

Collectlon S2/589

blaek cherty slate loeaLly brecclated 50

Col]-eetLon s2/5$a

black cherty slate wtth raro quartzlte bands 1"1O

Col'lection fi2/59}

black eherty slate wtth rare quartzlto bande 11O

ColLectlon s2/526

bl,ack cherty slabby sLate , Jg -
IOTA,L r rnember AMA h7O 

l

Aorangl ifrlne FormatXon - rnember AMI

masslve pale quartzlte

TOTAIT, rnernbe r AMI

- ?Et-
25+

Base of eectton one chaln upstream from o1d Anthll1 i'

t-

Mlne drlve. Grld ref. g2/868992.
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8,e c t i gr-l 2:, $14 t:r, Qrgalc

top of seGtion in eastern tributary of Slaty Creek,

approxi.rrrately thi, rty f ive cha lns upstreain frsm l te c onf truenee

wlth $Laty Creelr,. Grid rei. S2/887984.

Fo-r.rR's tl on B

grey, fi.ne3.3;r' lamlnated (z-lprnm) arg111j.te

medlun- ts dark-grey slate

O,ol1eetlon 92/575

Slrey, f lnel"If Larninated argilli te

not expssed

alternatlng 1-Zft beds of o*uartzlte and

darlr band ed argll-11 te

Gollectlon 32/573

not cxposed

TOTAL, Formation ts

FormatlonA-rnemberA5

flne-grelned eandstone and quattzite wlth

1 -l+lnch bands of dark argitrll te

cotteetl on gZ/577

alternatlng bande pf grey or biack sil,lce'oug

anglIllte, eandstone, and quartztte

black slate

Collectlon S2/534

lnterbedded greJr pyrltle quartz-sandstone'1

Feet.

354+

10

150

180

80

110

89O+

3o

3'10

15
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quartzl te, grnded beris, anC r€re, blaek

and grey argillLte bands

Collectton SZ/5lt

alternatlng graded beds, qqa r\zites, argilrltes
rna s s lve , pale qua rtzl_ te

ngt exposed

maEstve, bLue-grey to grey argllLlte
not exposed

T0TAL, mernber Aj

Formatlon A - membe-r Az

argilllte, elato

locally bresclated

Oollectlon gZ/6].3

blaek, masstvo r snd

Colleotlon g2/D3g

black, magslve r Fild

TOTAL, member L2

thlek-bedded slate

thlck-be,dded slate

FormattonA-rnembenAl

grey quart.z-BaDdgtone in j-lnch beds urtth

thl.n sheared phyLr.ttee wl th graptollte f ragmentg

b:Ltre-gr y' argllllten wlth rnicaceoug sanctstone

bands, slumped ancl dlsrupted beddtng

ColLectlon S2/569

pale and dark, blue-greJf messlve.and beclded

argl111 te

ma sai.vg , black I slli e e,ous

and sandstoner spotted and

{BO

5o

110

100

9o

1 00,

g'95

254

7o

2.O

100

20_
3i+o

lQO



392

rnesslve, pele qunrtutr te

alternatlng bands o,f blue-grey spot ted a rglrrl te

and e$ndstone, looaily wj. th slwnped and

disrupted bedding

not exposed

shenred and foL,dsd, blue-Sr'ey argilllte and

sand stone

Collecti on S2/558

thln (e-htnsh) alternating bands sf pele and

dark, blue-grey, rnleaceous argtlllte ancl

sandstone

not exposecl

altern,a tlng bands of qua rt,zl te ( t f t. thlck)
vrith thln sheared angll1l ttc l-ayeps

TOTAL, mer,rben Al

Aorangl &[lne Forrnatlon - rsennber ^Al{il

massl.vo , pale guart zit e

thln altornatlng bede of black elate and

eand s tono

Col.lestton ga/556

masslve and thick-beddeil qua rt,zlte
altsrnattng and graded bede ( 5lnches to ztt
thlck) of blue-trey arglLttte and san.istone

ma s slve , p6tre , blue'-gre5r and gr.ey qua rt zl te

maselve and t,hlsk-bedded, flne to coarse-

, gralned, pale, blue-grey. argifltte
Csll"ectlo,ns g2/066 1567 1776

'l30

225

9o

25

9o

204

Eq

{ 030

150

15

5o

120

105
I

I

I
I

I
I

.i,

'l
i

f.

I

I

15
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massiv,e guartzite (e;rl:oso,l ln
Creu,k )

TOT.{1, rrr€rrlber Aiil4

Base of section in
mtnon true left trtbutarsr
rof . $A/B|l+ggg.

81aty Creeji, et junetion wt th
opposl te Sweeney t s ilut. Gnld

Ue;
lovier_AFrU

Feet.

2A

5o

200

5

200

10

9o

5

50

20

9o

LL t t1e 31a ty

5-0.+

5O5+

Sqetign 1a,

Top. of sectisn continued in seetion tb

Aorangl Hine Forneatlon - nember AM1

grey, rnasslve r Qrrfl rtz sand,stone

not expoeed

pale, brecelated r rnassive quartzite
lamlnnted chert
gre$r eoarse-grainod sands tone and greyKracke

black, cherty eIate, contorted
pale grey masslve sandstone

black slate anil lamlna ted che rt
dark grey bedded sandstone and quartsLts
blacle r sl lrceous slate and larnina ted chert
pale grey rnasstvg quartzite
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not olrp g.ged

rTtasstve quartzlte

lsrni ne te d ehe rt
greJrr rnssslve gua rtsite
bl.aclc, 1a^ninated sLe te

d,ark grsyn bedded rniottte,d sandstone and

bIach, and Laminated slate
TOTAL, rnemben AMI

iTebb Fonrnation

dar'}c rriottled sandstone

not expo,ged

grey gua rtzl"te

bl'ue-srey spotted slltgtone and arg'tlrt te

lvl th eand st ono band s

greyr FhylLltlc stltstone
nof exposed

grey gr€ywaake

dove grey, ell.lGgorls angllltte and

eand g t one

not erposed

SFeJf r ep of ted r sl'}lce ous sand e t one

gr€Irn ellleeous argllltte
grelr, epot ted e etll ceous n thlck-bedd ed

TOEAI, Webb Formatlsn

fine-gralned

sand et oD,e

70

10

Zfr

180

20

quartztte 170

l.Q _

123O

170

220

100

250

4'

75

5o

21 0

150

150

170

lqQ+-

1 74o+

Baee of seotton n' 16 ehatns upstre,arn North Branch,

Santlhllls 0reoh, f rom J unctlon wl th 6outh Bnanch. Grid ref . s2/
858970.
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ffectI on 3b. lloitL Brrinch.. Sarrdhll.ls Creek;

rnl4rj l.e ,.na qt

ToB of ,sectlon contlnued in section 5e

Agrangi r,ilne Forrnatl on ! mernber A[iz

black graphltic sandstono

Collectlon S2/617

blaek s1at,e and sand stone , with grolf phy,ILlte

bands

Colleetlon S2/618

o-laclc sandstone, rvlth thin slate anil Bhylrlte
band s

Collestlon S2/6,19

brack sandstone , rar,e state and Bhylrt.te bands

CoL,tr eetlon g2/6?:0

blaek I cherty, sLate wl th sandstone t5ands

Foet.

3

10

5

6

I
ColLeetlon S2/621

sheared [:],ue,-grey graphl tlc sand stone and

argl l,ll t,e

not exposed

bLsck elate and phyllLte

Oo11eer-i.on SZ/6AZ

black slate and sandstone

Co1lectlon S2/6zJ

hand brack cherty sl,ate rvl th sandstone bande

25

58

3

15

Oo1leetlon 82/52i.+

30



396

hard ,blaclr: ehert, Ia;iirr:ated cireri r flnrf t.hin

sandstone banris

Collection A2/a25

ei.liceous black sLate and chert

0o11ee ti. on EZ/626

hard r cherty slate vith thin fissile iiands

C ol-le e t I on gZ/ 69T

hard r blackr slriceous, bloeky ehert rvith rare
fossi.ltforous flsslle bands

Colleatisn 92/6Zg

hard , blaek srlenty sla te ( in z-Srnetr bed s) ,

sandstone and rare phyllttta bands

Approxlmate locatton of Collectisn gZ/541

not ox.Dos€d

fOfAIJl rilornben AIda

22

33

74

,59'

548

13

12

$ectlon eontlnued in eeetlon 3e,

$ec t l" og .5c , SoEl!! Brangh. $andbiLls Creek;

upper part

-

Top of sestlon 10 chains upstream fronn Junctlsn of
maJor tnlbutarles Ln headwaters of Sandhl].ls Creek. Grld

ref . 879967.



Aorangl riil,ne Formstl on - ffie{iibe.r Ailri[

dank SreJtr rnassj-ve gua:r*uzite and sendBtone

(tnlekness appr'oxlmat€, seetion line brolren) t+Zo

dark slreared phylltte and striceoLrs argrrrtte,
carbonaceou€ sanilstone, rare blaetc nlate 50

Oollectlon g2/53O

397

FroBrna tl on ^A - meinb e n Al

blue-grey ina6sj.ve argllliie
blue-tre6 Ftsrlttcr spot berJ argilltte nrith

sendetone bends

Colleetlon g2/631

not e)rposed

darh, carbonsoeousr Epeekled sandstone

?01AL, Inennb,€ r A,1

dark trhylltt€ r argllJ.lte and sandstone

not exp:osed

FaJ'e grey, masslve qua rf,zi te

IOTAL, member AMlt

Aorangt Ml.ne Fo,rnratlon - nndrnb,en AMj

dank, flhe-gralned sandstone

CoLLectlon s2/529

pale, blue-greJr, rnasslve,

argl1l.l te

TOTAL, raemben AIfl}

pyrltic, nicaceous

SectLon contlnuerl r $octlon 5b.

Feet.

5o+

70

5o

- 5L_
2:30+

5,0

50

2,0Q _
800

2,O

10p ,

120
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Sectlon !, Eottl.e_CEge:k

Top of -seetion ih

from lts junetion wlth

82/87AgBg.

Eottl-e Creek, seven

Llttle SIaty Creek.

chains upstrearn

Orl,i ref,

Aor.angl l{lne Forrnat,lon - rnernber AMa

bands of hard and soft black slate

Col,leetlon S2/599

black eLate

not exposecl

black slate

Collec tto,n g2/60A

hard s,LabbJr bLack elate

Colleotton s2/6O1

hard slltceous black slate

ColLectlon 82/502

black elate

CoLXection S2:/6Oj

black elate

Collectlon 52/6A+

bl,ack slate

not exposed

hand black elate

Collectlon S2/605

hard black slate r

Colleetlon g2/6a5

Feet.

5

13

5

5

5

5

5

10

10

5

zo

2



hard blaek slate

Collectton g2/607

black sLate

TOTAL' rlleillber Ali2

Base of section

from lts junctton tvLth

399

ln tsottLe Creek, 11

Llttle $Laty Oreek.

-J!-
1.1 0

cha lns upstream

Grld ref . g2/869989.

10

gectloF n, headr:reters,-of 814,!-v C-reekr

Top of segtlon I chains up true Lef,t fork !n

headwaters of Slaty Creek. Grid ref. 32/887963.

F'onmati. on B

grey laminated argllllte
blaek sheared slate

grelt larnlnatecl argllllte
dark spotted sbale

grey argl}S.tte and grel/ Lamlnated argtlll te

TOTAL, F orrnation B

Formatlon Ar mornber 
^3

dark greY f old ecl sLate

blaelt, e tronglg cleavecl argllll te

bedd edl grey qua rt'zi te

'olaek graphtttc s'and stone and arglllit'e

Feet.

180

20

280

25

2Q

15

130

35

bh0--*-.-
1145



ll0O

dari<,tuartzite

TOTAT,, meinber AJ

16Cl+

25A+

Base of sectlon jg ehai.us cornsltream from fonlcs ln
headwater"s of sraty creek. Grt,J ref . sp/g azgi7 .

sec-tlog 5r $In!y Crp.gE. l.orver.eqrsg

Tsp of seetlon at dotvngtrearn end of Slaty Oroelc lower 
i

gorge, Gri.d ref . S2/851 0,O9.

Aorangt itdlne Forstatlon - member A&i4 Feet.

Bale BreXr p5rri tic r f lne-gratned r rnasslve

quartatte 1F'O+

not exposecl ., ZO

TOTAL, menber AM4 1 7O+

Ao:nangt Mtne Formatlon a rnemb,er AIIS

darrk blue-grey mas sive sllico oug arglrllte 1 0

Oollectlon S2/632

not exBosed I+O

C,ollection S2/5Uj

bantled (il* ) dank and pa,le blue-Sreyr graphltla

argl,Il"tte anc! slate, wl th thln sancl etonE UariOs 50

blue-grelrr masslve, rnodlwR-gtained and coarse-

gralned gnaBhi.tto ssndstone and arglLllte 4O

greJi' quartz sandstone $



i+Ot

blue-greyr lrrassiver $rF,rphitlc argilrlte 15

Colleeti on SZ/14B

pale nnd dark blue-gr.sf, Insssrve arglrlite and

sand stone TOt 
.

TOTAL, mernber Aif3 p00+

B,ase qf sectl sn I clralns eJownstrea{rl f rorn $la t3r Creek

l ower gorge. Grl d ,ref , FiZ/8590i 0.

.Sec!lptl 71 llzuiJ.ee'i(nob

ToB of section ap-proxlmately" 50Of t below cre st of
Plklklfuna BsarB ln hes,dwatene crf Dry Stnearn. Grld ref.
s1i(1gs,oj/aag5zg.

Hailee Knob Quartzite Feet.

nalnl-y rnaselve grey s,illceous sand stone and

qrrantstte ntt th rare phyllltic bands and flakes 'l O0+

rnasstve nnd beddgd' quart,zlte rvtth extenslve

].scal fracturlng 60

ABproxlmate honl Bon of colreetion s13/55o

grey hand ssn.'I stone and quartzl te wlth brown

eal"eareoug pods and lenses 4O

grey barrd masslve quartzl te and greywaeke 1 O0

guantalte wlth rnuddy and phyllttle rayers anil

rare eal.careo[g bends. Strong local. shoat"lng 45



ho2

well ,bedded gusrteite and snnrlstone with rnurlstone

flal{es,and thln sheared ph.y}lite bands nnd

caLeareous bande 55

blaclc phylll tic sirotted nchl st qrlttr ca -careous
bands, strongly eleaved Ze.

TO-TAtrJ , Ha iles Knob Quarizlte 4gO

Mount A,rtbur ir{anb1e

Ro,t erposed ZO

graphltle blue-grey fraggy limestone, with
rni.nor eontorted banrls anc wt th rsre thln band s

sf graphitte sehtst jgggt_
TOTAI,, ir{ount Arthur tliarbls 1O20+

----Base of seetton exposed in lyestern face of
PtklltLruna searp r agproximately 17OOft below cpest of rldge.
Approxt'nrate grtd reference sl 5 ( t ggo ) /zosjlj.

Sectt oq .,:9, ilrnlsh,! C'reek-_trilqtEapeJ<,8 Valle.v

ToB of sectlon 750ft above lTntght Creek ln eouth slde
of vaL1ey,, 30 ehalne upstrearn from the Junatj.on wltb irlangapeka

Rive n, GnLd ref . sl g U g6il /g5gog7.

E1lte Fonrnatlon - nnenbor El

mase,l,ve quartztte, localLy, brecslateil

TOfAIre lflsmber 8,1

Feet.

5q+

65*
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',*Jangapetrca Fgrna ti on - n:i,einbar ,'J4

not exposed 225

grey s1a t'e and phyllL te ivi th rare blaoic

argllltte lrands 95

not e:(lao.sed 40

doler:tte slll or fl.ow I
blae k argllll te lt7

grey argtr 1.11te , phyltl te , pnre sands tone bande 50

darh s,Iate and argtll.tte 43

not expoeecl 4O

gr€y arglIIite 1 O

Cotlectton g19/621

darE slate and anglllite 95

Collectton 919162A

dark ergllilte 10

Col1ectlon 919/619

dark sendstsne 1?

blask arglllite with bands of leaehed sandstone 95

ool,Lectlon s19/618

black argl.lIlte and sand.stone 5

well bedded blaclc elate end argt3.1-1te with thln

bands of grey' F'lryLl1te 2'96--

TOTAT, mernber Wt+ 1 O8O

tsase of, s€ctlon about 50f,t ebove stream b,ed j.n south side of

lr$rlght Creek valLey r 3.A chalns upstr.een froni the junctlon rsl th

Wangapeka Rlve r. orl d ref . $1 9 ( 1 9 fi) /957091 .
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Section 9 r 
"'Jariro'T:ero, 

Blve,.r'

Top of sectlon ai r.ldge cresi b,etureen lifangapeka and

Roll.trrg Rlvers, about 25OAf t above sea 1evel, * mlLe 'e'outh-

wesi of Trig r. Grid ref. s19(tg6l)/9A7CI88.

8L1il. s Forrriaiton - ,ffsrrtb€tr E3

hand BaLe sand st one wi th e alsa tr1e o us band s

Col]-.ectl on ,$191596

sar:rJ stone and a rgl lLi te

not exposed

thln banded dark shale

TOTAITT rnember T'3

Bl,Ile Forrnatlon - nnemb,er El

hl,ue-greJf tuottled rnuddy sand stgne

n"ot expoeed

hard whi te guartal t,e'

not exposed

Leacfred calcareous sanilstone wi. th fossil

f ragnrents

not exposed

paLe hard massivo quartzlte

dafk, mOttled, nruddy sandstOne I C,f,OSs-bedded t

wttb muddy lenses snd bands

ma*islve, hard gua t'tzlte

Fee t.

3a

4o

5o

.s0

{60

5o

500

10

r50

180

q1-o

1 27A

10

60

200

TOTALT member El
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r'iangapel..a ilor.r;ia il on ltjgi:tbel. ,,!q

noi e:.iposecl 
dO

ui'e3r i-hyilite';ri"tri blecl: ghale banris 7

Col-leciion 519/5,t5

not exposed g

d arii phylll te 12

uark, cLeaved ar.giilite 10

CoIIect,iori 519/Cij

derrirr cleeveci argilriie'riti: bancis of brecli
slate nnd grey phyllite iO _

TOTAL , iierriber i'i4 127

Base of section 1E0ft above ierr.ace in south slde of
''t/angepeka t/al-Lefr 12 clri:ins dolrr:str.eani fr.orr the junctlon lvith
TfrlSht creek. Grrc ref. s1 g(tgfi)/963095.
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Lower and Middle Paleozoic Fossil Localities of
North-west Nelson

R. A. Coornn,

Victoria University of Wellington.

lRccciacd by the Editor, Noacmber 14, I967.l

Abstroct
Trre Lower and Middle Paleozoic fossil localities in North-west Nelron atc arranged
il 7.1 locality-grorr1x, whichrare_shown 9n -a m?p_and are tisted-ira t.bi" gi"id;ifttfo$il numbers, ipportant -focsih, lithologier, iiferred ages, and referencles. -Fosgils

(including Porifera, Coelenterata, !o$zoa, Brachiopili", Uottus";, e"tU""p"a",
Bchinodermata, an{ Graptolithina) indicata Midd,le b.mti;an, ;;t'of -trr" 6rd;:
vician, and Lower Dwonian a*es.

New fossil localities are rEcorded from the Aorangr Mine arca, Paturau River,Elliot cree\_Ramele creelc, _cobb Road. North Branih of Grahani R$;;b;ii;
and Pearse Vdle.I8, Baton-V{ley-, .$ Wi"g_"peka Valley. Stratigraphic ri"ges and
geographic_ dictributions of the fossils are distussed and brief m-enfion is m-ade of
Lower and Middle Paleozoic fossils from elsewhere in New zealand. 

-

InrnooucrroN
TnB Lower Paleozoic foEsils of North-west Nelson were rerdewed by Benson
and..Keblg (199-6) and the Middle Paleozoic fossils by Shirley (1938). [drny n"*
fossils and fossil localities have since been foun4 *"*t of #nitn axe as yet unre-
corded. This paper records all known foesil localities-about 230 in all--of definite
or probable Lower and Middle Paleozoic age in North-west Nelson.

- The mmt common ard uldgly distribut& fossils are graptolites, which a^re nowh"y1 ,.o represent most of tha Ord-ovician pe{od. Tt iy are currently being
studied by the -writer. Porifera, Coelenterata, totyro4 Bi.achiopod4 Mollusci
Arthropoda, and Echinodermata are also represented.

The Ordordcian is here divide{ accordingto the stages used in Victoria (Thomas,
L96q) ; Lorrer Ondovician includes the Lincefieldiai, Bendigoniano Ct e*t*i"",
Castlemainian, and Yapeenian stages; Middle Ordovician inciirdes tfre Damiwilian
stage only; Upp"" Ordovician includes the Gisbornian, Eastonian, ild Bolindian
stages.

A locality maP, Fig. 1, shows the distribution of fo$i[ferous Lower and Middle
Paleozoic strata throughout New Zealand,

Lrsr or Fossn Loclrrrrus (Table I)
Indivfulual fossil localities are registered in the New 7*a/rand national fossil

recond catalogue with sheet fossil numbers, Each fossil locality is normally allocated

Published by the 4y:!.society_of New Z99land, c/o Victoia Uniuedty o{
Wellington, P.O. Bor 196, Wellington.

Trcns. R. ,Soc. N.2., GcoL, Vol. 6, No. 7, 9p.7ffi9, 2 figs.
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a single locality number, but re-collections from a few placgs hlvg^F.t giY..t
s"parate numbers. For example, the num,bers 513/484 Tq _ 

5l:3/126 probably
both refer to the well-known 'd Trilobite Rock " locality in Cobb Valley.

In order to show them in Fig. 2, the 230 fossil localities have been grouped into
a total ot TS "locality-Soups", which are listed in Talble I (by consecutive num'
bers prefixed with " LG'o), together with sheet fos{! n-umbers, collection numbers,
grid ieferences, important foesils, general localities, lithology, age, and references.

fig 2

J;;i"l-;IE
l:: : 

:::i: :;: : ::j: : i; |,i#.
Rcoflon '):: ,.f7^;.

.'.'.'.'.'.'.'.'..-'l/#

Preservo lion
Inlet

Fro. l.-Locality map showing Lower and Middle Paleozoic fossiliferous rgcls (black),
together with generaiised pre-Cretaceous units of the South Island. 4, Paleozoic and
?Mesozoic granites and assiciated rocks, pre-Devonian unfoseiliferous sedim_e-nts, and meta-
morphic rolks. P, Permian; T, Triassic; i, Jurassic; !, T, ?nd J being sediments, volcanic

rocks, and schists of the New Zealand Geosyncline.
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Grid references give the position of a fossil locality near the centre of each
try4iry-g_.qup, and are based-on the following map ediiions: N.z.M.s.l, sheet s2
(1995 edition), q3 (1946 edition), 57 (1965 eaiidon;, SB (1948 edition), S13 (1950
edition), and Sl9 (1943 edition).

. Only the- more important fossils are listed. Graptolite names are revised, but
the names of other foasils are as published.

General locality.is given_ for quick reference. Lithology is fotlowed by the
name of the formation in which the beds \rere placed by Grindley (1961),'with
the exception of Hailes Knob Quartzite (Cooper, 1gG5).'

. -fht -ages 9f the foesils-Cambrian, Ordoviciian, Silurian, and Devepi4l-a1.s
indicated_Fy th" symbols "C", "o", "S", and '1D,,, and are subdivided into
upper, Middle, or .ower, indicated by " u", " M ", *d " L ", when known. The
age symbols-are_enclosed in-parentheses when the age is inferred from stratigraphy,
and cannot be determined directly from the fossils. Important references are num-
bered as in the list of referencei at the end of the p.p".; those publications in
which the fossils are listed or described are indicated Uy 

"ha"rtned 
numbers. Mosr

of the fossil locali-q-group-s aT shown in the I :250,000 geological map of Golden
lal (Grin{I.V, 1961t, anh a few are mentioned in tire teit acJompanying the map.
Only Grindley's text references are given in Table I.

. Jyg rgpolted localities_require special mention. Of the first (listed as LG 14,
i1 !$e I) Benson-and Kebh (1936:249) state: "The coral obt"i""a by par[
(1889) further northwards from the Ta"kaka Valley, eight miles from it* -"ttr,
:vas c.ompar-ed by D. {. R.. C. Reed (1927) to Paieopira (Heliolites) inordinati
_Lonsd., a form occurring in the Bala Limestone of 

'pembrokeshire '. . .,, The
Bala Limestone is Upper Ordovician, and, Grindley (1961) used the coral as evi-
dence for. an UPP.t Ordovician age-folthe- Mount'Arthur Marble. Unfortunately,
no coral is mentioned in the _paper by \eed, and the actual identity of Park's "o*iis uncertain. Howwer, the,Upper Ordovician age is confirmed bi. the recenf di;-
go]ery of further corals in the-same formation a-f.* miles to the south (Table I,
LG 17 and LG 18).

The second of these localities is " Perseverance Mine, Bedstead Gully, on the
eastem side of the Aorere River'orli,ich, according to Benson et al. (19g6: 360),
was the source oj. a. spgciol"t of. Didymograptus libberutu.i Nich. () Isograptii
caduceus (Salter) )- in-the Breslau Museum. 

'Beca-ury 
only unfossiliflrous, ri*irgfy

schistose rocks are known from Bedstead Gully (G.W.Gtittdl.y, p"rr. .o*-l,"it
is not included in Table I.

Nores ou Nnw Fossn Locer-rrres

New fossil localities are discussed below, in order of One Mile Sheet districts.

- . S2.,- lor.ag1 Uilt, Slaty Creek, and Sandhilk Creek, south of WesthavenInlet (1,9-!-LG I in Tabli I). Graptolites from orr". 55 new localities near
Aorangr -Mine indicate arl apparently tontinuous sequence about G,500ft thicL,
T.angTg f-{r erly Lorver Oniovician to early Upp.. Ordovician in age. Grapto-
lites from this area wene Rleviogs]y {_escribed .r I-nt.r Ordovician *ly"if"[f" !"4
-Be1sorq,_19i9; B"lp-tt et-a\,, 1996; skwarkq 1961; smith, 1966). ThL ioosiliferous
beds-4lack_gnaphitic slate and blue-grey non-graphitic'argilliirare interbedded
wt$ banded quartzite and argillite and thick badJ of massive quartzite. Most lie
within the Aorangi-Mine folnalio! ?l mapped by Grindley (l'96l). Two of the
new localities wenc found hy o. G. B5hop (N.2.. Geological survey)'and the ;;;during 1966;-the remainder were found'by the wriLr during'ig66 and 1g6t
7'onal graptolites include Adelograptus cf. 'uictoriae (T. s. H?tt1, r;;;;gr;i;;
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alproximatzs (Nich.), T. fruticosus (Hall) , Didymograptus protobifidzs Elles, Iso-
griptus caduceus aictoiae Ha^rris, I. caduceus diaergens Harris, Oncograptus upsilon-
T. S. Hatl, Glyptograptus intersitus Harris a,nd Thomas, Paraglossograptus ethertdgei
(Harris) , Diplograptus decoratus H;atns and Thmas, Amplexograptus cf. confertus
(Lapw.) , Dicellograptus sextans exilis Elles and Wood.

53. Paturou Valley (LG 11, LG 12, in Table I). Two to three miles north-
east of Aorangi Mine several foesiliferous pebbles have been found in Paturau
River and in its tributary Thompeon Creek. A pebble of black chert containing a
sgAimen of Tetragraplu! cf._reclinafzs Elles and W_ood, indicating J Lowef 9odg-
vician age, was found by B. Stainton (Vctoria University) itr M"y, 1966, in
Paturau River, a few chains upstream from the mouth of Thompson Creek. Pebbles
of dark slate containing Middle or Upper Ordovician diplograptids were found in
Paturau River two miles upstream from Thoanpson Creek, by the writer in January,
1967. At the sarne time he found sla,te pebbles containing specimens o,f diplo-
graptids and of the typically Upper Ordordcian genus Dicellograptus in Thompson
Creek, a few chains upstrearn from in mouth. The pebbles in Thornpson Creek
wene traced upstrearn to outcrops of dark slate contair,ittg gr:aptolite fragments in
the east bank, 40 chains from the mou'th, but the source of the Paturau River
pebbles--both those found by ,the writer and those found by Stainton-remains
unknown.

A pebble of grey slate containing the impresion of an articulate brachiopod of
uncertain age was found in Paturau River at the mouth of Thompson Creek by
D. C. Mildenhall (Victoria University) rnd D. G. Bishop, in March, l%7. Its
source is unknown.

Several fossils have already been reported from these two streams. The trilobite
Ogygites collingwoodensis Reed, from a boulder in Paturau River, was described by
Reed in 1927 (LG 8, in Table I). A fauna of trilobites and graptolites from grey
siltstone boulders and outcrops in Paturau River, two miles upstream from Thomp
son Creek (LG 9, in Table I), was reported by Bishop in 1965. The fauna includes
specimens of. Dicellograptus cf. sextans exiilis Elles and Wood and Ogygites colling-
woodensis Reed (A. J. Wright, pers. comm.) suggesting an Upper Ordovician age.

A lens of limestone in Thompson Creek one mile upstream from its mouth con-
tains fragments of small shells (Bishop, 1965) and conodonts of probable Ordo
vician age (A. J. Wrighq pers. comm.). Unfortunately its stratigraphic relation-
ship with the graptolite-bearing dark slate farther downstream is unknown.

57 and SB. Elliot Creek, Aorere Valley (LG 13, LG 20, LG 21, in Table I).
Black slate boulders containing graptolites were found in Elliot Creek by H. W.
Wellman and students of Victoria University during a field trip in M"y, 1963, and
traced to outcrops at a 20ft waterfall about 'two miles upstream from the Ao'rere
Valley Road. At the same time an incomplete specimen resembling Glyptogrdptus
intersitus Harris and Thomas, of Middle Ordovician age, was found in a pebble
in 17 Mile Creek, one mile to the north-east.

A single pebble containing a poorly preserved specimen of Phyllograptus was
collected from Denton Strearn, near the road bridge a few miles to the north-east
of Elliot Creek, by the writer in 1965. Graptolites were later collected from several
localities in Elliot Creek and its tributaries. The fossiliferous rocks range from
hard, siliceous, black slate to massive, moderately sofq blue-grey argillite. Important
zonal graptolites include Tetragraptus approrimatus (Nich.) , T. fruticosus (Hall),
and Isograptus caduceus rnaxirna Harris, srlggesting that muc! of the Lower Ordo-
vician is represented. The fossiliferous rocks and fossils closely match those in the
lower part of the sequence at Aorangi Mine and Slaty Creek, l0 miles to the north.

S8. Rameka Creek (LG 15, in Table I). Poorly presewed brachiopod impres.
sions were found by J. E. Braithwaite, of Lime and Marble Ltd., Mapua, in April,
1964, in outcrops of dark crystalline limestone one chain noflfi of a logging track,
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half-a-mile south of the junction of the IqgS"S track and Rameka Creek, about
five miles south-east of Tala.ka. Boulders of similar limestone containing indeter-
minate crinoid fragments were found in Rameka Creek and in Dry River, to the
nortt\ by members of Victoria University field trips during 1961 and l%2. The
limestone was mapped as Mount Arthur Marble (Upper Ordovician) by Grindley
(1e61).

S13. North Branch, Graharn Riuer (LG 42, in Table I). Indeterminate coral
and crinoid fragments collected from marble boulders in the north branch of
Graham River, near Mount Crusader, by D. J. Sfanton, of the Caurthron Institute,
Nelson, in 1963. The boulders are probably derived from rocks outcropping in the
headwaters of the north branch which were mapped as Mount Arthur Marble
(Upper Ordovician) by Grindley (1961). Corals *ere earlier reported by McKay
(1879) from crystalline limestone in the south branch of Graham River (LG 26,
in Table I).

S13. Cobb Road (LG 45, in Table I). Poorly preserved fragments of what are
probably graptolites were found by the writer in May, 1966, in phyllitic grey shale
in a road-cutting half-a-mile north-east of Sam Creek, on the rmd to Cobb Power
Station. One-and-a-half miles to the east, Wellman (1962) reported poorly pre-
served graptolites in the east bank of Taka^ka River (LG 41, in Table I). The
rocks at both localities wene mapped by Grindley (1961) as Wangapeka Formation.
If the fossils are actually graptolites they indicate an Ordo,rdcian to basal Devonia,n
age.

Sl3. Graham Valley Area (LG 46, in Table I). P*tly preserved, indeter-
minate diplograptid graptolites were found in spotted, black, cleaved slate on the
ridge between Graham and Pearse Valleys, md in boulders in the Pearse Valley, by
M. R. Johnston (Victoria University), who is at present mapping the axea.. They
are Middle or Upper Ordovician in age, probably Upper Ordovician-the same

lge as the nearby graptolites of Mount Lodestone (LG 27) described by Keble and
Benson (1929) and by Skwarko (1962).

S19. Baton Valley (LG 51, in Table I). Pootly preserved graptolites, including
? l?ry" specimen of, Dicellograptus sp. and diplograptid forms, were found in
boulders of dark, strongly cleaved slate in Baton River between White Creek and
Loreridge Creek, and also in Loveridge Creek, by H. W. Wellmil, I. Willis, and
the writer during the summer of 1961. Further graptolite fragments occur in
learby outcropsin the northern bank of Baton River (H. W. Well'nan, pers. comm.)
in rocks mapped by Grindl"y (1961) as Wangapeka Formation and ionsidered to
be of Silurian age. In Victoria, the larger forms of, Dicellograptus are confined to
the Upper Ordovician, and if the outcropa mentioned by Wellman anre the source
of the boulders containing this fcsil, an- Upper Ordovician age is likely for the
Wangapeka Formation at this locality.

In Baton River Grindley has mapped a conformable sequence between the
Wangapeka Formation and the well knovm fmiliferous Devonian Baton Foruration,
but according to Winis (1965) the sequence is faulted.

S19. WaVgapelea Valley (LG 52-56, in Table I). Poorly preserved graptolites
w_ere reported il t!"tu and phyllite boulders in two creeks in Wangapeka Valley-
l'[_"sggty Creek (LG 47) and Wright Creek (LG 53)-by Henderson,-Grange, and
Macpherson ( 1924). Phyllite boulders with poorly preserved graptolit$ were fornd
in Wangapeka River, one mile dorunstrearn from Rblling River junction, by H. W.
Wellman and the wriiter in 1962. In 1965 outcrops of dark 

-argilite 
with well-

Pf*q*S graptolites were found in the valley side south of Wangapeka River.
10 chains don'nstrearn from tJre mouth of Wright Creek, by G. T. Hancox and
A. J. Wright (Victoria University).
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The writer and D. S. Ker (N.2. Geological Survey) have since found sweral
more graptolite localities in the Wangapeka River and its tributaries. The focsili-
ferous-beds are dark cleaved aqgillit€s and, from their litholog'y, are probably part
of Grindley's Wangapeka Formation. The graptolites include Climacogrdptus'

. bicomis (Hall) , Dicellograptus spp., Orthograpt4ts spp., and Glyptograptus terctius-
culus (Hisinger), and indicate an Upper Ordovicia.n age.

Upper Ordovician graptolites have also been recorded from similar beds at
Mount Owen (LG 54, in Table I) by Johnston, Laird, and Skwarko (1965).

Srurrcneputc ReNcE AND GsooReprrrc DtstnmurloN

The fossils comprise three distinct age groups. The oldest consists of the late
Middle Cambrian 

-fossils from Cobb Valley (Bensur, 1956). Five focsiliferous
Iimestone lenses have been found within rocks of the Haupiri Group. Foseils include
trilobites, brachio@s, gastropods, a monoplacophoran, a calyptotomatid, ostracods,
branchiopods, fragments of sponges and crinoids, and annelid tubes.

The second rg" group spans the Ordovician Period. Lon'er Ordqdcian grapto-
lites are known from the Aorangi Mine area (Benson and Keble, 1936; Skwarko,
1961; Smith, 1966) and from Elliot Creek, Aorere Valley (thit paper), and a
trilobite from Mount Patriarch has been thought to be Lotver Ordovician by
Kobayashi (1940). Middle and Upper Ondovician graptolites are known from
the Aorangi Mine area (this paper), and from the Cobb Valley-Mount Arthur
area (Keble and Benson, 1929; Benson and Keble 1936; Skwarkq 1962). Upput
Ordovician graptolites ane known from Mount Owen and Wangapeka Valley
(Johrxton, Laird, and Skwarko, 1965; this paper). Uppet Ordovician corals,
sponges, stromatoporids, and crinoid fragments are recorded from the Upper Ta,kaka
area (Benson and Keble, 1936; Cooper, 1965), and corals and crinoids of probable
Upper Ordovician age are reported from the Graham and Wangapeka Vallep
(McKay, 1879). The trilobite from Paturau Valley described by Reed (1927) as
probably Lower Ordorrician is now thought to be Upper Ordovician. A fauna of
brachio'pods, corals, and crinoids from quartzite at Hailes Knob (Cooper, 1965) is
Upper Ordovician or poesibly Silurian.

No definitely Sihirian fossils have yet been found in New 7-ealand, and the third
age group comprises the Lower Devonian fossils between Baton River and Wanga-
peka Valley. The foasils are brachiopods, pelecypods, gastropods, sponges, corals,
polyzoans, trilobites, and crinoid fragmen,ts, md have been described by Shirley
(1938), revised lists being given by Allan in 1947 and Willis in 1965.

No Middle Devonian, Upper Devonian, or Carboniferous fossils are knw.'n in
North-west Nelson, but it is of interest to note the recent discovery of a mid-Permia.n
fauna of polyzoans, brachiopods (including .9tro photosia minima Ma:rwell and two
spiriferids), pelecypods, gastropods, and crinoids at Parapara Pea-k (Waterhouse and
Vella, 1965). Further important fossil localities may yet be found.

Geographic distribution of fossil localities is shown in Fig. 2. Although much of
the Middle Cambrian to Lower Devonian is represented by fossiliferous rocks, largp
areas of sedimentary rocks inferred to be of this age-range are without evident
fossils. The unfos$iliferous rocks are mostly siliceous and non-graphitic; they
include siltstones, sandstones, massive quartzites, argillites, ild tuffaceous beds, In
contrast the fossiliferous rocks are predominantly muddy, graphitic, or calcareous.
The relative paucity of fossil localities in the more inaccessible west and central
parts of the sedimentary belt (FiS. 2), howwer, probably partly refleoc the lack
of detailed mapping in these areas.
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The remaining New Zealand Lower and Middle Paleozoic fosil localities are
confined ,to three separate aneas. The first, near Reefton, contains the well known
Devonian beds! fosiliferous at several localities and horizons. The beds have been
mapped most recen'tly by Suggate (1957) and the fossils have been described by
Allan (1935; 1947), Hill (1956), Boucot et aL (1963), ild Gill et cl. (1966). The
fossils are brachiopods, including Acrospirifer coxi (Allan) , Pleurothyrella uenusta
Boucot et el., Reeftonia marwicki Allan, Mooristrophia neozelsnica (Allarr),
molluscs, polyzoans, echinoderms, trilobites, ostracods, and corals. Hill consider€d
the corals to indicate a Couvinian (Middle Devonian) age, whereas the brachiorpods,
which corne mainly from lower in the sequence, suggest an Emsian (Lower
Dwonian) rge (Gill et a/., 1966).

The second area lies between Alfred River and Station Creek, neax Maruia
Springs Junction. Wellman (1962) has recorded Upper Ordovician graptolites in
boulders of strurgly cleaved argillite from Alfred River and poorly preserved grapto-
lites in boulders in Station Cree\ l0 miles to the north. The fosils from Alfred
River include diplograptids and the typically Upper Ordovician generu Dicello-
graptus and Dicranograptus

The third arsa of localities includes the graptolite-bearing strata at Preservation
and C.halky Inlets and at Cape Providence, Fiondland. Benson and Keble ( 1935)
have described the graptolites and a sponge, and revised earlier descriptions; Skwarko
(1958) has listed some graptolites in later collections from Cape Providence and
described some new material. The graptolites indicate that much of the Lower
Ordovician is represented. Brachiopods and phyllocarids (Crustacea) were des-
cribed by Chapman (1934a; 193,1b).

Acrxowr.sDcMBNTs

The writer thanks Profenor H. W. Wellman and Dr A. J. Wright, of Victoria University,
f_or helpful discucdon and asristance in the preparation of ttiis paper. D. J. Stanton, of the
Cawthron Inrtitute, Nelron, J. E. Braithwait-e, of Lime and Marble Ltd., Mapua, and H. W.
Wellman, A. .J. Wright, G. T. Hancox, M. R. Johnrton, I. A. G. Willis, D. C. Mildenhall,
B. Stainton, together with student field parties, all of Victoria Univenity, found new foesils,
and new foseil localities discussed in this paper. D. G. Bishop, G. W. Grindley, and D. S. Ker,
of N.Z. Geologiqal Survey, accompanied the rvriter for some of the work in the field.

The hoepitality of Mr J. Sweeney, of Aorangi Mine, was much appreciated.

Rrrpnsxcns

l. Ar.r.rr, R. S., 1935. The fauna of the Reefton beds (Devonian), New Zealand. N.Z. gcol.
.Ssru. galcont. Bull,, 14.

2. 

- 

1947. A revision of the brachiopoda of the Lower Devonian strata of Reefton,
New Zealand. /. Polcont.,Ztt 436452.

3. BsNsoI.t, W. N.l Kaar,n, R A., 1935. The geology of the regions adjacent to Preseryation
and Chalky Inletr, Fiordland, New Zealand, Part IV: Stratigraphy and paleontology
of the forsiliferous Ordovician rocks. Trans. R. .Soc. N"2., 652 244-294.

4. 

- 

1936. The Ordovician rocks of New Zealand. Ccol. Mag.,73z 241-251.

5. BaNsoI.r, W.N.; Knnr,n, R. A.; Krro, L.C.; McKnr, J.T., 1936. The Ordovician grapto.
liter of North-west Nelson, N.2., second paper, with notes on other Ordoviiian
fcrilr. Trans. R. ,Soc. N.2.,65: 357-382.

6. Bnrsson, W. N., 1956. Cambrian rocks and. forgib fro,nr New [eiland (preliminary note).
fn El ciltema Cambrica su paleogeografia cl problema de su base, 2(2): 28!-288.
Proc. 20th int. gcol. Congr.



4t?

88 T r an s ac tion s 4s,'orrtcY Vor.6

manuscript, held

Nelson. N.Z. II

7. BsNsox, W. N., n.d. Geology of the Co'bb Valley. Unpublished map and
at University of AucLland, Auckland.

8. Brssop, D. G., 1965. Two new Paleozoic fossil localities in North-west
Gcol. Gcophys., 8r 1232.

9. Boucor, A. J.; Cesren, K. E.; Ivrs, D.; Ter.rxr, J. A., 1963. Relationshipr of a new
Lower Devonian terebratuloid (brachiopoda) from Antarctica. BaIl. Amcr. Palcont.,
46(207): 81-151.

10. Boucor, A. J.; Grr.r-, E. D.; Jorxson, J. G.; Lrxz, A. C.; Ter.nxr, J. A., 1966.
Skcnidioidcs and Laptacnisco in the Lower Devonian of Aurtralia (Victoria,
Tamania) and New Zealar'd, with notes on other Devonian occurrence! of
Skcnidioidcs. Proc. R. Soc. Vict.,79: 363-369.

11. CxeprrAN, F., l9t4a. On sone phyllocarids from the Ordovician of Preservation Inlet and
Cape Providence, New Zealand. Trans. R. Soc. N.2.,64: 105-114.

12. 

- 

1934b. On some brachiopoda from the Ordovician of Preservation lnlet, New
Zealand.. Trans. R. .Soc. N.2.,642 ll5-116.

13. Coopnn, R. A,, 1965. Lower Paleozoic rocls between Upper Takaka and Riwala, North-
west Nelson. N.Z. ll Gcol. Gcophys., S: 49-61.

14. Grrr,, E. D.; Boucor, A. J.; JouNsoN, J. G., 1966. The brachiopod genus Maoristrophia
Allan (Lower Devonian, Strophomenacea) redescribed. Proc, R. .Soc. Vict., 79:
35L361.

15. Gnrr.rplnv, G. W., 1961, Sheet l3-Golden Bay. " Geological Map of New Zealand,
l:250,000". Wellington, N.Z.: Dep. Sci. Industr. Res.

16. HennBnsox, J.; Fvrn, H. E., 1927. Murchison suMivision. N.Z. gcol. Sura.,2lst ann.
Rep.: !7.

17. HehrpsRsoN, J.; GmNon, L. I.; MrcrrrnRsoN, E. O., 1924. Motueka subdivision. N.Z.
gcol. Suru., lSth ann. Rep.: !6.

18. 

- 

1959. Geology of the Motueka subdivbion. N.Z. geol. Suru. BulI.,35, compiled
by G.C. Shaw.

19. Hrrr., D., 1956. Devonian corals from Reefton, New Zealanrl. N.Z. gcol. Sura. palcont.
Bull.,25: $-14.

20. JonNsrox, M. R. (in prep.). Geology of the Mount Arthur dictrict.

21. Joxusrox, M. R.; Lerno, M. G.; Srwenro, S. K., 1965. Age of Wangapcka Formation
and Mount Arthur Marble, Mount Owen, North-west Nelson. N.Z. JI Geol.
Gcophys., 8: 85,tr-858.

22. Kesr.n, R.A.l BeNsox, W.N., 1929. Ordovician graptolites of Nort}r-west Nelson. Trans.
N.Z. Inst., 60: 840-865.

23. KosevAsHr, T., 1934. The Cambro-Ordovician Formations and faunas of South Chosen,
Pt. 1. l. Fac. Sci. Tokyo (section 2), 3(8).

24. 

- 

1940. On the occurrence of Taihungshania,a characteristic Arenigian trilobite in
New Zealand. Iay. ]. CcoI. Gaogr., 17; 195-201.

25. McKev, A., 1879. The Baton River and Wangapeka disricts and Mount Arthur Range.
N.Z. gcol. Suru. Rep. GcoI. E*plor., 1878-9.

26. Rsno, F. R. C., t927. New trilobites from the Ordovician of New Zealand. Trans. N.Z.
Inst., 57: 3lG-314.

27. Rnopns, F. H., n.d. Preliminary notes on the fauna of the Cobb River area, Nelson pro
vince, South lrland, New Zealand. Unpublished manuscript held at Geolog,ical
Surwey, Lower Hutt.

28. Snnr,sy, J., 1938. The fauna of the Baton River beds (Devonian), New Zealand,. Q.]l
Caol. Soc. Lond., 94: 459-506.

29. Srwenxo, S. K., 1958. The Lower Ordovician of Cape Providence: a new graptolite zone
and a new species of. Schizograptus. N.Z. JI Geol. Gcophys., lz 256-262.

30. 

-- 

1961. Ordovician graptolites of North-west Nelson: rccent discorreries in the
Aorangi Mine arca. N.Z. ll GeoI. Geophys.,4: 9&-108.



-f

#-;r

---
4t6 tl

No. 7 CoopsB-lower and Middlc Paleozoic Fossil Localities 89

31. Srw4!Ko,!, F., !96!. Graptolites of Cobb RiverMount Arthur area, North-we$ Nelcon,
New Zealand. Trams.R. ,Saa. N.2., Gcol., l(15) z 21L.247

32. Sunn, G. J., 1966. New graptolite localitie in the Aorangi Mine area, North-wect Nelson.
Trans. R. ,Soc. N.2., Gcof., 4(8): l7l-175.

53. Sucsrtn, R. P., 1957. The geology of Reefton subdivbion. N.2,. geol. Surv. Bult.,56.

34. Tsou,rs, D.X., 1960. The zonal dis.tribution of Australian graptolites. /. R. ,Soe. N.S.W.,
94: l-58.

35. W,rre_Irtrous-E, J. B.; VElu, P.r_ 1965. A Pernrian fauna from North.west Nehon, New
?*aland. Trans. R. Soc. N.2., Geol.,3(5): 574+.

36. WBLr:l'dAlrII.-t{., 1962. New graptolite localities in New Zealand. N.Z, il Gcol. Gcophys.,
5: 642-645

97. Wrr.r,rs, I. A. q., 1962. Geology of the Baton River district. Unpublirhed thegis hdd at
Victoria University, Wellinglsr.

38. 

- 

1965. Stratigraphy and structure of the Devonian strata at Baton River, New
Zealand. N.Z. Il Gaol. Gcophys., Sz 35-48.

R. A. Coonrr,
N.Z. Geological Survey,
P.O. Box 30368,
Lorrer Hutt.



I

u2l

Allan' Fi. $- 1935; The Sarrna of :[re leef tori tseds (Dovroilian),

lferv zeainnc . ?a 1 eoir:t. .i*i-.i.. re-olw 1 q.
A11nn r ^?-- E . 19+7: F:epor't of tire r ternu ing 0o:urriittee on

Da turr-?lftnes in ihe Geo.Logical ]il s tor,.;t of the ?aelf io
Ilegion. ?roc. =Sth_Aegi;itg_Ecf .lalgr, VEI : j25_423,

A.rner.ican Co:mrrrission on Jirati.graphic l{orneneiatere , 1gS1 z

CorJe of 3';ratigrrrpiric lio;n;-neleture. Euil.Ain,-\ss.Fe.trol.
lt * ra-: o4?-oc).

Seavisr f . C. 1952t 0icsri-o;rrg.Qtilp cr:ai*s f ro,l Fendigo riast,
Vicroria. 4Bs!r.,f, Sei. _?gil"A: +6j_4g6.

tseL1, J.ili.; rVebb, E.J.H.i 0larice, ,j.de C,11gJ7: Tire Geology
of tne Parapars s'ubcivi..sion, ilarafiiee, ltel.$on. Eir,rr.gegr.
Surv. NrZ" j.

Benson, :,ry.I{. 1933: The Ge ology ,tf f;he }.egL On A bOui

Preserva tion ar:r,r char.ry iniets, so*th-ruest FiorJLand,
Nerv Zealantl'. Part 1. ]iistoricaL Introduction, surnrnanSr

of Generai Geology enc le tsire,J Ascoont of, iire
Un,f,ossi Liferous Sed irnents, Tgneous ,Roe r<s and Tectonics.
Trg-Ee-$. spc., _rT. z . 5j t jg|-+jz.

Benson, "[.N.; lg],g: A .nevised Clessif.ication anC Corretntlon
of the Ordovieian Greptollte Betls of victori,a.
$c i ..Techn gr. ?"0 ("FE): 1 60-1 61 .

j.i. 4.,J1 .



422

3en,qon, tlr'.l'i. ; rieble, I{. i,. 1gj-:: (iecI*rg;n ui' i;ne Itegions

SC jacent t'J :: l':': [irtfi,'a il;i: fl j',,i Cit+ 1-,,,7r l_n-r-e t,s, !'iord I anrl ,

:.'ie,7 Zeal-an.J. Sart Ii/. 3treti,1Jr.6ihy anJ ?tl_eontology

of bhe Jessiiii'eri,.:B crc oi'ici-nn F.cok.:. -rans.l. loc.
N.-Z : 5.1: 24i4-,29t1.

Renson t ii'|. N. j idetri;, Il. -Fr . 19J5t The or-r i,vlcian i.os:rs of
i'lei{ Zeel.anrJ . ,i'ag!:_:..nE . 7i: 2:41 -Zjl .

Ben'son, ';1'.lni,1 KebJ.e, R,A.; !-1ng, L.D.; l..clioe, J,T, 1gj5:

Tirg OrJovician Greptoiite:: oi ]Iorth-:,iest ILel,E,orJy li*rJv

Zeala,nr5. Sgccnd pe:)er; irtti li'otes on o-r,her Gr',i ovi.clen

li,o,ssil-s. Tr,in.q.F..flgc, JT. i. 55 z jj7-jBP.
F,a nve:r ",1 Tls!,r *.r , ,n. i.J{. *,tt* ;;;-" fnrnas of the ;,"aratron

P"eglon, lTest TexRs. ?u!}.]-l.'Jr. icif.!.GeaL.Uiriv=. le*(.:F . ,:-r-'!),

179p.

Berry, t,',", B,II . 1960U: Correlation of OrJ ovician Si:a1>toli te-
bearlng Segrien,cos. 3E ?. 2'l g! irrt r se g],-CpFtI._Z: 97-1 CE.

Berry , lI. B,Ii-, 1952a t Straiigrarihy t Zenati oi: nni ;lge o:' the

Schaghtlcoice, leepkill, Frri irior:nansl-.J-11 Sha1esr .i&stero

i'few York. !ull*gg,gl' Qoc.ArE. J|l. 595-71 8,

tserry, iT.B.N. 1962b2 Gr'aptoltte Occu.rr€nce and ricology.

{:3glg ont ., 56(?): 285 -293 ,

Berry, 1'f . B,1{. 1 956a: A Dl scussion of s,ofls t.Iictorinn

Gr,aptolltes. ?rgg*.8*Egg.ll!gL-tZLZl J 415-u77. , r

Berr;r, 'iil. B. N, 1 965b ; 01.i.,{nag,.ggr,Ep,t4$ _@jgtits T'. S. HaII i ts 
i

Leetotype and so,fie Losal populations. {.P1lecnt, LO(1 ) : i

16'2-176.
i

I



423

Berry, 1i,3.Ii. 1 .q57 i Coi,u,,;lt"',;:; ijn ccrreJ';.r Llon Df tirg jlorth

Arrrerican nnu Briti;;h :,o.t=r urr.J ovician. EgLL.g?gLi5og.

.{nrJ3 z 419-q27 .

Befry, #.8.1{. 195S: jl-e or logc Sha1e anj ,ie.stern rrel and

Gra.iliorite Faanas r;nJ ino"-r beatriiE oir.Jiriing 5erl-y

Crdovician tiefori,latior: anC riieir:ntriri:lsrr'n!i iiorrvay and

Britain. iiqr.,sk. tepi.Tlj.geici:. q8(4i: ?1f -249.

BigsbSr 1 i. J. 1853: Cn the C'eoicgy of iusbec end its
envlroRs. LtTl . 

'qg_Q.}. 
$gc .L,c', C.. Q.i 82 .

Bishop, X..G. 1955: Two fiev,'Faieozclic fossil localities in
i{orth-weet irlel,son, N,'ri .'i1. Ge ol, GeoLrly_s. _&: 1 232.

Bishop, D. G. 195S: Sheet S2 i(ahurungi (t st :ld ii j.on)

ri'GeologlcaL $ap of ll,erv Zeal-and't 1 :53 r j60. )ept. Sci.

Incnstr. Rss., r',ie1lin5tort, Ne'T ZealnnC .

tsishop, D, G, i,q pre,q.s; Sireet $-5 Colli.ngriood (l st idition)
ttGeologlcaL iriap of i{elv Zealnndtf 1263rJ5,0. Dept.$ci-.

Indtlg.tr.Res. r,,Ve11lngt on,Ite',1 ZealnnC .

BLake, D. E. 1962t A ne''s Lorve r 0roovician Graptolits Fauna

fnoin the TnonCheinr Reglon, I-Torsr.Gggl.Tirlssl(r. .{{3),

223-238. .

Boecot, A.J.; Caster, K.8.1 lves, D.; Talent, J,A. 19'o3z

Relationshlps of a new i,owen Devonlan, Tsrebratuloid

(graehlopoda) fron: nntarctica. Bull. A,in.Bnig.g$,;i11[:

81-151.

Brongnlart, A. 1828: Histolre des vegetaux fossilesr 1:

1 -488, Parls.



Bulman , O. i;.. 3 , 193j,: Re;toFi

arsfi, ie Doog1as, J. ; . ,
Va1iey in 3astern Feru.

Sulriian, O,l.i.E. 1936a= On ihe

l+24

Bulnan n O. '..8. tr931 :,,joJ.trr

t 31 1 -334.

-1 :.9rj- cn:: t1rnpf,,:Ii tes-.

Bulr^a n , O. .,i . B. 1 g jZ: On ihs; Gl,li..rtuii tes ]'repn.eerl ry l{gi;u.
?ts 2-5. Agi;.Zo01. Zu(g | 1-2'9 .

3n {}rnptilitss -'rc;:i the +ultari
The Ge CLot;' of ths i.ri= f cr'::Ja ta

' "T1.:g,g-c,,L-=.igg .,"c,Il:-_f,.g : jo8- j5j .

Sireciu.re of C)nCOq+''*rtus T. B.,rIaiI.
Egel,-liiqg . 71t 271 -273 .

0u,L,'aann O'}1. B. 1936''e: On ihe Grai:trittes F.ri:pared by iiol,n.
Part VII . $i!,. 4qg1. pB ( ftL= 1 -1 07.

Bulrr;en, 0. ii. B. 1 9ul : sor:re f ichorraptl_d s of the Frenac oe ian
ano rrower Grdovician. jir,,qal,j _;: ,iaE.nat.Iiist__J; ir;J-121 .

Bulman, C.ii-- B, 19t+4-47: The :l*rerdoc. (Barclrtei:ie) lreJ*.cl-ltes
f ro.rr limestones in Laggarr 3urr:n, AJirsirire. Lglr;,.peIe o.rlt,

.$oc .Lonri * 1 9,4i - 1-iq?. 1 glj6:4J-59. 1 2rZ: jg_7g" i_xl .
Bulrnan , o. iri, B. 1 950: 0n s oi'ne Ord ovic lan Grapt oii te

Agsernbragee of Belgiurn. Eulr. rnst.R,.Eg,g.Ngt.de Eu,i.qlcge .

zq(n): 1-9.

Burman , o. iri, B . 1g5D: Grapiolithina j_n j,ioore, R,,0. e ed. I
Treatlse on rnvertebrate Falesntorogyr pt.v. Ggol. ggg.

Arn.and UEj,,v.ilarrsFs Frssg: Vf -VlC1 .

Surman, o.irI.B. 1958: The,seqrlance of GraptoS_ite Faunas.

,Pa.Lego_ntg,lqg.v t( q I z 1 j9-17j.
Bulman, o',ivi. B. 1963a2 0n Glgplggrnillus centgtr+g. (nrongnlert)

and siome A11ied $peele6. EaLneon!ct osy 5(iiJ: 6G:-689.

gr1c. X ool .



b25

Bulman , O. ir[. B. 1g1jb; Ttre Svolut i on Bnd Cl-assif lce tion
of, the Graptol.oidea. Q=:fl.,qegl...Soe.T,qrd. 1.1,q: aO{-41 B.

Bulman , O. &1. B. 1 958: The i{ode of Develcprlent of f reoglgp4t"$

manu.bJ:latus (t. S.IIa11) . $eo1.i,iad. 1gc (J\ z 011-'3i6.

Bu1man, 0.1r1. B. ; Rickards, R. B. 1 9581 So:rne l{ew Diplograptid s

from the LlandoverSr of Brltain nnd $cnndinavia.

PalgoEtqlgr.v_11 (1\ : 1-10.

Cain, .4. J. 195/.+: Animsl .Species and theln llvoleti.on.

London 1 pOpp.

Ctar!:, T.H. 192t1: The Pateontiology of the Beeirmnntol'ln

Series at ievis, ?uebec. Rull.-Aq._E,qlegnt. j-g.tgl-I: 102p.

0ooper, It.A, 1965: Lower Paleozoic Rocks tsetween iJppen

Taknk,a nnd Rirrrnkn, ITorth-ffenh i'ialnonr I!._Tt -{,L:-rj,Iill .

Q,: oohg.gr-8ld.:. 49-6,1. '

cooBerr F,. A. 1 958: Lowen and ;,iiddle Paleozoic trosslL

rzocnli tieq of North-'rrrest i{elson. IrqpF,. R=Eqc . T. Z .

6(zL 75-89,

Downeyr J. F. 1928: ,Qua rtz Reef s of tho *'est Coast i,{lning

Di.stri.ct, New filalahd. Govt.Fri.nterr'rrilelLj.ngtorr.

Ekstrorn, G. 1937: upper DidElo.nrarplgs shalo tn scanla. S^Ij?g.

Geot.,Unde{'s_.:Sqr.. Q, Ns. [0J,, 1 -53n 1 1 pl.
E1Les, G.L. f 898; The Graptolite Faunas sf the Skiddarv

Slatqs. Q.Jligq:ol..Soe.Lond._L4 z I+53-539,

El1esr O,L. 1922; The Graptollte Faunas of the Bri,tish

i

I sles. Fn LAeg:l:: 15,8.



426

irl-les, r).L . 1925: The Charncteristic Assernblages of the

Graptolite Zones of the British Is1os. Geol.iigg. 5?:

337-3+7.

Illles, G.L. 1ot33: The Lower Ordovician Gra.otolite ii'aunas

wi th $pecial P.eference to the Siciddarv Slates. Geol.

Surv, Great Britain, Surnqa

111 .

ry o! P rosre q s qql _1,932_z 9+-

Elles, G.L.1 'Vood, E.iti.B. 19C1-1 83 ;tr:onograph of British

Graptolltes. Pts I-XI . ?a1eqnt. S.qc.Lq,E!..

Flnley, H.J.; i''iarvrickrJ. 1947: Ne'r flvlsions of the lJpper

i'l.2. J1.Sci.Cretaceous and Tertiary in New Zealand.

-e_chnol. 28ts z 228-235.

Geh, 1,.. {. 1961+: Sone Species of !etrerr:art*s frcrn the

liingi<ao $ha1e (Lovier Ordovician) of ihe jiang (Cne*iang).

iicia 2a1,.riirlica 1?(-il2 367-41 O.

GiIl, i!,D.; Roucot, A.J.; Johnscn, J.G. 1956: "nhe

Srachiopod genus i;iaori sironhia allnn (Lorver Devonian,

Stroirhornenacea ) redescriberJ . Proc.P'.. .Soc. i.Ii-ct. -ft2 355-

361 .

GrinCley, G. r,/ , 1961: Sheet 13, GolCen Bay (t st lditron)
' 

'f Geological ijiap of Nerv Zealnndrt 1 z25O, O00. Dei:t. '3c i .

f nOustr.Res. 1 riellington, New Zeal:rnd .

GrinCley, G.'r'/. !g press: :iheet 38, Talcaka. "Geological

i;ia1r of l,:ew Zealand'r 1253r36A. Dept. ijci.Ind*str.Re3.,

iellitlIton, lietY Zealand.

:iadCing, A. 191 5e: Der ;:ri ttlere licu=l-Lq.rlra.i irg-sciricfe:'

auf . Bornholr'n. Ig!{-q-{gLll. !g8Q.111' 'r.rri-a(t-t t .



427

I{adcing, A. 1915b: orn Glo$.soqrant,"lg, 0+-',.vglo,Fraot,as och

tvenne dem nnrstaencle graptolit-slalcten. Geol.h'oren.

$'tqekh.FoEE-aldLBd. 17i 303-36.

HnIl, J. t8t+7: Descri.ptisns of the 0rgan,tc Remains of t,he

Lower Dtvision of the New Yorlc Systsrn. Paleonlol,og.v of
N:ew York. 1. .

Hall" [. 1858: Note uBon the genus Grnotoltthus aRd

deocrlp-tion of some remnrknble neiff for;ns from the

S:hales of .the i{udson Rlver Gro*p. 0aq.EaliGeolr I: 139-

15O, 161-77

Hall , J . 1859: De ecripti ons a nC f iguree of t,he Organic

' Rema in s of the Lon er lie ld e rberg Gro4p and the Ori sknny

$a nd e tone . ptlgolt, q,Lqr"r.y qlEeg.-r€4ir._: : 51 g .

Fiall, J. 1855: lri{Turee anrl Deecri ptions of Cnnadinn Orgnnlc

Rernatns; )eeade TT, Graptort'tes of the ?uebec Gnoup.

Ca F g&._Ggot . S,glg-15j.-pp .

llal1r T.S. 1896 I Iotes on Didll:gosraot=uE.cArJrtrjeug Salter,
wlth Rernarlcs on it* Synonyrny. Eggg_t-E-. So.q..r/ict. E. g,r j I

69-7 jr .

I{aII, T. S. 1899a: Vtetortan Graptolites, Part II; The

Graptoli tes of the Lancefield Beds. Proc, R. Soe,Ytre t.
?t 16q-178.

HaII ' T.S. 1899b; The GraBtolite-beerlng Rocks of Victoria,
Australia . Ge ol,,.'!'fia,S._ Qes . h yq1 . 5: 4jg-j1 .



428

HaIl1 n's. 1902: The Graptcli'"es of liel'r sou*,h'i{aIes. Rec.

itl.S.li. geol .Surv_. 7(e): +9-59.
I{a1l, '1.S. 19O5: Victorian Grapiolites, Fart III; Irroin

J\Tear i'{t.:,Ie1lington. Proc.R. f-loc. Vict 1 8(1 ) : 20-4.
Hallr T. ti. 19lz: Reports on Graptolites. Rgc.f,eol. surv.

Vici. Ji 185-88. .

Ha1I, T. S . 1914t r/ictorian Grn-oiolites, part f V; S or-ne

Iielv or i.,ittl-e-knov/n s.lecies. Froc. R. soq.rA,g,t,

1 Or+-t B

I{a111 T's. 1915a2 Thg Golcen Ridge Graptclites. Trnns,p..

Soc. trf.2.A]-: 41 1-13.

i{a1l e n. S. 1915b'. On the Occurrence of Loiver orci cvic ian
Graptolites 1n 'illestern otago. "rtans_.R.soe. N.Z. _gf:
410-11.

Harrington, II. {. ; Leanza, A. F , 1957 : 0nrJtrvician Trilobites
of Argentina: Special Publicati.on 1 . Univ.l(enqn s Press.

ilarris, l{I.J, 1916: The paleontologlcal Se quence of the

Lotver Ordovician Rocics in ihe 0astlernalne Dlstrict.
Pt. 1 . lroe.R. Soc.Vi.ct. ZgLl): JO-74.

Harris, fv. J . 192q: victorian Graptotites (New series) .

Part 1. Broc.R.Scg.Yrg!=-_J4(2) : 9Z-106.

Ilarrisr'yir.J. 1g33. rsosirantgg cadac€_gs and its a1lies in
Victoria. Froc.l,..Soc.Vic!. 45(l-|: 79-114.

lIarrls, irv. J. 1935: The Graptolite. succession of Bendigo

East with suggested zoning. Proq.R. soc.Vict. 47-: j't+-j7.



429

l{arris, ,tr.J. ; ,}iebre, p..,r. . 19j2: viciorlan Graptolitt: rjones

with Correlations ntrd feseriptions cf .jpecj-es. Prqq.R.

Soc . l,rict .-_gg!-) : 25-48.

I{arrisr','/.J. ; iieble, R. A . 193q: Ora0tolites of Vlctoria;
i{eur Specles and A,idltlonal

lio. B z 165-1 8j .

Records. i;e;iLrratn.i,ius. !!e1b.

iiarris, ;'1.J.; Thornas, D.il . 193j: victorian Graptolites
(iveu Series) . Pari f TI. Froc.R._.3oc.Vict. 47(2) z ZBE-

313.

Harris, ,T.J. I'homas, D.i.
(ile',u Series). Part \r.

Harris, rV.J.; Thornas, D.ii.

n nrl Cor.r'01n t i on of the

19i8az l/iotorian
i,1in. Geo1..T. 1 GI

19Jtb: A Ileviscri

Graptolite P,eds

Graptolites

3 /O-84.

0lrign Lf icr-rtion

of Victoria.

i,1in.Geo1.J. t (l) : 5p_--72 .

IIarris, ,V. J. ; Thornas, D. ii . 19J9: Victonlan Graptol-ites

(liew Series) . Part VI . Some ],iultirarnous Forins. Liln.

Geol. J.-Vo,l._4il- z 55-50 .

Harrls, 'jil.J. I Thomas, D..::i.'. 194O: Victorian Graptolites
(tlerr Serles) . Part VII. lr{in.Geol.g, eG) z 128-]6.

Harrls, ','/. J. ; Tho]nns, D. J . 1942: Victorlan Grapiolites,
(tferv Series). Fart X. Clojoqraptus cgrvelatus sc.nov.r

Gcniorraptus_rnaceq T.S.HalI and some relaied for;ns.

,'iin. Geol. J. L( 6): 355-66.

ilarris, ri. J. ; Thornas, D. ll . 1955: \rietorian Graptoli tes

(tlev,..Series). Part XIfI. Graptolites fron the i/e]ling'r,on

Ri.ver. Pa ri 1 . j.,,iin,Geoi.J. q(5) z 3-15.



4J0

liector, J. 1879: cn ihe Geol0glcal Forrnations in tvew

Zealand cornpared vrith those in Austratia. JI .Frqc.tloy.
,S-oe . Id. S. iV. 1z: BO.

Ilede, J. il . 1951 : , Boring through i;i{jC1e Ordovician _ Upper
canibrian in the Fagel-sana district, scania (sweden).

LunCs Univ.Assi'.r. lVJ.. Avd.2. i+6nLz 5-gq.
Ilenderson, J.i Grange, L.r.; i,iacpherson, iJ.o. 1gz4: ;iiotueka

subdlvision. Id.Z. geol.surv. 1gil,i_Ann.ien: l+-5.

I{enderson, J. l Grange, L. f . ; liacpher$on, I. O. 1-9592 The

Geology of I'iiottreka Subdivlsion. RuIl..Eeol. Surv. lf, Z.

35-. (ComPiled bJ' G. C. Shaw) .

Ii111s ' i. S. ; -hornas , D, E. 1 9qq: Def ornnti on of Graptoli te s

and Snndstones ln elates fronr Victorla, Australia. Geo1.

j',a.q. 81 (5)z 21 5-2?2.

Hisinger, ,Y. 1Bl+O: Lethaea Syecica. seu Petrifieata Sveciae.
.SupU-Il l{olmiae.

Ilo1m, G. 1895: om Did.rrrnontantgs, Tetragra-otus cch

Ph.vllograpt'us. Geol.For.Forhandl.,lf: 319-62.
Hopkinson, J. 1 B7O : On the Strue ture anrl Aff inl tles of

the genus Dicrano,?rantus. (teol.l8e. Z? j53_59.

lloplcinson r J . 1872: On Sorne l{ew Species of Graptolites
f rorn the so uth of sc o trand . Ge oL . iii?,q . g z 5e1 -9 .

Hop;cinson , J. i Lapworth, C. 1875: Descriptions of the

Graptolites of the Arenig and Llandeiro Roctrs of
St. Davids. .-).J1 .fleo1 ._Soe.I;gnd. ]!_: 6jl-TZ.

IIsu, s. c. 1934: The Graptorltes of the Lo',v-er yanStze

Valley. i''.Qnogr.liat.Res.fngt.Geol. Ai+.



431

Hsur S. C. 19592 A \-ew Gra.otolite irauna frorn the Lower

Ordovician Sha1e of Tsaidarn, Chinghai Province. ;\qta

Pal.,3inica 7(l): 151-91 .

Jaanrrsson, V . 1960a: Graptoloids f rom the ontilran and

Viruan (Oraovician) t,imestones of Sstonia and Sil'eden.

Bg11 . Geol_. f ns t.l]niv . tlc p sala . Yo-L . Jt .

Jaanusson, v. 1950u: on the series of the crdovician

Sys tem. Ttt . Geol . Co! gg-. 21 .tt ?7: 7 3.

Jaenasson, V. 1954t T'r,'ro :.:ultiranno,rs Gra ?toloids f rorn the

Loler Didlnr,osractus Shale of 3can,:jlnavia. Geo1..t,'oren.

Stgckh .Forhanrjl. 86 z 41 j-j7.

.Iaclcson, D.f,. 1952: Graptolite Zon.-s 1n ine Stidda,v Gr.oup

in Cumberland, Engiand. .T.F'4eont. 15(Z\ z JOO-1J.

Jackson, D. E . 196+z' Observations on the Sequence and

Correlation of Lorver and i'iicldle Crdovlcian Graptolite

Faunas of North Ane rica . Bg _1 . geol . So.g..+\m. 76 2 523-34.

Jackson, D.E. I Lenz, A. C. 1962: Zonatlon of Crdovieian and

Silurian Graptolites of Northern Yukon, Canada. tsul1.

Am. Ass.Eetrol. Geof. 45 ( t ): 30-45.

Jackson, D.E. i Steen, G.; Sykes, D. 1965: Stratigraphy

and Graptolite Zonation of the Iiechtka and Sandpile

Groups ln Northeastern tsritlsh Columbla.

Pe trol . Ge o1,-1_l(d | 1 39-1 54.

8u11. Can.



t+32

.Tohnston 1 rii. F;. ir, ,irqFs: Geology of i:-re -,-ount Arthur

Di etri Gt, Jr;oith-r'reEt :l:eison . l.:. Z-. .T1 cecr. Ggep_hy€.,

Johnston, i:'.F-. I Lair$, ;..,G.; til"rral..ro, g.ii. 1g6jt Age gf

iVat:gapeka .Forrria ti on FIl-l .,ic',lnt ;irti:ur i,.a rble , iiiount Ovien,

. idorth-west Ir,elsotl . .',.21 -. !i:I.4eo1..Cgsr:hgs., 8(n) : E54-58.

Iteble, F;..4. 1 920: rJictcrlan Gr.aptol-i,tes. $orns $ubzonal

f orttis' of the l,o"'rer Ben'j if_:o and iJpper frariceiield zones.

Rec.,qeol. 3r-r.rv.I/ict. r+(?i : 1g5-2O? .

I(ebl.e, R.A.; Bensorr, ir'. l{. 1929: 0r,jovlclan Gra6.rio1ltes of

ltorihh-rffest iielson, !Ea,r'r.q. li.z. inst.' 69: 8+o-69.

I(ind1e r C.H. 1 ;ftlittington, if . B. 19582 .Jtratlgne_ohy of the

Co'rE l-iead Region, ,i estern Newf ound Iand, 3u11..gesl, d,gg.

. 
"Arn.. 5g : 315-42 ,

KrSi'nlne, P. D. 1 941 : Faleogeographic anj tector:io signif ic6nce

of aricoses. Bull.geoL. Soe. Am. 5? : 1915-15.

Lapworth, C. 1876: Catalogue of l,lestsrn Scottleh l'sssIIs.

IC4 f or 1g76.

Lapurorth, C. 1879; on the Geological Distribution of the

Rhabd oplrora. Anlr. :utng-*jqa t.i{iet. EeI: . 6 . Vglg 1. {+,. tr . and 5.

Lapworth, C. 1BS0: Cn l{'ew Br,itish Grnptolltes" Ann.i,ie.A.

nFt.Fist. Se.r.5. VOl.Et 149-77.

Larson, i/i.I.; Jackson, D.-ii. 1966: Biostratigrnphy of the

Glenogle t'oima ti on ( OrO uvl c 1an) near Glenogle , Bri tlsh
Oolunrbia . BFL1. Can.Petrolr$,e ol, _1 i+ (i+) : 485-503.

Leer C.K. i Ctren, X. 1962: Gambrlan and Ordovislan GraBtolites

fronr Sandu, S. Gueizhou (Kueichou) . Xctn,paI. Slnlgg.

to(,t 1 z 27-35.



. 433

Lemon , F.. R,11. ; cransrvick, J. s . 1956: Grap toii te s f nom

Huacar, Peru. Fucl-. il'ls.liist. Iriat._1{qvigr prp.jor. ser.
C,Geo1. (5)t 1-31.

i'{ccoy, F. 1874: Prodrornos of the paleontolog}' of .r/ictoria.
Geol.Sulv.Viet..Dee. 1 z 5-2O.

iilc0oyr F. 1875: Frodrornos of the Paleontology of Victoria.
Ge o1 . Surv . Vi c t . De cade 2: 29-35 .

iiicCoJrr F. 18762 On a Nevr Victorian Graptolite. /inn. i.,F-r.I.

nat.Hist. 18: 12E-jO.

irioberg, J.c. 1892: Cnr nagra nya graptotlter fran Skanes

Undre graptolitskiffer. G_gol.Foren, StocF,h.t'orhandl.

14(4)1.339-50.

r,:onsen, A. 1925: LJber eine iTeue Ordoviclsehe Graptclithen-
I'nrnR. Jro.rFii.irt:oi.Tid i.risi(rr-_Q: 147-87 .

itonsen, A. 19j7: .Die Graptclithenfauna 1rn Unteren

r)idyrnograptusschiefer (piryrrograptusschiefer) Ironvegens .

IIo rsk. ,Te o1 . T i d s sEr. '!-6 : 57 -257 .

i',{orris, R.'l/. ; Kay, ivl . 1966: Crdovician Graptolites f roi'n

the l.llddl"e Table l{eed Forrnatlon at Black Cove, Near Port

au Port, Nervfoundland. J.qaleont. 4O(5\ : 1ZZ3-ZT.

ir{ur A.T. 1957: Some New or little-lcnown Graptolites frorn

the Ningkuo shale (Lowe r orrl ovi clan) of chnngshan,

iVestern Chekiang. Acta Pal..!inica q(j): 369-4jT.

i:'Iu, A.T. 1963: Research in graptolite faunas of Chilianshan.

Sglentia liinica 12 z 347-71 .



hjir

ll.un g. T. ! Lee r C'K' 1 958: Scandent GraBtolltes frorn the

Ninglruo Shale of iilnngshan-Changshan Area, rtles tern
Chekiang. Asta,Psl.,. ,5inica 6(i+1 t lgt-428.

Mu, A.T.; Lee, c.K.; Gehr i{.Y. ! ytn, T.x. 19Gz: Graptorj.tes

f rom Chllianshan. Ceo].ogf . o{-Obll[?_Eha,n 4(p.a+go,n-Lo.Ioe,v)

(e).

Nteholson, II.A. 1B7J: 0n Sorne Fosslls frorn the ..tuebec

Group of Polnt Levls, errebec. Anqrl,^ag.nat-.Hi,q,!.r gpf.,a,

!L:1j6-7,
NlehoLson I I{. A . 1875: On a New Genus and $ome New Species

of Gnaptolttes fn,r.'n the Slctddanr,Slates. Ann.i\tag.ngh.
'i{ist. Ser.A, 16; 269-75.

Obut, 4"ftI,; Sobo1evskaya, R.F. 1g6L+: Gnaptolites of the

ordovlcian of Taimyr (n. siberia) . i,rioscow (aXad. T{auK.

s.s.s,R,)
OngleJr, ilI- I iitacphersorl, E. o. 1 g,23: The Geologlr and iulineral-

ilesourcee of tho. Coltingwood $ubdivlsion. Bull, I\,2.

f'eo1.Sury. 25.

Pacictram, G,H. 1952: $ome diploerapttds from the British
Lswer $11ur18or Pal"eqn tqlosy 2 i 498- 5Z'o .

Pettljohns F.rr. 1957: $edirn'entany Roehs (anA Edition).
.Harper and Brothers, New York,

Pettijohn, I'.J.1Pitter, F,tr:. 195h: Atlas and Glosesry-

of PrJ.mary Sedlmentary Structures. SB.ringer-tr'er1eg,

Berlin.



Dtrtrr'rr''rrril o, J. 1 91 r+ : -he f;uccgssi on of !.a rinas a t Levi-s,4Ly tJ rr.lrrr/ u t

P. ;J. .Anl.i. Sci. ler.!._ _JE: 5?_j-JO.

Ripper, E.:\. 1937: -{ j{ote orr t,iie Cccurr.eltce of Di ri:rnno;r:'apjus

of Victcr'ia.tr'.rtot-riffdr.rs_ ,llles in tne Lol','.-r Crdovician

rcrc.i']. ;l!c.\ric'!;. il9(nei',' s.:r.iesl (pt : 153-64.

Rlva, J. 1966: Upper i,evis Graptolites fr.oiil Coi',,ans:vi11e,

$out,hern,i,uebec. J.F'aLeor:1i. ilO(1 )z Z2O-1 .

Ross, F...T.; ?,err}', ;'l ,B.ir; . 195J2 crJovicl.an Grapiolltes of
ine Ensin R.anges. j.n California, ilevaJa, Uiah, and Iieihc.

i,ull. . LT, :j. geol-. 3,.1r.\,. 1 1 ttl.
F,uedene.nn, ?. 19A4: C'raptolites clf iiie,,,l YOrk, ?art 1;

G:'apiolites of the lower beds. .'en:. N.Y. Str-,t,e:,.rs1 .7.
l?uerleirrnrror 8,. 19OEz Orapt,oiites of

{,iI'i'r^c. l;c;1ites O1' t,l:e fiigh,;r' l-.,eds.

?uede:lann, .?-. 1947: Graptolites of
ge o1. Soc . Anl. 1 9.

Iieiv Yor.k, Pai.t if ;

Salter, J.l,V. r in Eigsby, J, J. 1853: 0n the Geology of
'iuebec and lts environs. 'Q."T1.geol-. Soc.LorrC. 9.

Salter, J.'J. 1B$l I'Tote on Skicldavr Slete Fossils. .a,r,Jl-

fleol.Soc.Lond. L9z 135-40.

Shlrley, J. 1958: The Fa una of the Baton R,iver Eeds

( pev oni an ) . l . JlJp o1 .-Soe.Lonrl . th z ,+59-506 .

$kevittgton, D. 1963a z A irrote on the Age of the Bogo Shale.

Norsk_ge o1 , Ti ci s sxr.-_tf] 7 257-60.

sk,evirrgton, D. 1953b: A corr.elation of crrcrovicitrn

Graptollte-bearing Sequences, Geol-

],'2f,ra ii. Y. _-t,;,tr-;,,1,rt,;. 1 1 .

liorth Anie r.l c e . .,...e jr,.

82: 298-319.



L+36

skevirrgton, D. 1963c: Grapiolites fro:r, the cntikan

Limestones (Cr0ovician) of Oland, i'rreclen. 1 .Dendr.cidea,

Tuiroidea, Carnaroidea, anC Stolonoldea. W.
Univ.Utpsala . q2.. 1 -62.

sirevr.rrgton, D. 19552 Graptolites fro;n the ontikarr

Limestorres (Oraovician) of 'Oland, S',''reden-. f I. Graptol-oidea

anrJ Graptoverlnida. F,ull. g-9o1. fnst.U'clsala Unl-v. 4i :

1 _71. 
,

skevinlJton, D. 1968: The riffinities of oncoera"ptr-:.s.

CarCiograptus, anC a11ied graptciites frorn ti:e Lo',rer

Ordovician. i,ethara t (4) z 311-24.

Skrvar'^{o, S.I(. 1953: The Loi';sr CrCovicien of Cape ProviCence:

A lier,r Crapiolite Zorte ancl a i'jevi Species of ;fc!r_izograr:t+s.

]i. 2i. J1 Ceol-. Geoi:n.,rs. 1 ( ?I: 256-62.

Skvrar!:o, S.K. 1961 z Ordovician Graptolites of I.orih-,lest

ii;elson: Recent Discoveries in lhe Aorangi .riine Area,

:; , Z. JlJieo1. Qeocirrs. _-.!i (1): 9B-1 08.

Skwarico, S.I{. lgiZ: Oraptolites of Cobb River iioreni

Arthur Area, Iriortt:-r7est $elson, Iie,,v ZeaIand. Trans.F..

Soc. li.Z. t (tq)z ?15_\7.

Srnil;h, G.J. 19652 lie"v Greptolite

iiline Area, lforth-'ilrest Nelsou.

Locnllties ln the Aorangi

nrans.R.Soc. It.Z. +(8) :

171 -5

Sokolov, B. S. ; Alikhova, T.N. ; Ke1ler, B.iti. ; Ifiklforova, C.I.1

0but, A.irl. 1960: Stratlgraphy, Corueletion and

Paleogeography of t,he C.rdovician Deposits 01- i,i:e ;. .-j. S.;f .

Fub1s. _21 st _ Tnt. Geol. Cg!r,-r..!-Qrenbggg.



437

Spieidnaes' I:. 19532 The i.-iddie Orcovician of tho Oslo
Eooi nnrrvllrur,r, liOI',V8;r. 3. GraptClites la+,ing the beds 'OelOir

the ;'liddle Ordovicisn. lior.sr--;-cof .Tidsslrr. T1 I 171-84.

Sp jeidnaes, Iq. 1953: Son:e jpper Trer.,adocian Graptolites
froln l\orr,'ay. Faleotito].cii.\r. 6z 12i-j1 .

Stubb'Iefield, C, J . 1gZ9: liotes on sojl;s eerly 3ritish
Grsptoli-tes. Geof ..,iag. 662 Z6E-85.

syivester-Eradley, P. c. 1951 -. The subspecles in
FaleontoloS;;'. Cecl.iiaii, 89: 86-102.

Thonras, D.il. 1960: The Zortal- Distr.ibation of Australian

Graptolites. "T.Proc.R. Soe. II. $.'.,'/. 94: 1 -58.
Ti:ornas, D,,:1. I Keirle , R.A. 1933: The OrCovlcian ancl

Si lurl an Roc!:s of the Eu1le -Sunbury Area and

Dlscussion of the Seq.uence in the j,lelbourne Area.

Froc.R. Soc.Vlct. (nerv series)_l+5: jj-84.

Tornquist, S.L. 19O1: Researehes into the Graptolltes of

the Lower Zones of ti:e Scanian \restrogothlan Phl'Ilo-
Tetleqrgrrtug Beds. I, i,unCs Uniy..qissl:r. <7(?): 1-26"

Tornquisi, $.L. 1904: Fesearches into 'uhe Graptolites of

the Lov''er Zones of the Scanian \restrogpthian Fi:yllo-
Tetra,srnptus Beds. II. Lunds Univ.Srsskf , h0 z 1-29.

Turner, J.C.M. 1960: l'a'rnas graptoliticas de America del

3ur. Rev.Ass.,qeo1.Arg. 1!(t -et : 5-1 BO.

Turner, F. J. ; ,,1'el ss, L. il . 1963: $^"ractural Fnalysls of

ivietantorphic Tectoni tes. itiicGraw-lIill , lrTew York.



4lB

Trvenhofelr 'lY.H. 1937: .nern:inolcgy of t,he fine-grn ined

Sedi'nsntaticnmechanical sedirnents. lept. Coniitr., on

fog !%€-7,Ilat.?.€s.Cou.neil-: 81 -1 Cq.

Vel1a, P. 1953: Blostratigr'aphric Linits. N. Z. JI GeoI.

Ge oPhlrs . 7 3) z €'l ,-25 .

l'r[el1man, Ii.iV. 1956'. The Str'uctural Outlir:e of ]{eiv Zealand.

Bul1. N.Z. Dep. icient. ind.F.es. 121..

i,Ye11man, H.i'I . 19592 Divisions of the i\ev Zealand Cretaceors.

Trans.?.S_oc, i{.7., 8J(1 -2) z 99-1 63.

',?e11man, iJ. ,{ . 1952a: Ne'ir Graptoli te Localities in Ne',v

Zeaiand. ]1.2. JI Geol.Geotrii.irs. qz 6ta2-45.

;r'e1l,r,ar:, H,i'j. 1962bt A Grsphical i,.ethod i'or .r+i.ifilysir.g

Fossil Distort,ion Calrsed by Tectonic Deforiletlon.

ce o1 . .,lnr. 99 ( 4 ) : iq8- 52 .

iVhittlngi.on, H. B. 1965: Phylcgeny and f,istribution of

OrCovician Trilobites. J.Faleont. aqG) : 696-737.

Whittington, H. B. ; Kindle, C,I! . 1963: lfiddl-e Ordcvieian

Table Head Forrnation, rlfestern l{evlf ounc]Iand. 8u11. qeol.

Soc.Am. 74 z 745-58.

lrf iIlis, I.A.G. 1955: Stratigraphy and Structure of the

, Devonian Stra ta at Baton Rlver, Nevr Zealand. I{. Z. Jl

Wright, A. J . 1967 z Devonian of New Zealand. PuQls.Ilrt.

S.vlqp.Dev, Eyst. . Ca1ear.y. _Alberta Soc.Fetrol . tecl-2.
'{fright, A.J. 1958: Ordovician Conodonts froin jfevr Zealani.

I'Iature. Lond.. 21 B(q142\ z 664-5.



Plate 1 .

F5.g.1 . AdetgflfCojgs: , e1Ar.1r! (T. s.Hall) . CornBlete

adelograptid fragments superposed, x 3. GRTJr

S2/527 , Aonangt l{tne . Agelagrap.Sgn zone.

rha bd o s orne ,

1,ocallt;r

Fig.2. Dictvgge,rnq pu.l,qhe.llqq T. S.f,lal]-. Dletal part of

large rhairdosome, x 1 .5. - GR1 01 , locaLity 32/534,

Aorangl i{ine . Ad elograrr tus sone .

Figs 3 14.

c ornp Ie te

B ort i. on

s2/64t ,

Adelograptuls? a,ntlguu.E (r. S.HaIl) . Fig.5,

rhabdoso:me, x 5, Zfg6.2, FIg.4, proxirnal

of hroicen rhabdosome , x 1O, Zf 96.1 . Localtt5r

Aorangt ilTine. 4delograptqs sone.

Fig.!. ClpposraptuE aff.qesulqqiF (tsrnquist) n x 1.2q,

Zf,g5.J, Iocality 32/641, Aorangi illine. AdeloEraptus zone.

Flg. 6, Fryograr? !gs? sp. Pr"sxlrnal f ragrnent r rr 5 . VGI 55 t

l'scal-l ty g2/526 , Aorangt iviine, Adelosi"aptug sone.

Fig. 7. Anl Eoq,Egptus? sF. Gomple te rhabrl osome ; s, sie ula.

x 3. GR74n locality f,2/527 , A,orangi $iline, 4d oloer.ap tug

zone.



PI-ATE 1

\
\



PIa te 2.

Figs 1 r2. Logenogral1!gs_1o,:ani (J.,tar1) . Fig.1, rhanJosorrr€

with superposed fragrneuts of f so.r'rn,:t.is an'f !e-tr,alzrleptus r

x 2. GR44, locality 32/582. I.c.ng;<i:nodiver;rei1s zone.

Fig. 2r incornplete leached rhabCosDrne rvith superposed

stlecimen of Glyotofira,rtr.i,s _aus!rodentaL+s? an,J dichograptld

stipes , N 2. GR47, locality S2/5E2. P. gtheEj.orei zone.

Aorangi lline.

Fig.J. Ptero_erantus? sp. x 2. GR65, locality SZ/6jj,
Aorangi lriine. D.decora!'*s zone.

F19.4. PseuJobryo.rrrgotus rarallelus j';iu. x 5. GR5Orloca1ity

32/582 , A orangi Mlne . P. e theXi dqe i zone .

Fig.5. Adelosrartus aff.pusillus (nuedeinann), x 5. VGI 06,

locality S2/579, Aorangl iviine. f . c.Iunata zone.

Fig.5. Loganogractus logani cf . pelienuis Ituedernann. Incornplete

rhabdosorne showlng 4th-order stipes, x 2.1 . GRll, locBlity
32/552, Aorangi Mine. I . c.maximodivers^ens zone.

' !'Lg.7. Siginagraptus lAxus (t.S.HaI1). x j. VGIOJ, Iocality
32/564, Aorangi iviine . D.protobif idus zone.

F1g. B. Pq:udobr,Erirantus i-ngertus (I{arris and Thornas) .

Ineomplete rhabdosorne, x 2. GR77, Iocality S2/582, Aorangi

r'riine. P.etherideei zone.



PT-ATE ?



P1ate 3.

Flg.1, Gqniosraptus speciesus T.8.Ha1]'. Ineomplete

rhabdlosorne, x.!.5" GRli+, locality Sa/540, Aorapgi l,ii,ne.

Oneoqfaptqe *one.

Ftg.2, Tetr.aqraotua oua'drlb {ach1a tue (J.EalI}. Foortry

presor.ved :rlrabdooome, x 1. sR76, locallty S7/j16, El_liot

Ore.eln. T.fluttcosus zone.

FlS.3. Goniosrsptus mgQgr. T. S,$aLl-. Compl.ote r,habdosome 1

x 2. GRJ6, looalLl"y A2/552, .Aorangl Mlne. I.c.qaxlno-
diver,tene aobe.

Flg.4. (Mccoy) I Inoomplete rhabclosom€,

x 2. GR4.5, loqalLt..y g2/r52r. Ao)rangi Mino. tr.c.maxj.mo-

glguggllg stFer

Ftg.5. Dlchosraptue sctonartrue (f,.naf:.). oompLcte 6even-

stlpeil rhabilo$olra, x 2. VO91 , LocalLty S2/JJ2, Aorsngl

' Mlns. I . e. aarLmocllve r.qens zon6.

5'1g,6. Dl,clrog r',ap tufi niaoc,oyl Haff1s andl Thomae. Inco-mplate

rhabdosome, r 5. GR€O' l.ocaLity S2/600, AorangL MlnE.

I.".S-U!glg sen€.
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Pla te l+.

tr'igs 1 ,8. Tetragraplns. apBroxim?tus- Nleholson. Fig.1 t

cornplate rhabdosoms, x 1 .5. VG5,, loeality 32/5,41 .

tr'lg.8, lncompLete nhabdosotne, with bent stipes, x 2.

VG1 34, lseal.ity g2/5gO. Aorangi h{ine. T.a.ppro:<imatgq

z one.

Figs 2r517. Tgtra[Iaptus f,rq,tj-cosus (.l.Ha1l). Fig.2,

F,,roxinraL portion of }-gt5.ped fsrm, x 5. VG21 e l,ocall.ty'

S2/605, Aonangi Mine. P.qrgtobiFidqE zorle r

Fig.5, i.Fcornpleto 4-stiped fornr, Jtr 2. VG2J, Localj-ty

S2/628, Aorangi Mlne. !,, f ruligggq_E zone. Flg.7 r 3-stlped
' formn wlth Phylloglegtus ++ng, x 2. VG22, locality 82,/626,

Aorangt ivline. T. f EEt,igo,sQF zone.

I

F tg . J . Te traEraptus cf . pg4@ng EI -es . CompS,e te rhabd os ofito t

' x 5 . VGI t O, Ioea1l ty g2/628, Aorangl hllne . T. f fut,igqqu,s-

EOne.

F1g.4. Ph,rrll.-qqraptue ,anna {.Hu11. x5. GR,81 r locallty
32/586, Aorangt Mlne . D" pro.toQift4u,g zone.

Fig.5. Tg,tfeerAptes. qqn.de+s Elles. x 5. VGIO r locallty
32/628, Aorangt Mlne. T.frutigogug zone.
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P1ate 5.

Figs 1r2r5. ioiens ?.s.i{arr- (;-.tiped form)
Ilig.1, rhabdosome in ivhich ihe two ssconcl-orCer stiDes
lie superposed 2 x 7.5. VGI O, locaiity SZ/577,

Fig.2, incornplete rhabdosoriie, 7,5. vG9, rocality sz/5go.
Fig.5r incompleie rhabdosone, x 5. vGr+, iocaLity s2/5go.
Aorangi l.dine. T. eppro_x.i;nairrs zone. The thr.ee specirr.ens,

figs 1 ,2, anci 5, ars f igured by Bulman ar:rl cooper (in
pressrpl.l)flgs 2r4, and 1, respectively.

Fig.J. Tetr.agraDtus acclinang KebIe.

x 1 . VG5, locali ty SZ/577 , Aorar:gi

zone.

Incomplete rhabC osorne,

ir^ine . T. aDurgxima t,us

Fig.4. TetratTraptus dqcitlie.ns

VG2, locaIi ty 32/61 3, Aorangi

.tr-igured by Bulman and Cooper

(4-"tiped fo:.ni) , x 5.
. allr_r ro,ti rria.tus zone .

T.S.I{a11

&line. T

(in press, pJ-.1 rfig.J).

Fig . 5. lglgasran tus ha rt 1 T. S . IIaII .

x 5. GR7g, locality g2/586, Aorangi

zone.

Irnrna tiire rha bd o s onte ,

iviine. D.protobifidus

Fig.7. Tetraqra'otus arnil Lapworth. Incoixplete rhabdosome,

x 2. GR5J 1 locali ty s2/552, Aorar.igi ir:1ne . r . c . rnpxirno-

divergeng zone.
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Plaie 6.

Fig.1. TetraEraptus reeli-natus iiLles ':rnd l''/ooo, X 3, GR79r

locality 32/600, Aorarrgi liiine. f .c.-iunfi!g zone.

Figs 2 ,5. Tetrarirantus ciqsb,yi J.Ilal-l. Fig.2 x 5 , VGB.

li'1g.5r x 5, VGgz. Roth frorn l0caLity s2/58A, T.fr'uilcosus

zorlg.

Figs J rbr8. Tetraglraptus aff .ieraxgcun Rueder,rann. Fi.g.5r

rhabd osonte in which the stipes have been bent during

flatteningr x 5, GR58. IriE-4, x 5, GR40. Irig.St x 5,

GRJ9. A1l from local1ty 32/552, Aorangi iv.ine. I.c.rnax,Lnlg-

diverqen.s zone.

Fig.6. Tetratrraotus sp. Specj-nierr with stipes resembling

those of T. serra I of T. bifisb,yi, but lt'ith a distinci
ttfunielett. x 3. GR45, locality 52/552, Aorerngi iviine.

I . c.nraxiriiodivergens zone.

Figs 7 ,11. Tetragr.aptus cf . -qerra (Bror,gnlart). F'1g.7r early

grolrth sta ge t x \, GRI+1 . Fig .11 , ma trre rhabdosome r with

juvenile Specimens of I.c.nnaxulodlverflensr X 2, GIt52'

Both f rorn locality S2/552, Aorangi i,{ine. f . c.iJinximo-

divet'gens zone.

Fig.9. Tetqasraptus serrg (nrongniart), x 2. GRB6' locality

SZ/586, Aorangi rriine. D.protobificius zone.

Flg.1O. Tetragre.ptus aff.W (erongniart), x 1.5. GR97t

locallty S2/58O, Aorangl ltilne. ?T. f ruticgglrs ?'ane '
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PLate 7.

Flg.'l . Te tra grar:,.tuq ofT chaBggrli [eb1e and lia rri e. Froximal

part of rhabdosofn€ r x 5, tttlth slight teetonic distortton,
$ro, {.op lo botho*r 4 pqe.

t'rru rel,ative ehortening direction dJileit;;fi-*i: .l veg3.

, Fig.2. IEtrasr:antus ,ogadrlglagb!-gggg (.l.Italt) . SBeclmen
I

; shovling the rteentral dlscfr, and eorresponding to T.projeetu_E

T. S ,Ilall; x 2. GRJI$. .

: F'18.5. Telraqrap.tlrs headl (.t.HaIl). Incornplete rhabdosorri€ r

x 1 .5. GRJ5.

All f rom localJ- ty S2/552, Aorangi &ilne. I . o . niaximod iv€ rtrens

zone.
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Plei,e B.

Fig.1 . Phlrlloqr"rptus t:rn-us

S2/579, Aorangi ir.ine. f .c
i. i.rG9E, iocaiity
ZOY;A.

iia11 , r
l.unn t,a

Fig. 2.

vGgg,

Phyltor{rsntus an u s i i f'ol i_u.1 e ni, u s t i f.'o1l us J.iial1, x U

zone.locali ty S2/D7g , Aorar.rgi lv-ine . I , c. Iuna te

Fig'Ja-b. Ph,vllorrenius qrjgustifcrl-.ius glon.qa ^,.us ilulnan.
Fig.38, proxlnial portion of br.oken rhacdosome. Fig.3b,
distal portion of counterpart of sanrs r.hebclosorrre iying
80 jacent to its originai positlon lvi ih resr--ect to the
proxirnal portion. x j. GRG2, locality SZ/6jj, Aorangi
liine. D.decorgrtus zone.

Fig.t!. Dioynnograptus "orotolificlus cifidus transient.
rncornplete rhabdosorne, x j. vG25, locarity gz/6oG,

Aorangi r\ine. D.'orotobifidq-E zane.

Figs 5 r6. Dioymoeraotus 'Qrotobif idr:s El-res. Fig.5, maiure
rhabdosome, x 5. GR1 , locality sz/5g6. Fig.6, imnature
rhabd osome I x 5 . VG2B , locaIi ty SZ/561r. Roth f 

"on, 
Aorangl

ir,iine , D. nrotobif idus zone.

Fig - 7. Ph,r,rllograptus_ anna i.I{al-r e x 6. vG1 04, locali ty
s2/564, Aorangi i\iine. !4-rotobifidus zone .
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Pla ie 9.

Fig.1 . Did,vmggranLus cf . e.ne, j o"engi,s IIonsen. Fhabd osorns urith

one eornplote stipe s x 5. VGI 08, loeality $2/528, Aorangl

Idine. T. f,qtrticosus zona.

Ftgs 2 r5. DiclymorlrFptus, exten,sBE (J. Ha1I) . Fig.2,

rhabdosome with on,e cernplete stipe, x 5. Fig.5, s,arne ', x 2.

zon€.VG1 05 , Lscall ty S2/565, A orangl &,ine. f . e . luna_ta

Figs 3 ,6. D;1.drr0gs'raptqs simlll.s (J. Hall ) . Flg. 3 , c ornplete

rhabdosome, x 5. GRBf, lopality S7/516, ELliot Creeh.

T.frqticogug zone. Flg.6y complete rhabdosofle, x 5. GR82t

Localt ty 32/586, Aorangl Mine . D.Rrotobifidus zone. '

Fig.4. Dis,ymograptqs cf.eoca,duceus HarrLs, x 10. VG97r

1oaa1-i ty 82/552, .Aorangi Mlne. f.:.g,: malrirnodivgrEene zon€ o
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Fig;.1 . Didl,'l^r:o,rrantus sp.

32/552, A orangi ;'.in,e .

Plate 1 0.

(e>:tsnslio:'::.'1 ,:( 2. G3.q2, ioceliiY

i . e..Iirfriri:i.c.i j.v 3l;'ens zctJtc .

Fig.2. Sinogrepiid sp.inciet. Stipe fi'r;1;ffierii, x 10. GR6'8t

l-ocality 32/568, Aorangi ii'.ine. F. e t,het-iC,qei zone.

3ig.J. PhlrllOIraci,us ftnobil-istt Hat'l-is and iiebie. TvtO

rnabdosones, x 3. GF-1 E, f ocali ty 32/5145 , AoraIlgi i'line.

Oncpgreptus zone.

Figs 4r5. Didyrnocrecius 'n'-defle>rujr i;arris. Fig.4, broken

rhabdosorne, x 2) GRI9. FLg.5r t{ 3.7 r GR20.

3oth f rom 1oca1i i;y S2/51+5, Aorangi ,tiine. One orri:lius zone .
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Pini,e 11.

Figs 1 r2. Isograptus cacjuceus rna>lir;ioiiverr"gns Harris. illg.lr
mature rhabdosome fron f . c.rnaxi;:^cdiver.rens zona , x 3. VG48r

Iocality S2/552. Fig.2, proxirral port,ion of nrature

rhabdosome from 0ncograotus zone, shoning 'f axilar filmrt or

tveb of perlderm, overlylp* a speciri:eil of Did:rrnorz{aptus

v-def Iexus., x 2. '/G70, locaii ty S2/5qO. r3oth f rom Aorangl

Ivilne.

Irlgs 3 rB r11 . Isosrairtus cacluceus? priniula. FIarris. Fig.J,
sma11 rhabdosome , x 5, GR5. Fig. Bn interfiediate rhabrdosorret

x 5, GR4. Fig.11, large rhabdosorne, x 5, GRj. All frorrr

locality 32/586, Aorangi iiiine. D.crotobifidus zone.

' Fig.4. Dldymograotus cf . eocaduceus }iarris, x 5. YG97 t

(sp*clmen of FJ.9, fig.4).

Figs 5 17 ,12. I sograptus caduceus l=unata Harris. irl 9.5 ,

grcwth stage of the co,rnrnon form, x 5. VG35, 1ocal1ty 32/593,

Aorangi ivilne. Fig.7, rnature rhabdosome urith relatively long

si cula and ini tial the cae , x 5 . VG1 07, locali ty 32/593 ,

A orarrgi i'frine. Fi t.12 r ffia ture rh abdos oirie , x 5 . VGJT ,

locality 32/562, Aorangl i''tine. All from I.c.lunata zone.

Flgs 6 r9 r1O. Isoflrantus -L!U-!g-!g ilarris. Fig.5, ininnature

rhabCosonie , x 5. VGJO, locality 32/552, I. c.mar:ir.odiver,regg

zone. Flg.9r mature rhabdosofile, x 5. VG88, locality 32/552,

I. e.rnaximodivergens zone. I'ig.1O r ffieture rhabdosome frorn

Cncograptus zone t x5. VGI 33, locality 32/540.A11 Aorangi lJine.
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Plate 12.

l'igs ^,12. Cardiolir'e,ntus? si). Fig.1, j'ulI r'habdosorne x 3.

-e-ig. 2 , proximal port i on of saile rl'le. co o$o;lte , sh owing

r€ curved proximal ihecae , x 6. Gitl 7, local-i ty 32/5+5 ,

A orangi iuine . 0n c o,c'rap t us zone .

Figs 3r6. C.ardio.qraptus--4-orsu-4. liai-ris. Fig.Jr dis't aI

portion of incotTlpleie mature rhabiosome, x 3. GR29.

Fig.6, proxinnal portion of lnco:flplete, im,;rature rhabdosonret

lying in the same bedding plane ss Gr1,29. x 3.5r G.rl'JO.

Figs 4t511O. Oncop;ra:ctus uusiLcn oiangulatus i{arris and Keble.

irig.4r irr'rinature stage in which the apex of the sicula ls

siill exposed, x 3, VG9O. Fig.5, irnirratu.re forni at a

slightly later stage in which the sicula 1s no J-onger

exposed, x 3, Gi?7. Fig.1O, mature shatrdosoffie, x 3, GR.5.

All f rom locality S2/94A, Aorangi iliine. On!pgrantus zone.

Figs 7rB112. IsotrraDtus dumosus i{arris. Irig.Tr mature

rhabdosorce from the I. c. rnaxlnioclivern:err,s zone r x 5. GR27 t

Iocality 32/552. Fig.8, immature rhabdosoiite front the I.c.

maxirnodive rseng zone , x 5 . VG69, locali iy S2/552. Fig.9 r

mature rhabdosome fron: ihe Cncogractue zane, x 5, GR2BI

locali ty S2/54O. AlI f rom Aorape,i i'rirrs .

Figs 9 r11. Isograptus; hastatus ilarris. tr'ig.9r rnature

rhabdosome with damaged proximal ventral n:argin, x 5, VG94.

Fig.11 , imilrature rhabdosorne, x 10, VG95. Both fro,l locality

32/552, AOrangi l,{ine. I. c_.maxitt:qdlverP:€ns z1ne.
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I'iC.1OA. Pteroqr.antLts? sp. nov. Incoiipie te i:rtebdoscrrllo

ah^r'i.c three second-crder (tarer'F,i) s-,ipes afLs]-i-lg fromDrl\JY7 Illtt

One fj.rSt-Ordef siipe, ine Otl:rer flr'gi-Orr;er s'r,ipe

renjaining unbrancheo. x 5. \IGli2, ioca,lity 32/6i3,

Aorongi i'iine. D.dec-or'aiue zone.

Fig.1OC. Glosso.qrrrrt*s hlncrr-si i (:cplcinsOn) . Tt'io

rhabo osornes lying superposed. x i . Lccaii ty 32/633,

' Aorangi iv:j-ne. D. Ce ccr.at'us zone -

Fig .11 . Glossograntus acentllus ELIes end rl'ood. x 2.3. VGB4t

locality S2/5E2, Aorangi iiiine. E.ethe:-'idrei zone.



P1ate 13.

Fig.1 . Iqof,ra"gtus sp,1 aff .rnanlt_brl.atus (t. S.Hall).
hiature rhabdosome e x 3. GR1J. Locality sp/rqo, Aorangi

iulne. 9rlcogrq,u_h,us zone.

Figs 2 r6. Isof,r,ap-tluF sp.g aff .rrta,n,+p{in$rlp (t.9. Hall) .
Fig.21 mature r.habdosorne, x 3. GR1 1 , same LocgrlitJr as

fi.g.'1 . Fig.5, imrnature rhab,dosome, x'6. GRIa, Eame

1ocalit5r aB f1g.1.

Flgs 3 17. rspEraBtus sp.A sff .m,an,rlb11atqs (t.s.Hall).
Fig.3r mature rhabdosome I x 3. VG65, same locelity aa flg.
1. F1g.7r lmnrature rhebdosomer TE 5. GRg, same lo-saLlty

a s fLg.1 .

Figs 411OB. Oryntqgraptus schqfe-rl iap,worth. tr,i.g.4r x b,
GR54, locarity s2/6i3. Fig.1oBl x E, Localrty s2/65j.
Both fnorn Aorangi Mlne , Q. d e cola l qs zone .

Flg.l. ?HalloErantqg inutllqs, (J.Hall).. I[ature lnsom lete
rh,abd osome , x 5 . GR49 n loealt ty s2/552, Aorangl hii,ne .

P.etherideel zone.

Fig.8. reoErantqq sp.e aff.rqan-+!r+st\},s, (r, g,Iialr) . rrrature

rha bdosome , x . 3. GRI o , loca Li t5r gZ/54o, A orangl i'riine .

Opqoer,ap tus zone .

Fig.9. Glgss,oeraptus? oru@s, Haruls and Thomas. irdatune

rhabdosome 1 x 5. GRJ1 , localitSr S2/556. OneqrraptuF soRe,
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',j I D t t5 '1 ll!.LJ\rV|-a

Flgs 1r2r3. Par'atloitt-;oi:ra::)tus i4rlfil.;:n'l'"--"- lii'.:?ov. lrig.1,

inccrnplete rhabdosoiir,s, x 3. VGE2, ioctrliiy S2/5€,8.

i'rg.2, nearly ccmp-l ete r'habdoscfie, x i. \,'Gtl , locality

sZ/568. l'ig.J, holotype, x 3. VGEC, focality 32/582.

A11 i'rom Aorangi I'iir.re, F. ethericj,qei zone.

Figs 4r5 19. Par,aglossonra'pius etneridi,,ei Harris. Fig.4r

incomple-ue rhabdosonte, x 3. VG71, Ioca1i'ry 32/582. F1g.5t

fuIl rhab'losorne, x 3. VG72, localiiy S2/5t2. Flg.9r

irn;nature rhabdosonne , x 5. VG75, Jocail ty 32/582. A11 f rom

Aorangi lline , P . e the ri dgei zene

cI
Fig.5. PseudoclirrracoqraptuJr'moCreellus (iiarr"is and Tbroirias) .

-A
Proximal part of incomplete rhebclosorne r x 't 6, GR58 t

locality 33/526, Aorangl lfiine. Dice]--lg,qrarius zane.

Flg.7. pseu0ocfirilacoi:raptus sF. Fragrnent of rhabdosollie, x 10.

GR91 , locality S2/592, Aorangi iiiine. Dieell-Wrap-lgs zone.

Fig.B. PseudoclijracoEraptus sp. Proxirnal part of incomplete

rhabdosone , x 1O. GR92 I localii,y 32/592, Aorangl lriine.

Dicellograqtus zone.

Fig.1O. @ ef .fiacci-dus (J.HaII). Inccmplete

large rhabdosome , N 3. VG125, locality 519/61O, ;{angapeka

Valley. Orthogra'irtus zone.
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/ -\ciate 1) l.cc:ifrr-r-i,u ) .

i'ig.9. Dj-eel-loill.ar)ir-e sg. Iihai:dcJcr.te in errt reli-sf !','1 ih

par.b of leteral 'na11 of lef t-iriini s tipe p311,3v'i:C I sho"vi:ig

interilrecal sel)t8, x 6. VG129, locaiity 33,/126, AoranS'i

,r^ine erea. Diceil-o.:ii'eDi'-1$ zor'le.

trig. 1 0. Dj,crancglap i.i.s ci'.!.!1n.:. -. 5. i{a11. i:r.liia t,:t'e

rnab,josoro€, x 7 .5. GR1 C7, locali-ty 519/:rO7 , 'iranSapeka

t/al1€y. Oriqagt"at:'Las zone.

_t



Flate 15.

Irlg.1" Dieell.seqanjgs patulo,$\ls Lepviorih, x 3. vG126r.

lscality s19/621 , 'tr/angapeica VaIIey. Crlho.qraptug Eone.

Fig. 2 . Dice.llosrantus $p. x 5, GR85, locaLi ty g2/592,

Aorangl hXine. Dic.ellgf;Inrrtus zolte.

Fig,5. i,re'maeraptus rq.rac,l,lrg (.l.Hal1) . Fragmentary

rhabdosome, x 3. VG1 O2, locellty S3/526, Aor,angi Mirre

area. Picellogrartlr,le'zone.

3tig.i+. Dicq}l.ograjotqs, ,i4-!-g-g-!g$? Lapworth r x 3. GRI Q3,

Ioc'a1itysl9/5o7,WangapekaVa11.ey.@ZoflGr

xni,g.$. Irieo,,no"gra.ptps gqFifqrE+s? (J.gatt) , ]r 3. GR67 ,

locality g2/552, Aonangl Mine. I. g,rnqElmqdiverge4s zane.

Fig. 5. OlgggggerBnlqs n{ehol..sggi (Hopicinson) . }'r.agn:entany

bl serial part of rhabd os ome , x 7 ,5. VGI 0O , ]-oc ality
33/526 , Aonangl i{1ne a rea. Dl cellorlqqg!!+s zone .

Ftg,7. Dicel-lognaotaF eexians exi.lis ElIes and rTood. Broken

naature rhabclosofle and irnrnature rhabdosofiio, x 5. GIIBI+,

locatr lttrr 82/Z'92, Aorengi Mine. Dj.egUoflr,autgs Eone.

Ftg.8* Qicelt,oqrgglgg $p. rr 1o. GR,85, loeal-tty S2/592,

Aonangi hiine. DioelloFrqptus zone.
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- PLaia 1'c.
a'

Fig.1 . Cllrnecggf o',rtus ntq!:ius T. S. iial-1. ,Rht'rojo.5oil,re 6noiling

long virggella aoii single pair of' prcxi:irfll. spines, x j.5.
vG119, l-oeality 519/606, 'ffanga0eka :/a11ey. Orti:oqraoius zon€.

Fig.2. cllnacogl:golgs bubrrlUleqgqg, Lair,,:rprth. Dlsial part
of incomplete rha bdooorne , showlng vi rgular b,o,Jy. x 2.0 .
VG124r loaality 919/'621 , I'Vangapelia 'traLIey. orlhoFlgptus zorr€o

Fig.5. climgcograul+g ,Qrgv16 ELres snd rfood , Jr T .5 .

loeality sz/568, Aorangt l,li.ne. ,Q, 4b.eoralus zone.

GRSjt,

Figs 4 r5. C1i.rTl,?cglqra ptus sF. Fig 
" 4, very long, defornbd

rhabrJoaolne in thnee-qLrarters relief , x 3, VG1 ZB.

Fig'5 r nhabdosome in part relief with rrost cf the uppermost

lateral rhabdo-sorne lvall rernoved, slrowing intertheeal septa.
x 3 r GR51 . Both fro,m 83/526, Aorangl hiine area. Dicel-l-o-
g4aptus zone.

tr'ig- 5. Climgesgr.a,otus s?. Incornplete rhabdosorae, rr 5.
VG1 1 5 r local-i ty 819/'o18 , rt/angapeka \ralley. Oqthqgta qtus u oue.

Flg. 7. ClimfleqgrgpEu" -cAgde lgg Lap'rvo:rth. Ineornplete

rhabdosomel x 3. VG1 18r loca11t}r 819/5?O, i'fangapeka Vra]-Iey.

Ot'tho.gganl5 zone.

Flg.8. clj=macosrapt*s- ef , ridde4g g H,arrls, x j. GRgg,

localtty 32:/595, Vttangapeka VaIIeJf . Qrt{:pgrnptus Eone.
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Pia te'i 5 ( c oll'--rj'l= i ) .

r'igC 9rl O. Cit-rlecOi.r'e,ri.r1S -l;:.CD:'li:-= 
(.1-.:iai.t,i . i'ig. grllr}I.inaI

'1o;'iicnofinco'lpleierhabcc}joljier-ij'-'"i(:1i6tloc3l-it';r
34,9/':cO5, i'ianJapeXa rra1ley. !i.'!.lll-., i:J::is rzc:lc . lr,g. 1 C,

i)rOi:i:;ial, port,icr:, >: i. \IGi'i7 t lOci',1-..;;r 'J" j/CJ':, liaii;trpeKa

i,,'a -Ie yr. Qlt l-i-Q.gl.rf ,t i,:.S Z Ong .

Fig.1't. jgllgra:i,:s rui\L4?:!-1'9 J.:ie'-i, :t 7.5' GR1 05,

iccality S2/592, Aoraligi l|liine. Dilc'iL-iri:.?;t'rs zcne.



Aorangi iviine. D,decg::stus zone.

tr'igs 2r5. Dipl-qqraoiirs sF. il'ig.2r x 5.2r GR90. -r"ig.6, x 3,

GR,B9. Locality 32/592, Aorangi ii,ine. Dic_el-lcgractrs zone.

Plaie 17.

Jfig. 1 . DioloF,:rn otus? fi . d'eerorti!us

Coinplete rnature rhabdosotne x 3.

Figs 317. Glr,rptoqretri'us

Fig.J, distal fragment

x J. ilig. T r proxirlal

GR99 , Iocali iy S3/525,

(r:iar"ri s auo Thoitifl s) .

GR65, locaiiiy sz/533,

aff . te::eti.isculus (:lisingsr) .

of brolcen rhabdosome in part relief t

part of saine rirabdosorii€, x 3.5,

Aorangi I'iine erea. Dicel-lo.qlactus zffi.

I'igs \ r5. G1_,vpto_graptus :rustrodeiita tqg cf .gusirodsntq-tus-

I{arrls and i(eble. Fig.4, incornpleie pyriiised rhabdosc,ae, in

part relief, x 10. GR51 , loeality E2/5'08. i"ig.5r proximal

pari of incornpleie pyritised rhabclosoil;e, in half relief , x 20.

GR56, locality 32/568. Both from Aorangi l{ine. P.etheridgei

Zone.

Fig. B. Glyo-toirraptus

part of rhabdosoire t

iriine. P..etheridgei

cf . iiiters i tus Harri s and Thomas . Proximal

x 10. GR7O, focality SZ/S'"8, Aorangt

zone.

Fig.9. Gl]rotograotus cf . teretiuscultri sr-cgatus .lrllIes and 'rilood t

x 10. VGI 11, locality S2/to33, Aorangi l,iine. D.decoratus zone.

Fig.1O. gfgglo_greitiug sp. Two incoirl)Iete rhsbdosoinesr x 5.

GR57, locality S3/525, Aorangi ,r^ine area. Diee$eg-I-Ap!-q-q zone.
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Plate 1 B.

Figs 116- 0,rthg,gra^q!-gE sp. (lnrge form). irig.1, incoinplete
long nhabd osome , ,r 1 .5. *'ig. 5, oroximal pant of rhabdosome

in same heddtng plane (lntreo in;\, x 3.1 . v}1z3, loe ality
519/621 , Wangapeka r/alley. Qtthoglry t,rs zone.

Flgs 2,i r.8" OEthosqflnlgg trun-e+tgs n--qur:gra !ug Elles and rVood'

I'ig.2, ineornp:'1ete, rhabdosome, x 7.5t yG1Z7. !.ig.j, brsken

rhabdosome , x T.D, VG1 1it. Fig.g, complete rnature rhabdssome,

x 5, VG1 20. All from lscallty.S2/605, 'vllangapeira ',/fl11e3r.

Otthograptug uone.

Figs 4t5s7. grthorrlaptu,e ex gF.ealear-gtus Lapworth. Flg.4r
x 3, vGl 22. F5.g.l , grorrB of rhabdosoines, one of which

has a disc-shaped virgu'lan bodts s x Z, VGI21. Fig.7e proxlmal

Bart of epeeinnen of f ig.lr, x 'l 0. All f roi:r loca1i ty Sj 9/620 ,

tVangapeka ValleJrr g{thoFraptus zone.
!q- Fiq.4 i",odvcrt."rtlq ye,tt?,'.g,e.r' o

J + i''adverte" J ol f--, nXoh've.
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Pla ie 19 .

Figs 1r2. Grapioloid sp.: indei. !'i9.1, incoiripieie rrrature

rhabdosomer oriented as in ftg.Z, x 2.Er GR25.

F'ig.2, incornplete lnattrre rhabdosorlie , iil part relief - The

direciion of rhai:d o,sorre grolvth 'tras Ceterrtlineo f rorn the

orientation of the ihecae, the a-Dert*r'al ,nargins of which

extend to the mid-line of the rhab,i osorne. x 3, C'R22.

Both froni locality S2/J45, Aorangi i';line. Orlcogra-.!gg zone -

Fig.J. Tri,qonos{aptus? sp.nov. Incoreplete rhaiidosone oriented

as in ftg.2, x 3. GR21 , locality S2/it15. Aorangi r',iine.

One o,rr rao t us zone .

Fig.4, Graptoloid sp,2 indet. Conplete rhabdosome ano

incornplete rhabdosolne, x 3. GR26r locality S2/552,

Aorangi illine . ' I . c . nnn rino.{ ive rgens zone .

Figs 5rB. Trlggnorrrnptus ensifor:nis (J.tiall). Fig.5, irnrnature

rhabdosorne , x 5. VG96, locaiity 32/552, Aorangi iriins.

I. c. inaxigqcliverEens zone. b'ig. B, incornplete rnaiure rhnbdosonle t

x 3. GR2i+, locality 82/S+5, Aorangi :r'rine. Oncogrg,lus zone

trig.6. Graptoloid sp.1 lndet. Group of ri:abdosoinesr x 3.

. 
GRI 1 O , locaIi ty 32/552 , Aorangi i'.ine. I .li. rnxSLnQd ive rfiens zone .

Fig.7. TrisoQgqrqPius cf.ensifonnis. Slencier rhabdosorne, x a

GR9t, Iocality S2/582, Aorangi lvline. F.etheriCetei zone.
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