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"a~ mlleu<-<(l from .1.5 feet 
inthtS\X'tJUarternfSc<­
in L\·li ssis,ippi 

llu• loc.nion. depth, and 
f1Jr the cure ~.mlpk< from 
bnrin.~s .tre gin•n in a 
ficinlly unpublishC'd ) 
.md l'rdimin;uy Cvrt• 
1-J7. ( 11)65) .. 

The n1.1ny ('}5) samples from lmi<llle,i.l 
"~·re from drilk<(l wdb. with their lo<.tl iOil 
and depths utuvaibhk. bnt th<.:ir on,~;i tul 
>rr:ui~r;~phic :•ssignmt·nh are indicated nn· 
tkr the diS<"n~'ion of Binstr~H i).;r:tphit 7.on~­
rion ;md ~hown in Tabk 2 

Thc twenty <-xamittt•t! sample~ from the 
Vidsbur~ Group in i\h~si,,;ippi w<.:re tol­
k-u<-·d h} C M. Quiglt)' .u ln<-nlitie< in,li­
c;ucd in the ).;Uid<-· book for fit·ld rrip, 
($outht_·a.•rern 5<.-<.tinn (lt~J!ngictl So< lety t>f 
t\merict. I'J(J-1 t\nnu.tl L\1<.:-t:tinJ.,: I prq,.or<.:d 
by Sdwul of Lt~JIO!tf· Lotusi.m,t ::;tat<;' l ' ni­
I'CT<it)'. A< with th<.: many otlwr .\:tmplo 
hown·u. on " ·hitlt w"r'· ba't~! -;onw sug 
ge<tet! 'uouigraphit torrcbtions indictt.cd in 
Tablt 2. detail' of "-l!llpk number' and 
l<X3litie~ an: not ,cin:n here Fe" of tht·sc 

lx-t:n ~t!equatcl) o.:.uninu\ for " :abu­
oi 311 the n:umoplankt<m. hut '""' K 

the more \i~nificmt !.tx.l "' dwst· s.trn 
ret<lrded with tht• <k<;<:ril"i'"'' ,,f 

v. :>.IFlHOll~ ()I S'll ll\ 

The prep~ratinn of !>-lrllJlln .md our 
methtJth nf study "ith the polari7.ing ligl11 
mitm><.ope "l'f<· mu<-h th<· , .tm<: "·'de· 
<trobt.~l in snrn<· dcr.til by lkunktt<· s .-;ul· 
Jivan /1961 ) .. mJ so rwed tuu h<· rq><:.u<-·d. 
The .H.l\:tnta~c~ ;md limit:ttion, of 'llld) 
with tht: denmn miuostupc.· .d-.o rem;oin 
muth the sam<: as prninusly dist:u<,cd b) 
1\r.,mkttc& L'll.trtinit J<J(,.i ).:lhlutll)-:h more 
LJSl" of 5krt1l pair, of piutlf"' :md eleur<1n 
_;unnin,~; tethni<jllb is promisin,~;. It i, 
netess.trrwrdat<: tax.tdcstnbed from,·ithn 
uf the two methods of mi.r<l'i(OIX' <tmly 
wuh tiHhe from th<: ntlwr method amlthi< 

;.;,.,1~1~1:.~ ;:::~r~lp::~~ i::;,~ .\\~;.le 0::~·c1~~tg::~:~.~: 
muhoJtb .tre ttJillmmtlr not tlmS<.· !x·.;t >C'<-Il 
b; the other. IHJ\\t\tr, ;md mi<.id(.ntifi,.t 
tion~ tint' wminue to pn'>(·tu diffiuJ!t i<·' 

M.rn) t.lX.l.tresuffitiwtlrJi., tin<ll 'c llll· 
lt•r lt,clu lll tUOst<>p<· <·x.unin.niun,,tah ·'' 
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the '-p<:·cir-, of .\phou,/ithlll bt:t"l'<:ll <-r<"-.td 
nitoli;;(PI. ?.fi1!.10J .thatwrrel;uion" ith 
im:t!;CS from the cieumn miuow.tph (P! 
I. fi,~:,. (,) is ,., idem. l.e~s Ji;tincti'e fun111 
'lKh ;tS C.l<·/ou,rcolirb11.r '"'"K'IIIf!ll.llirm IPI 
·!. fig~. l·'iJ m.ty appe.tr more doubdull) 
idelllifi.,bk ·"the s.1mc 'pc..:i.:< of dw elet 
11'011 mitr<Jt(Ltphs 11'1. l . figs 1- -i ). p.orti<"IJ 
l:orly if .1ide nr oblique ,jews \H:"re not pre­
\Uttcd. lu addittou tonmrphnlo,!(it ,imil:ori­

loown.:r. tl1<:ir identit)· i; ,,_,urt-d in 
c"<· b)· IlK exn-ptional .tbund.mn· of 

iu .1 >.mlpk· t-x;unined b) 

In ten:un p.tni..:ttiM .llld ~umewlur 
>triuul itl\·e,rig.uton~. 1uth ;t> th:u fur 
ditional e,-i,knu· in u1rrdat ing .1 

l'lei,t<Xcne boun<bry. th~ rdinco;\ d<ttron 
mitn>'<-OI>C 'tudie~ of L'lltlnt)T<.: l in prns) 
haY<.: bet·n most •mport~llt . lk~ .tllll" of !lw 
r:1thu lirui u~d numbt.·r of '""·' i nnJI \t~l and 
tht H"f)' 'm:tll ,j~e of many o f the'<·. l ttdt 
det:u lcd srud) ><.-emed ft·.hihk :tnd l",xnt i;~l 
ro '"ti,Ltuur)· r~.:sult~ 

For thl' dat:l on d t~mbution in tim.: :1nd 
sp:tc<;c of rhr many humlrtxh of u~a th;H 
.trt needed fortxruuled zonation and torrc 
h tinns. howt'l·cr. thnu<:tnds of >;tmpks need 
cxnmiturinn !'or the prtscnt.thef(-fnre. the 
raptd methods with .1 li}:ht rni:'>\:TO'i(<>]X' cw 
pro, ide more :ldet}tt-H<" information on tlw 
diltribill!Unoft.tX:t.nenthnn).:h foral.,,«.-r 
m~tnlxr oJ idtlltiiiabk raxa, d t;lll ;, possibk 
widt dnuon mi<t.m'>l;opo: ltud) of .1 utm­
par.ttivt•ly ft'w 'amp!t·' t\bo "Jlllt· di'lim­
liH· .. md >IT.tti,cr;tphit~l!y 'i).:nifi<•tlll form;; 
do no1 nL·Lur in ~nffi( i<:tH number~ fm tht·i r 
pnob.ible with th~ ~kuron mitro· 

T lw r~·,ult, obtaint-d "ith d1i' method of 
Sttt,l) ~hott!d not r~'<jttirL· t·\"t_·olual modifico 
rion. fmm ,uh>L"<JII"m _eleunm tnttroscopo: 
\lltdil''· oth,·r th.m an nt<tt·.t-«:.1 rdtnemciH 
from .tddL-d number' .nul >ulxliviston' of 
t.tx,t invol,·nl .• mdthu,. •naddition.d,tr.ui 
graphit 'u!x!ivi~inn. Simil;or tOll~idcratiom 
<ll1 tht· tmpt!rt;onu· uf m.my nh-en .trion~ 
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cemage of coccoli ths, in comr~st with those 
above and below, which are fin e coccolith 
chalk with a sma ll percemage of foramini­
fera. Thi s imerva l thus a ppea rs ro repre­
sent reduced accumu la t ion by currem win ­
nowi ng during rhe ver)' considerable in ­
terval of geologic rime rep resenred by the 
four zones, with e ros ion during and o r sub­
sequ ent to this rim e (as well as in Eocene 
rime) at the locality of JOIDES No.4 . 

The Red Bluff f o rmar ion of Mi ssissippi 
is indi cated here as basal Oligocene, a con­
sensus opin ion. The abundam nannoplank­
ton rep resent the lower part o f rhe T-l elho­
sphaerct retiotla! ct Zone, which zone includes 
the la test occur rence o f this species and sev­
e ral othe r form s which are com mon in the 
upper Eocene. for example Cyclocoao­
lithll.r /11Jitanic11.r and Apertapetrtt mnbiliw.r 
( Levin ). lsthmolit!JII.r rewn•m. adopted as 
th e name spec ies for the u ppermosr Eocene 
zone by H ay, M oh ler, & ·wade ( 19()6 ) . 
occu rs in the lower few feet of rhe Red 
Bluff, although the re is some sugges tio n 
from orher species o f possible reworking 
he re from rhe underlying Eocene. The basa l 
parr o f rhe Vicksburg Group ( M ar ianna­
Mi nr pri ng) also com ains nannoplank ron 
o f this Helicosphaerrt reticlllata Zone, and a 
parr o f rhe Spbeuolit!ws predif!e111m Zone. 
Thu s the basa l Vicksburg and rhe Red Bluff 
Formation appear to represem an ea rl y Oli ­
gocene that is missing in the C ipero section. 
bur is we ll represemed in JOIDES No. ) 
and in Barbados. The upper Vicksburg 
(G lendon and Byram M ar l ) includes parr 
o f the Sj;bennlit!w.r predi.1trmt;;.r Zone and 
parr, ar least, of the S. di.rteutm Zone-as 
is ind icated a lso for the rype Ru pelia n 
Stage. 

Although nannoplankto n are nor abun­
dant in rhe Boom Clay ( ryp<:: Rupeli an ) of 
Be lgium. the stratigra phic placemenr shown 
in Table 2 is suggested by the presence 
of the signi ficanr S pbe11olit bm predi.rtent IIJ 

and a li mited number of orhe r raxa (see 
under species descrip tion;) of rhis zone, 
mcluding specimens of Spbel!nlitbm dirteii-
11/S. which is more common in the R upclton 
of sourh Germa ny. On the basis of nann o­
planktOn on ly. this typical and apparently 
main parr of the Oligocene eries. seems 
( !ea rl y co be later tha n the 1-le/icosp!Merrt 

reticl!lata Zone and earlier tha n pbelln­
litbll.f ciperoensi.r Zone. 

annoplankron zones in the st ratotype of 
the Langh ian are indicated with some as­
surance. R elat io ns ro the type Burdigalian, 
and even more doubtful Aquitanian , ca nnot 
be indicated, as nn nann oplank tO n were 
fou nd in the many sam ples from rhe ir type 
areas. Very few species occur in the ry pe 
Charria n, although those scra ra at Escorne­
beou a nd Sr. Et ienne d'Orrhe in southwest 
fran ce whi ch in clude nannoplankton o f the 
Spbe11nlithm riperoe11si.r Zone are ind icated 
as '"Chartian'' o f Drooger ( Table 2) pri ­
mari ly on the bas is o f his inrerprerar inns 
( 1960) a nd rhose of Bu rr ( 1966) from the 
orbi ro id and other foraminifera. 

Such uncertainties a fford little basis fo r 
an indicated boundary berween the Oligo­
cene and Mi ocene Series. I t is qu ice arbi ­
trari ly shown here between the G"loboroltt!ia 
k11gleri and CatajJ.rj•drrtx di.r.ri71! ilis Zones of 
Bolli in co nformity wirh hi s interpretation, 
a nd rhat of Woodr ing ( 1960). No bas is 
for such prec ise p laceme nt is apparent fron1 
rhis study of the nannoplanktOn, and o ne 
m ig hr even p refe r rhar the boundary occm s 
below rarher than above the C. k11gle1·i 
Zone, merely because rhe nannoplankton of 
this zone ca nnot yet be d ifferenr iated from 
chose o f rhe over lying C. di.r.rimili.r Zone 
( T ables I and 2). Neithe r this nor the mo re 
marked el i fference of fo ram inifera, how­
ever, affords an)' proper bas is for rhe bou nd ­
ary unti l such zones ca n be relared to the 
Chat ri an and Aqu ita nian scra ro t"ypes, and 
unci! these srages have been suffic ie nrl y 
studi ed for the [merna tio na l Geolog ical 
Cong ress co des ig nate strata l bou ndari es by 
fiat. Pend ing chis, strata including the G. 
k11gleri Zone, at leasr, might berre r be con­
sidered merely as Oligo-Mi ocene. 

D esp ite these problems in relat ing bio­
stratigraphic zones ro the generall y recog­
nized chronostratigraphi c stages and th e 
se ries o f Lye ll , inte r-relat ion o f zo nes based 
on var ious groups of foss ils a ffo rds promise 
for much cla rifi cat io n o f rhe co mplex s irua­
rion. This will not be accompli shed. how­
eve r, by simply rede fining stages on rhe 
bas is of rhe ra nges of any group of foss il s. 

Thar some biostratigraphic zones (par­
ticu la rly those based o n concurren t range 
relat ion ) may give a close approach tO rime 
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relationships seems upponeJ, borh by their 
nearly world-wide occurrence in a regu lar 
seq uence, and by the agreement between the 
<O nations of different groups of fossi ls. Fo r 
example, the placement ( T ab le 2 ) o f the 
reg io na l R e li z ian Stage o f Califo rnia in rhc 
1-/e/icosj;brtera a111plia j;erta Zone ( prim:r ril y 
on rhe b3sis of the overlap in range o f that 
~pec i cs w ith the range of equally widc­
' PJ'l:ad Spbe11olitb!lf beteroJI!orjJblls) has 
bee n found ro agree with rhe independent 
ass ig nmen t of the planktonic foramini fe ra 
by J. Li p ps ( 1967) o f pan of this stage LO 

the equivalent Globigerillrtlella iu.r11e/d Zo ne. 
Such ag reement in the interprcrations from 
these two pl ank m ni c groups has few excep­
tions a mo ng rhe hundreds of deep-sea cores 
studi ed. With ou t add itio nal independenr 
ev ide nce, rhese few excepr1 o ns seem ro rn ­
d icare that we were the cu lprits, r:rther than 
a ny of the fossils. 

V II. SYS'I E~ l tiTIC PtiLEONTOJ.Ot;Y 

R ev is io ns in classif ication of both the 
living and cxt in('t forms within rhi.i group 
o f nannoplankton seem so frequent thm 
no ne. above rhe fam il y leve l, is attem pted 
nor needed he re . A I though the coccoli­
tho pho rids proper seem clearly ro be lo ng 
with the unice ll ular algae, and assignable 
tO such ~ la rge category as the Cbr) ro ph)­
certe. many orhc rs of rhe exti ncr fos~i I ca l­
ca reous nannoplank to n are amo ng "genera 
incerrae sed is", and can merely be classed 
as Protista. 

Pro blems a rc inherent in an r classifica­
t io n based la rge ly on rhe ske letal pans, a nd 
especia ll y fo r unice llular o rga nisms not de­
ve loping specia l p:uts of o bvi o us fun ct io nal 
valu e. The p ro blem s a re increased with the 
coccolitho phorids in that o nly the d isaggte· 
gated e lements of the skeleron a re usually 
kno wn. For these, both the genera l "a rchi­
tectu ra l" form and th e arra ngement of ele­
me nts in th e '' ultrastructure", or the lack o f 
such ultrastructure among the o rt hol irh id 
g roup, would seem to be obv ious characters 
for differentiat io n o f taxa, but their relative 
significance re main s questionable. Basic 
form a nd fi ne StruCtu re a re quite diffe rent, 
for example, in the two generatio ns of the 
living species Coaolitbm pelaf!,iC!tl accord­
ing ro Pa rk e & Adams ( 1960). Thus, more 
knowledge o f distribution in time and space 

of popu lat io ns and in evolut io nary develop­
men ts, rather than morphology a lone, seem 
essential to the problems of a "natural" 
c lass ificat ion . Considera ito n of p pu lariom 
SC.:CillS espec ia lly important in the concepts 
of taxa in such mo rpho logica ll y simple and 
va ri ab le fossi Is. 

Unril the protists are separately treated 
or ca n be sarisfacto ril r assigned within rh 
plant and animal kingdoms. ap pli ca tion of 
the sepa rate rul es o f botanical and zoo logical 
nome nclatu re by o ne or anorher in vesr igaro r 
present some d ifficu lt ies. D espi rt some ad · 
vantngcs of coverage by the rul es of the 
I.C.Z.N .. a consensus seems developing for 
incl uding a ll t he calcareous na nnopla nk tOn 
with the a l g~c. As thi s is followed here, 
t he Code of Born nical Nome nclatu re is ap­
p l icablc. 

Family COCCOLITII ACEtiE P oche. 191) 
Genus APEilTAI'ETI1A H ay. Mohler & Wade. 

1966 
t\P!O il ' f'iii'Ef'RA UM BILI CUS (T.evin ), 

l evi n & Joerger 

Pl. 5, figs . 1-2 

CocculilhitS 11111 biliclf .• LEVI!\, 1965, .Tour. 
Paleontology, v. 39, p. 265, pl. 4.1 , fig. 2. 

.-\ Jl<'rlopctm lllllbilicl" L;:VI l\' & .J o;~HC:ER, 
19G7, Micropaleontolog,·, v. 13, p. 11>6, pl. 
.1, fig-. 9a-c. 

/~ c111ark.r: This large p lacofith is assig ned 
ro the genus of H ay, M ohler & \Xlade, 
( 196()) which includes rhose Cocrolitlm.t ­
likc fo rms havi ng a distinctively large O\'a l 
o pening o f the thin connecring tu be be­
tween the rwo shi e lds. Thi s species has 
snmt resemblance to the type species A. 
ramod11roz •i, bur is clearly the same form as 
rhc earl ier described Coccolit!JII.r 11111biliwr. 
It is ( typically ) an unusually large coccolith. 
wirh a g lassy ap pea rance in transmitted 
lig ht because of the relat ivel y thin shields 
and obscu ri ry o f the sutures between rhc 
many componen t e lements of the shie ld>. 

Disln'blttioll: A vc:ry abu nclam and widc:: ­
spread species in the upper half of the 
Eocene and with latest occu rrence in the 
lo we r Oli gocene ( 1-/e/ico.rpbaertl retiwlt~la 
7.one ) . Not l)l'esent in the G. mnpliaperllll'il 
Zone wh ich is the ear liest Oligocene of th(' 
Ci pcro secrion. 
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Genus CoCCO LIT! ws chwarz, 1894 
(OCCOI.I TH L'S ll !SECITS ( H ay, Mohler, 

& \X' ad~). Bramlerrc & W' ilcox;>n. n. wmh. 
Pl. 4, figs. I 1-1) 

S!!r",.,'·'t>iluem bisccla !lAY , ;\IOIIL£11, & 
\\'Ail!·:, I\)(;() , IO:clog-. C:eol. !Tel vet., v. 5!l, Jl · 
;j!):J. pl. l 0, fig-s. I- Ii. 

l?ell/drk.L· Placoliths ~l lip r i cal with a sm,d l 
tlliprical cemral opening. The larger (dis­
r:d) shield with numerous very fainr striae 
is chin. Between crossed nicols, rhc: spcci~s 
shows srrong birefringence our m che pe­
riphery of rhc shields. The narrow exrinc­
cion lin c:s in the centra l arc:1 curve clockwise 
for the distal view, and broaden across chc 
shields. The a'ymmc:rr ic extincrion lioc:s of 
figure ), piau: 10 of H a)' . Muhlc:r, & Wade 
indic;uc:s ,t slightly tilted specimen. ·l either 
thc:i r I ight nor electron m iscroscope picru rc:s 
suggest assignmem lll S1 rdrO.ifib"erd. Speci ­
mens incl uded in chis specic:s sec:m rather 
variable in rhe wbc opening, from slit-like 
in rhe lowtr pare of irs r:tnge, ro ova l in 
lrl[(:sr occurrences. Average size is d isnnuly 
larger chan C) docoaolitbl!.r 1/eogttllli/M!irm . 
bur rilrcd specimens of this circular form 
appear rather simihr ro C. bnec!Jii between 
crossc:d ni cols. 

A rather similar form is illustrated (pl. 
•I, figs. 9-10), and sepa rately lis red in T :tblc 
I. as Corcolitbi!.r aff. C. bi.rNIJ!J. This form 
is norm:11ly of smaller size, and rhe central 
opening is oval m subround, although these 
di fferc:n c<::s seem gradat ional upward in rhc 
seu ion from the rypical C. bi.teOII.I. 

Oittriblltirlll: Common in rhe two lowest 
zones of the Oligocc:ne of Trinidad and rare 
in the (;/obigeri11<1 ciperoe11.ri.r rijnroe111i.r 
Zone. ommon in rhe late Eocene and 
Oligocene: of many regions, including the 
t)'pe Rupc:lian. 

C:<KlOI. ITHL 'S EOPI: I.At.!U S 

( 13raml<::t tc & Ri edel). Bramlerrc & Sullivan 

Pl. ' ' · figs. (,.x 
Tn'lll olilhus t·ot>elooicllk BllAMLI·:TTE & RtF> 

DEL, lf15-l, .Jour. Paleontology, "· 28. p. 
:l02. pl. :!8. fi_gs. 2a, h. 

l 'occ·o/ilil11s r' ntidll!JiCII~ Bt!A~ILETTP- & SuL­
LJV,I:-:, l!liil. :IIicropalcontology. 1' . 7, p. 
1-11. 

l?el/l<ll'kL This large form resembling 
CoccrdJtbm pel(/gfoll wa' originally dif­
fcrenriared primarily bccause large popula­
tiOns uf such siLe and robust chanrcrer seem 

ubiquiwus from late middle Eocene up to 
.tbout midd le Oligocene. Local populations 
of the modern C. pelagJri!J. wirh placol iths 
of nearly equal size arc now know n, how­
c:,·e r, and di ffercnciation as rwo spc:cies be­
comes difficult and questionable within rhc 
l:uc Terriary , at lease. 

Oi.ttriblftir)ll: Few in the lower parr of 
the Cipuo secrion and more spa r>e and ques­
tionably idemificd throughout the upper 
parr. 

(OC.CO I. n Ill ' S PELAGIC! IS 

( Wnllich). Schiller 

Pl. ), figs. I '>-15 

( 'nCCO.>!JfTUerrt ]Je{ugicfl \V IlLLlC H , 1877, 
Ann. i\1.ag·. Nat. TTi st., ,;cr. 4, v. 19, p. :!48, 
fig-,;. I, ~. S, '11 , 12. 

Coccolilh"s J>l'iugiws (Wallich). SCII!l.u;R, 
10!30. ill RAB I·:J'\ IIOIIST, Kryptog·amen flora. 
v . J 0, p . Z'lli, figs. 123, 124. 

l?elllllrk.t: Very similar placoliths co those 
of rhe abundam spc:cic:s of the modern ma­
rine plankron are common chroughour most 
of rhe Tertiary. ldem ificacion of r\l aslol'ell" 
b<ime.1t1e ( Black and Barnes, 1959), and 
ocher such forms of the Mesozoic, as this 
$pecies is clearly incorrect. Cnccolithll.f jJe!ll­
giw.r varies in size and in che presence: or 
absence of a bar across che elongate cemral 
opening. The modern form s also commo nl y 
>how delicate: rhomboid plates covering rhe 
op<::ning, not ap p<Uent exctpc in clccrron­
lllicrot;raphs ( Black, 19!\S, fig. j). The 
strong ly imbricate radial elcmenrs of chc 
distal shie ld arc oriented wirh the (-axis 
ncar enough ro vtrrjca l, in plan view, ro 
show very litrle birefringence in the shields 
(pl. '>, fig. I Ll) as is likewise indicated for 
the: distal sh ield of C. eojwlagiws. 

Di.rtriblftirm: f orms very similar ro the 
modern species are included wirh ir (d. 1 
and occur throughout the: Ci pero section. 

CoCCOI. ITH L:S cf. C. SCISSU !ll 'S 

( Hay, Mohler & \'(lade), Bramlette & 
\'<lilcoxon, n. comb. 

Pl. ' '· figs. 1-:?. 
d . Reticll/n{t' i/e.,l m scis.~'l''" H 11 Y, MOIIL"H, 

& \VAnE, 19GG. !~clog·. Gcol. Helvet. v. 50, 
p. 387, pl. ;;, fig-;;. 1-li . 

!?emrtrbs: Elliprical placo li ths wich closely 
appressc:d shields. Cenrral area large and 
wirh a transv<::rse slit. T he shields are thin, 
and rhe numerous very fine srriae are nor 
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perceptible with ordi nary transmitted light. 
The p ecul iar construction in rhe cemral area 
is d iffi cu lt to imerprer with the light micro­
scope, bur between crossed ni cols shows 
bright areas in quadrants somewhat like 
char of Arkhangelskiella. This form resem­
bles the lig ht microscope pictures of l? eli­
CII!ofe17eslrrt scisJ!Ira, bm identifi cation re­
ma ins questionable, and simil ar ity of the 
holorype of char species co the type of 
l? el iCIIlofene.rlrrt is nor ev ident . 

Dis11"ib111iou: Rare in the Globigerillcr c/111 -
pliafJert!lra co Globigeri11a ci perDell.ri.r cifJe­
roe11sis Zones of the Cipero sect ion. De­
scribed fro m rhe !are Eocene of Ru ss ia, and 
common in rhe lace Eocene a nd ea rl y ro 
middle Oligocene e lsew here, up to and in ­
cludi ng the type Rupclian of Belg ium . 

Genus CORONOCYCLUS Ha y, 
Mohler & W ade, 19()6 

CO RONOCYCL US N ITESCENS 
(Kam ptner). Bramlette & \XI il coxon, 

n. comb. 

Pl. 1, fig. 4; Pl. 5, figs. 7-8 
Um bilicosplwe1·!1nitescens KAMPTNI•: Il, 19G:o, 

Ann . Naturh1 st. Museum Bd. GG, p . 187-
188, pl. 1, fig . 5. 
Remarks: The specimens in the Cipero 

sect ion resemble the phorograph by Kampr­
ner, ( I 963), bur no r the drawings (f igs. 
37a, b, c). The vari ous species of rhis genus, 
however, need resrudy wirh the elecrron 
miscroscop e for sat isfactory diagnosis. The 
micrograph (p l. I, fig. 4) shows the cle­
mems curv ing clockwise ( proximaPview ) 
rather than as in the phorographs ( disraP 
view ) of p l. 5, figs. 7-8. 

Di.rlribllti017: R are ro common rhroughout 
most o f th e Ci pero secrion. 

Genus C YCLOCOCCO LITH US Kamprner, 
1954 

CYC LOCOCCOLITH US LEPTOPO IW S 
( Murray & Blackman). Kamptner 

Pl. 3, figs.9-1 2 
('nccos)l/wera /epto)J0·1'CI JVI'UHRAY & BLACK­

MAN, 1898, Philos. Trans . Roy. Soc-. Lon­
don, 190B, p. 430-432, 439. 

Coccolithophont leptoporet (Munay & 
Blackman) . L OH MANN, 1902, Arch . Prot­
istenk. v. 1, p. 138. 

Cetlcidiscns medusoi<ies KAMP'I'NE il, 1954, 
Arch. Proti stenk., v. 100, p. 26, f ig-s. 24, 
34 . 

Tiurolith ns medusoides (Kamptner). KAMPT­
NER, ) 958, A1·ch. Protistenk .. v. 103, p. 81. 

Cyclococcol1'tlws leptoporus (Murray & 
Blackman). KAM PT NEil , 1954, Arch. 
Proti s tenk., v . 100, p . 23, fig- . 20. 

l?.. e111rtrk.r: forms ass igned ro rh is species 
are commo n, although var iable and appar­
enrly somewhat eli Herem from mosr in rhe 
modern plankton. The number of radial ele­
mems of rhe disral shield varies and is 
usually greate r, at lease in rhe Tertiary, than 
in rhe modern form described and figured 
by Murray & Blackman, 1898. Several in­
vestigato rs ( Mclnryre, Hay, Bramlette) have 
concluded rhar Tiaroli1h11.r 111edmoide.r of 
Kamptner IS rhe easi ly separated disral 
shie ld of Cyclococcolithll.r lefJIO/?OI'IIS (p l. 3, 
figs. 9-10). Such single shields, illusrrared 
in an ea rlier paper of Martini and Bram­
lerre, ( 1963) (p l. I 02, figs. I, 2) were 
rhen assigned ro Kamprner 's taxon. 

Dislribulion: Few ro common in the 
u ppe r parr of rhe Cipero secrion, appearing 
first in rhe Globigeri·nct!ella itwtelrt Zone 
and conr inuing ro be common in many 
regions up ro rhe prestnr rime. Significance 
of irs earliest occu rrence, as relared ro larcsr 
occurrences of C. !7eogrll71117ttliol7 1s men­
rio ned wirh char species. 

CYCLOCOCCOLITII US U JSITt\N ICliS 
( Black ). H ay, Mohler & Wade 

Pl. 3, figs. 16-1 7 

('occolit luts i11silo11iclts B1"AC K. 19(14, Palae­
ontology, v. 7, p . :108-309, pl. 50, fig-s. 1-2 . 

Cyc/ococco/illws /usilanicus (Black). H AY, 
MOIII,ER & WADE, 19(i6, ~~clog-. Geol. Hcl­
vet., v. 59, p. 390, pl. 7, figs . 3-G. 

Rem"rks: This circu lar placolirh with cir-
cular opening in rhe heavy con necting rube 
is a very common and widespread form in 
rhe upper Eocene. As wirh ocher coccoliths 
showi ng strong ly imbricate larh-1 ike ele­
ments of the disral plare in e lecrron micro­
graphs, rhese e l eme~1rs are so orienred as 
ro sho" - very lirtle birefringence between 
crossed n;cols of rhe light microscope ( pe­
ripheral parr obscure in fig. 17). Assign­
menr tn th is spec ies, originally described 
from a n electron micrograph, seems correct 
bur iclenrificarion wirh char of phorographs 
w ith lighr microscope by Hay, Mohler & 
\Vade is more certain. 

Di.urib111i011 : Abunclanr and widespread 
in the upper Eocene, and up inro rhe lower 
Oligocene ( 1-Ielicosphctera re!iCII!t!ltl Zone), 
bur nor in rhe G. ampliaperll!ra Zone which 
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is the en rliest Oligocene of the Cipero sec­
tion. 

CYCLOCOCCOLITI I LIS NFOGill\ll\IA'IION 
Bramlem: & Wilcoxon, n. sp. 
Pl. J. figs. 1- .1: Pl. It, figs. 1-5 

Dercriptirm: Rarher nondc.:sc ripr but vcr)' 
widespread and very nbundant ci rcular 
coccolith , wirh a circular opening of abour 
I micron through rhe rube conneCting rhe 
well sepa rated shields. Larger (distal) sh ield 
has numerous radial elemenrs discernible 
with oblique illumination. pecimens ( usu­
al!)' forming a large population) are rec­
ognizable between crossed n icols by rhe 
sharp and distinct extinction lines within 
the: ccnrral depression forming abour one 
third of rhe coral diameter (cu rving counter­
clockwise on proximal side). with these 
I incs broader, vagutr, and nearly straight 
radial on rhe outer shield area. Diameter 
(, ro 12 I' with mean near 8 I'· 

Plate I, figs. 1- .) arc electron micrographs 
from a sampl<: at .'>38 feet in JOIDES No .. 1 
boring where rhe species is very abundanL 
The 40-45 radial tlemenrs cu n ·ing cou nter­
clockwise on rop side of the distal shield 
are imbricare and show near ly srra ight radial 
sutures on the: lower (concave) side, as do 
those of the lowtr shield. Electron micro­
graphs from Scripps l\fP 5-l of early Oli ­
gocene age from the central Pacifi c were: 
prepared and kindly sem tn 196 1 by John 
C. H ath;lway of rhe U. S. Geologic~ ! Survev. 
These micrographs likewise: showed abun­
danr specimens. rc.:ferred to C. 1/eogalll!llii­
IJniJ as identified by light microscope, and 
rdenrical co those of electron micrograph,; 
from JOlDE No. ) (pi I, figs 1-3) 

Ren1<n-k.r: l3crween crosscd-nicols it re ­
scmblts "Coaolilbitc< " f!.tlll!lllalioll of Gram­
Jc.:rtc and ullivan ( 1961), a common form 
in the lower Eocene. Howtver almost no 
birefringence nor c.:xtincrion lines are seen 
in the pc:riph~ral area of that coccolith, and 
C. lleogallm!alirm clearly has two well sep­
arated shie lds rhat arc disrincrly concavo­
convex. 

D!rtribulion: Very common throughout 
rhe lower part o f the Cipero secr ion up to 

the G. fnhsi fohri Zone. ommon also in 
the Oligocene and ear ly Miocene of Europe, 
Indonesia, and in Arlanric and Pacific deep­
sea cores. The concurrent range of latest 
C. IINI[(dlllllllllion and earlitst C. leptopom.r 
( s.l.) may be useful for world wide correhr­
rion. because of their abundance and wide­
spread occurrence. 

Ccnus DrSCOLITHINA Loeblich & Tappan. 
1963 

DtSCOLJTIIINi\ cf. D. i\NISOTREl\IA 
( Kamptner) 

PI 5, figs. 5-6 

('occo/ithitf.' onisO(I'I' IIHT KAMPTNJ•:Il, l !J55 , 
Vcrh. K. Neclerl. Akad. , Afd. Natuu rk, 
sc r. 2. v. 50(~), p. 16, p. !Jl, fi)!. 22a-b. 

O isco/i l /iII~ !UiiRolr~niU i{ AM PTKF.TI, I !J5(i, 
.-\nz. Osten. Akad. Wi s~., Math.-Naturw. 
Kl., v. 93. p. 9. 

/( emllrk.r: This raxon is one of a large 
number of inadequately described species 
which have been assigned to va ri ous genera. 
The invalid generic name Dirrolitbm has 
bc.:en mosr commonly used. The form indi­
cated here as cf. D. rmi.ro~remr1 resemb les 
Kamptner's drawing of that species, par­
ticularly in the ourer series of large pores 
sur rounding many finer ones in the oval 
shie ld with a lnw per iphera l rim. 

Di.rtributio11: Specimens occur spa rsely 
throughout the Cipcro section. 

DISCOUTH!N i\ VIGINTIFORiiTi\ 
( Kam prner ex Deflandre ). 

Loeblich & Tappan 

Pl. 5, figs. )-LI 

Oixcolitlurs ni.!Jintijomtu., KAMPTN t.:rl, I !148 , 
SitzBcr. O~tcrr. Akad. Wi ss., Math.-Na­
turw. Kl., Abt. I. v. 157, p. 5, pl. 1, fig. 
8; L OT"ll,JCTI & TAPPAN, 1!)6!3, Proc. Biol. 
Soc-. Wash. v. 7G, p. 192. 

/Ji.'icoliiiiiiS r·ioinliforatlls Kamptner. cx­
DET-'LANTlTU:, 1059, Rev. Micropal., v. 2, p. 
150; I.OEBL TCH & TAf'T'AK, I!J 6G, Phy­
c·olog-ia, v . 5, _p. 1:10. 

l( emllrkr: This spec ies was designated as 
type species of Di.rcolithill rl nom. subsr. pro 
Oi.~ colitbm. Specimens in roporype mare­
rial recci vecl from Kamptner are I ike those 
of rhe Ci pcro seer ion. 

Di.itributiOII: Few to rare throughout 
most of the Cipero section. and widespread 
in the Terriary. 
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Genuo J-IEI.I COS PHAI'H A Kamptner, 1954 
1-J E I.I COSP H :\EH t\ t\lv!PLIAP EHT A 

1:3ramlerre & \XIi lcoxon, n. sp. 

Pl. 6, figs. 1-4 

f) e.rcrijJ!ioll: Thi s unsual form of the 
genu s is nea rl y oval in ourline, normally 
showi ng lirrle of rhe terminal Hare of rhe 
larger (d istal ) shield, and with no bridge 
in the large ova l cc:mra l openi ng. There is 
thus superficia l sim ilarity ro occasiona l 
specimens of orh c: r species which have: had 
th<: cemral bar broken our. l.ack of any 
central bar is ev iclenc in rhar a populat ion 
includes none with a ba r. nor any irregu­
la ri ty around the peripheral edge of the 
cenrral opening. Close observat ion is rhus 
nec:ded ro idenri f)' many of rhe sma ll er 
specimens. Lengrh 7 -I:! p.. 

/( emarkJ : Th is distinctive species is ntH 
easily rtcogni zed as bc.:long ing ro the genus. 
t:xcepr in side view, or by rhe characte ri stic 
exr incrion lines berween crossed nicols in 
plan vic:w. lr is. however, sr rar igraphica ll y 
vc: ry signifi cant because of irs wide geo­
graph ic and rac her restri cred rime range. 

Oi.r1rib111irm: Common in rhe G"lobigeri ­
llalella i11J11ela Zone, with disti nct!)' sma ll c:r 
specimens fairly common in rhe underlying 
Cai<~/JJ)clr,tx Jl<lil!jorlhi and rare in rhr· 

alii/HJdrllx diJsi1111iiJ Zonc:s of rhe Ciptro 
secr ion. Also p resent in rhe lower parr of 
rhe type Lang hian and uppermost '"Aqui­
ran iano·· of Sacco in the Scr ivia river sec­
rion of norrhern lra ly, in T ertiary e •·1-5 of 
Indonesia. and in rhc: Reli zian Srage ,Jf Cali­
forn ia. 

H ELICOS PH AERt\ CA RTEHI ( Wa JJi ch). 
Kamptner 

Pl. 6, figs. 9- I 0 

C'vccoHpltttet·a carte,·ii W ALLIC II, 1877, Ann. 
& !\lag . Nat. Hi sL. sc r. -!, v. 19, p. :3 ·!8. 
pl. 17, fig-s. 3 , •I, (i, 7, 17. 

ll elicosp!tac •·a carteri ( Wal lich) . 1\ A~ I PT­
NEH, 1954, Areh. J'rot iste nk. v. 100. p . :tl , 
73, figs. 17-19. 

l? ellttlrk.t: Thi s widespread modern spec ies 
has been iiJu srrared :t nd descr ibed several 
rimes, bur shows co nsiderable variarion. 
Some spc:cimens included herein arc: ques­
tion able, particu larl y those of the ear lier 
Mioce ne. Kamprner"s drawi ngs ( 1954, fig. 
17) show correcrly rhe clockwise co iling as 

obse rved from the prox imal side bur rhe 
cu rvaru re of srriae berween the: radial elc:­
menrs is reversed, and the excel lenr c::lenro­
m icrographs of Black and 13arnc:s ( 196 I J 
show mir ror images for these fearmes. 

!) i.11 rib 111 i o 11: Common ro abunda tl t 
throughout rhe Miocene: of the Cipero stc­
rion , and in M iocene ro R ecenr srnH:l of 
many reg ions. 

H E I.I COSPH 1\ ERA CQ,vt PACTA 

Gr:unlerte & \XI ilcoxon . n. sp. 
Pl. (,, fi gs. 5-H 

/) e .1 c rip 1 i a 11: Spec ies having relarivc:ly 
rh ick shields closely apprc:ssed inro a com­
pacr form of somewhnr egg shape. wirh 
little: pc:ripheral flare of the larger shield. 
The d isr:tl plare shows weak birefringc:ncc: 
in conrrasr ro thar of the sma ll er one. and 
this p roxima l shield is obliq uely rrunc:ttt. 
Ct:: tHral area has rwo opl:nings, nnd in les' 
calcified specimens also shows several small 
pits nc:ar the ourer c:dge of the rruncatc side 
of the: smallc:r plare. Lc:ngrh I 0-l3 I"· 

l? emark.r: Although nor a symmtrric uv;tl , 
r.his disrincrive sptcies does not show well 
the usu:tl outl ine of 1-felico.rpbaera in plan 
view. t\ ssoc iarion and gradational features 
indicare a close relation ro rhe peculiar and 
more rc:srricred 1-1. reli(!f/ala. 

Oi.uri/)f(liou : Common in rhe Clobigc:rin" 
amp/i,.tpul;tra Zone and rare in rh c: Cloboro­
!ttli,t oj,ima opima Zone of rhe Cipe ro sec­
rion. Common in the uppt:r Eocene and Oli­
gocene ( Red Blu ff and Vicksburg) of r\ l is­
sissippi, .tnd in cquivakm srrara of Joides 
C<J re samples, and elsewhere. 

H E I.I COS I'H t\E I( ,\ I N TE H~I E IJi t\ 

Marri ni 
Pl. 6, figs. I I - 12 

flt •licosplto<"nt ittlenllecliu :I[ AHT I.'I t , l 9!i5 , 
Pr·oc. XV JI Symposium 'olston Res. Soc. , 
v. 17, p. 404, pl. 85, fig-s. l-2. 

l?.emark.1: A common form in rhe m idd lc: 
T c: rciary. ass ig ned w rhi s spec ies after study 
of p;trr of the origi n:tl sample from a Pacific 
deep-sea core. pecimens are not common 
in rhrs core sample, bur ind icare rhat the: 
holorypc: shows somewhat more peri phc: ral 
flare ar end of larger plate rhan average: for 
the spc:c ies. although rhis va ries C<l nsider­
' bly. The holorype was nor rorated ro the 
pos ition show ing clearly rhe sigmoid :rp-
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pearancc of rhe b:rr berwcen crossed-nicols 
resulring from irs compound construction. 
r\s with 1-1. f>•ll'ctlle/,, .tnd r-r. .l!!lllilllllll/11 the 
bar is nm in opric:tl cominuiq "irh the 
shields. T his species resembles 11 . \cmillll · 
11!111 1 elltill!t! 11111 excr:pr for rhc mort: dis­
rincr ly sigmoid appearance of rhe b:tr be­
rwe<:: n crossed-nicols ~nd b<tr more nearly 
clos1ng the central opening. 

l )i,lril)//tioll: Common throughout rhe 
Oligoc<::ne and pr<::se nr in lesser numb<::r' in 
the lowe r Mion:ne of rhe Ci pero secrion. 
\Xi idtspread and common in sr r;H:t of com­
parable: age in man)' rtg ions, and or igi nall y 
,Jtscribed from :n id-Teniary of .t P~ci fie 
dcc:p-sc·a cor<: ( DWBC I 0). 

H EL IC<),P II t\ERtl OI! LJ QL ,\ 

l:l mm ltttt & \XI ilcoxon, n. sp. 
Pl. 5. figs. I )-I 1 

Oc.<crip!ilill: Speci<::s shows rather small, 
del ic:He. and closely apprcsse:d r:longate 
shic: lds. Cc:mral <lptning rebrivc: ly large and 
spanned by :t chi n obligue bridge which is 
in opt ical comi nuiry wi th rhe shield (f ig. 
1'1 ). Length il-10 I'· 

Rem<1rk.1: A r:trher sm:tl l and sparse ly 
occurring species, varying little: in character , 
.r nd perhaps more clost ly related ro F-1. <"clr­
IL"I"i than m :til)' of 1 he rither species. 

Dnlriblllirill: Rare in rht upper O ligocene: 
.111d lowc: r Miocene of the Ci pem secrion . 
. md present in the lower M iocene of lr:t!y. 

H EI. I CO~PHII ER il l'i\ H,\ I.I. ELtl 
13 ram lenc: & \Vilcoxon, n. sp. 

PI 5, figs. 'J-1 0 

Dercrij;Jiol!: A ryp ica l 1-l dico.<pbaera but 
not an eas ily d iffc:rentiarc:d spec ies. Centra l 
area occupied by a pantllel-sidc:d bar with 
lirrlc: or no centra l opening apparenr even 
berwc:e n crossed niwls nlrhough nm in opri­
cal cont inuit)' with rhe shield. and bar ne:u ly 
para ll el m rhc lo ng axis of specimen. l.cngth 
H-1) I' · L 

l?e11!<1rh: This fo rm is nor easily d if­
fcr<:nciared from I 1. llllerllletfhl although the 
c<:ntra l bar doe:s nor show rht: sigmoid ap­
pearance in .lily orientation betw<:en crossed 
nicols, and rhe: ltntral area is more com­
plue ly closr:d rhan in 1-f . inrc: rmc.:dia. 

niJiribmiol!: Rare ro few in the O liogo­
u:nr: .tnd lo\\"(·r J\ fiocene of the Ci pero sec­
uon. 

H ELI COSP II tiE I(tl RETI CL1LtiTII 
Bram lene & \XIi lcoxon . n. sp. 

PI 6. fig. l 5 

Desaip1io11: A pecul ia r, ve ry orn ;tre form 
of the genus, with the re:r icu b te ap pearance 
due ro pies in tb r: shi elds . T wo rows of 
sma ll openings alongs ide rhe cemral b:u are 
norm:1lly apparc:: nt with a lower foc us than 
rhat o f Fig. 15. 

Rclll<lrkJ: Alt hough typ ical spr:c imtns :tp· 
pr:ar quire diffe rent from 1-1. co111parl<1 

va rious imermedi:He forms and consistent 
ctssucincion wich rhc.: more: com mon and larer 
ra nging 1-1. rOIIijlciCI<i indicate tht ir d ose 
relarionsh i p. 

Di.rlribNiirJII: Fairly common and typ ical­
ly developr:d in che Red Bl uff Formation 
( lowe:sc Oli gocene) and the upper Eoce ne 
of Miss iss ippi, and in eg uiva lenr stra w o f 
llarbados and the lower 01 igocenc: u f rhe 
JO lDE borings. 1 m found in la rc:r sr rara 
of rhe Oligocene-such as rhe C. tllllj>lidper ­
llll"tl 7.one of rhe Cipero secr ion. 

1-TELICOSPHtl l' l(/1 a ff . H. SEMI NlJ LL IM 
Bram lerrc.: & Su lli va n 

P1. 5.figs.l l -12 

// r licosp lwuu N<' lllillu{llul scwinllltu/1 B HA ~ I ­
L~:T r'" & SuLI.JI'A:-1, 1961, M ieropa lcon­
Lolog-y, v. 7, p. 1~4. pl. -1 , f igs . L a-c,~ -

l(el!i<lrkJ: T his form of H eli cOJjJ/Jaer" is 
similar to II . <C!IIIi1111111m remi /)Jdllm, an 
abu ndam :1nd widespread form in the lower 
h:tlf of rhe Eocene. Thnr species, how<:ve r, 
dot·> nm >tc:m ro occur in che upper Eocene 
of any know n region, :t nd the form here 
n.:corded from the Oligocene may prov<::, 
with mo re srudy, w be a d isr incr ra xon. 

Di.rlriblliiOII: Occurs ra ther spa rsely in rhe 
C. '""pliaperilll"ct. C. opima opi111<1, and rhe 
G. <"ijJeroell.li< cijJeroe/JJi, Zones of rhe 

1pero section. 

1-ii:LICOS I' Htii:H tl TH UNCtiTtl 
l:lram letrc: & \XI il coxon, n . sp. 

Pl. 6, figs. 1'>- 14 

OeJaip1io11: Specimens have .t somew hat 
rccrangu lar ou tl ine: in p lan view and the 
overlapping d isra l shi eld is nornu lly sharpl y 
truncared rather rhan rou nded off at rhe 
end of rhe flare. Cenr ral area with rwo 
rat ht r large o penings, with rhe oblique!)' 
rra nsvc: rse br idgr: in upt ica l co nt inuity w ith 
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rhe basal shield on one side and larcrally 
extended on other side ( fig. 14 ) . Length 
I 0-15 I'· 

Re111"rk.<: Th e ex tended and abruptly 
truncated c:nd of rhe flaring sh ield is less 
marked in many specime ns than that of Pl. 
(,.f igs. 13 & lei. but the unusual appearance 
between crossed nicols of the bar and ad­
jacent JXlltS of proximal shield is a di.;tinc­
t iv<: cha racr<:r of the species. 

Di,!ri/}!ftion: Rare ro few in the Glolwro ­
talill opi11111 opi11111 and ( , /obige rill<l cipcro 
en.ri.1 ,·iperoeJIIii Zones o f the Cipc:ro sec­
t ion, prc:sem in T erriary e 1-) of Indonesia. 

(;enus RH ,\BDOSP HA EHA H aeckc:l. UN' i 
RIIABIJOSP HAERA sp. 

Pl. 3, figs. 7-8 

l~ elll<il"kJ: T his rathe r nond escript rh:tbdo-
1 i rh resembles spec imens common in the 
Tertiary elsewhere, bm distinctive features 
.tre nor obvious for a specif ic assignment 
\\"ithour further study, including that with 
rhe electron microscope. 

DiJtrib111io11: Fc:w ro rare in the i\1 iocent 
of rhe Cipcro secrion_ and similar forms 
presem in rh<: lare T erria ry of ltal)' :tnd t: lst­
wherc:. 

Genus SCY I'IIOSI'H 11 FR ,\ Lohmann, 1902 
SCY PI-IOSP I-ttiEHA AI'STEIN II Lohmann 

Pl. I 0, figs. I, 2, Lj 

8r·,I/JJ/iu.'-iJ1hoeJ'ft fltJsteiuii L 0 111\1 AN N, I HO~, 
A I"(" h. Pl"olislenk. v. 1, p. 132, pl. ~. i"igs . 
2G-30. 

N. e111"rk.<: Lopadoliths assigned ro rhi, 
~pecies of Sc_1 jJboJpb<~er<~ arc: rhc mosr Clllll ­

mnn ones in the Oligocene and 1-- l iocene of 
Trinid ad. Most of the specimens are ~ome­
whar large r ( I+ 17 I' ) than those reporn:d 
by Deflandre and by Kampmer, but nre oth­
erwise identical. 

OiJtribl!tio!l: Rare ro few throughout th<.: 
C ipcro sect ion. Originally reported from 
the Recenr of Arlanric Oce:~ n and i\ !ed ircr ­
ranean Sea. 

SCY I' II OS I'II iii:H,\ I NTE H~II:!D I ,\ Defland re 

Pl. 10, fig. 3 
ScyfJhosp lwer({ inlerllledio D EF LAI\IJRfi. 19-12, 

Bull. Soc_ Hisl. Nat. Tonluu~e, v. 77 , p. 
1.34. figs. :32-:3(). 

/? e/1/drk.r: Some lopadolirhs in the uppc:r 
pan of the sect ion are identical ro the fig -

ures of Deflandre ( 19-12 ) . The size varies 
considerably bur the species is one of rhe 
most eas ily recognized of the genus. 

Di.11ribmio11: Rare in the upper parr of 
the Cipero section. Originally reported from 
Min-Pliocene (··sahel ian·· ) of Algeria. 

SCYI' IIOSPI-I riEH tl LA(;!'Nfl l(amptntr 

Pl. I 0, figs. il-9 

SC!I!Jitu.'Jiliuel·u lrtrtc' ll<t KA~ I PT r-:C:H, I !l55, 
Vcl"l1. K. Nederl. Akatl. Wel.. Afd . Jla­
Luu r k., ser . 2. v. 50, p. 2G, [ig·s. 12-1. 127. 

l~ elll<irk.<: Lop:1dolirhs a,s igned ro this 
species correspond very closely in size and 
shape "ith those figured by Kamptner 
( 1955 ) :1lrhough Trinidad specimens ha'e 
a sl ighr out ward bend at rhe dis tal end. 

Di.uribl!tioll: Rare: in rhe (,/oburot ,did 
job.,i lo!Mta and (,/oiHtrollliid fob•i robi!Jttl 
Zone:; of Trinidad. Originally reported from 
lace T ertiary of lmlonr:sia. 

SCY PIIOSPHAEHA I'LI LCII EH IU~tA l)c:fiandrt· 
PI I 0, fig. 5 

Sc!fJ'"'"I'hll c ro fllllchc•ITiiiiU DEI·'LA:O:Ot!E, 
1942, Bull. Sot. H isL. Nat. Toulouse, \". 
77, p. 133, Jigs. :28-:31. 

Fl em"rkJ: Deflandre's figure ) I is iden­
tical ro specimens found in the Globoro­
ia/i,i fobri rob11ua Zonr: of Trinidad. Only 
on<:: specimen lik e his figures 2i:l- )0, \\'ith 
a more constricted n<::ck and widt ly flaring 
d ista l rim , wa, found in rhis section. 

!)i,trihl!tio/1 : Rare in the upper rhrU:' 
zones of rhe Cipt:rO :;ecr ion. Originally re­
porrc:d from the Mi o-P ii ocenc ( ··saht:li,tn ""J 
of Algeria. 

' cYPHO~PHAEHtl HFCL HV!ITA Deflandre 

Pl. I 0, figs. 6-7 

.'-:1"/1/ih li8}Jhcll' /"{( I"! " Gil I" t'/1 l!t I) F:FLA I' llBE, 19-1:2, 
Bull. Soc. Hi sl. ?\al. T oulouse . v. 77, p. 
t:l~ , f ig·s. 17-:<a. 

l?c!lllll"kJ.- This spec ies is eas ily disrin­
gu ished from mhers of tht: genu s by its 
bm:tdly inflated outline and slight recurving 
of the wall ar the base (nor so evidc:nr in 
tht phorographs). 

Oi.i/1 ib11tirm: Rare in the Globorot , di.~ 
fo b ,i /obai<1, rhe Globoroia/i,l fob.<i rob111ta 
Zone.;_ and the ( ,/obomtalia !1/<:llt!rdii Zont: 
in the Trinidad section. Originally reponed 
from the i\ !io-Pliocene (""Sahel ian··) of i\1 -
gena. 
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Genus STAl ii101.1TIIITES Carnr ini , 196) 
As represented by the type ( S. i<~Jfillei). 

th is oenus is a zygolith-Jike form except 
rhat the cross-bars bridge rhe long and short 
axes of rhe narrow oval rim. Some unre lated 
species were also included by Cararini. As 
here eml'nded rhc genus should exclude 
species of circular ourline, as this seems one 
of rhe more sign ifi cant distinctions in raxa. 
Although a few species of clliprical cocco­
liths .tpproach ci rcu larity ( :.ub round) in pe­
riphera l outline. rh<: central area generally 
indicates more: clea rly rhe elliptical cha r­
acter. 

Various such forms have been included 
under Z)goliti)/{J and orher gtneric names. 
Jl ekJbine/1:~ Loeblich & Tappan ( = f:j,!Jip­
pitnll Vekshina, 1959) is simihr in pbn 
view, bur is guire differcm in show ing a 
ve ry conspicuous spike extending above: and 
below the cenrral junction of rhc cross-bars. 

STAl 11\0LITHITES MINL:'ll'S 
Bramlette & Wilcoxon , n. sp. 

Pl. 9. figs. 1-1_', 

De.\1 riptio11: A very sma ll "zygol irh" with 
an inconspicuous bar across rhe shorter axis 
of the el lip tical rim, and a bar of complex 
construction across the longer :txis. Berween 
crossed nicols and longer bar thus has a 
sigmoid appeara nce (Pl. 9, fig. 1.)) and irs 
rrue form i' more apparem with a supn­
imposed quanz plnre. 

l? ettitnkr: The very sm,dl size of this 
'ptcies makes irs srudy with elect ron micro­
scope necessary for a mort satisfactory de­
scr iption. 

Di•trib!11io11: Although f:tirly common in 
the Globi!!,l!riJia , nllplir~per!ttrtl Zone of 
Trinidad. it has nm yer bten recognized 
elsewhere. 

Genus ZY<; IU1Aill.l'l HLIS Deflandre:, 1959 
7. \ GH IIi\ ll i.ITIII IS IIIJL'GATL •S <Deflandre). 

Deflandre 

Zygo/illtus /JijllrJU/IIs Dr; r· 'LANDHJ:: i11 DE­
FLANDHE and l"J·:rn , 195-J, Ann . PaleonL., 
v. 40, p. l-18, pl. 11 , fig·s. 20-2 1. 

Nlwbc/o/ilfws tiiS/altiB DEFLAi\Jl!H; i11 Dc:­
Fl.M\IJHE & PEnT, 1 !J54, Ann. Palcont., v. 
40 , p. 157. pl. ll , figs. '- 11. 

X!Jr;rltablith11s bij11r;alll' DEFJ.Al\'DHE, 195~ , 
Re,·. :\Iieropaleont. , v . ~. p. 1;3;)-136. 

l? e!llark-.1 : A v<:ry common form in the: 
ec1 rly Terr iary , this sptcies 1; unknown 

higher rhan rhe upper Oligocene ( rype 
Charrian ). The: species was found (sparse) 
only in rhe C. opi111a opi111a Zone of Trini ­
dad, and is nor illustrated here. 

JNCERTAE EDl 
Genus CATINASTEH Marti ni & l3ramletre, 

1963 
(1\ TI Nt\STI 'H CA LYCULUS 

Marrini & Bramlerre 

Pl. H, fig. 13 

Ca/illost,.,· caluc11111s :'llAllTINI & BllAMLETT", 
1%;~, Jour. Paleontology, v. 37, p. 850, p l. 
I 0:3, fig-s . 1-!i. 

Rentt~rk.~: This distinctive spec ies was 
orrgina lly described from rhe same Trinidad 
sample as srudied here. lr is ev idently closely 
related to the cl iscoasters. 

Oi.rtribttlioJI: ftw in rhe Globorotalia 
J/II?JI<irtlii Zone of the Cipero section. Few 
in thc middle Miocene of rhe Mohol e d1· ill ­
ing. and in rhc middle Miocene of some 
Lamont deep-sea cores from the Arlanri (. 
Ocean. 

CA'l iNASTEH COA I.IT LIS 
Mart ini & Bramlerre 

Pl. H. figs. 9-10 
('otillllsle>· cuulit11s MA lri'INI & BrtAiiiLJnTF:, 

1!JG:'l, Jour. Palcontolog-_v, v. 37, p. 851, pl. 
I 03, fig-s. 7-J 0. 

l~ elllarkJ: This smal l bur very disrincrive 
species was originally described from rhe 
same Trinidad sample:. 

Di.rtribttliliJI: Common in rhe Cloboro ­
lalia lllaJeri Zone of the Cipero sectio n. 
Rart in rhe middle Mi oce ne of the Mohol e 
drilling, and common in some Lamonr cores 
in the Arlanric Ocean of equivalent age, and 
.tr 95-100 feer in Joides No. 3 boring. 

Genus DISCOASTE I\ Tan Sin Hok, 1927 
DISCOASTEH ADi\M,\NTEUS 

Bramlette & Wilcoxon, n. sp. 

Pl. 7, fig. 6 

Discuasler sp. I i\JAI!'I'll'r, 1965, Proc. XVU 
Symposium Colston Hcs. Sot., v. 17 , Jl. 
405, pl. 3(;, figs. 11-12. 

l<emdrk.~: The Trinidad specimens art 
identi ca l ro those figured by Martini from 
Pacific Deep-Sea cores. Although rarher 
similar ro immature specime ns of some 
orher species, it seems to be a distinct bur 
uncommon species. 
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V i.rtri/J11tio11: Rare to few in rhe Globom­
tali" opi111t1 npi11/ll Zone, rhe Globorotalia 
k11gleri Zone. and Few in rhe Ct~tapsydrt~x 
diSJimiliJ Zone of rhe Cipero sect ion. Rare 
in th e: assem bl ages A, G, and C of Martini 
( Oligocene and Miocene in rhe Pacific 
deep-sea cores he srud ied). 

0ISCO ti ST EH BOLL!! .Mar tini & Gram lerrc: 
Pl. 8, fig. 11 

f)i,coa~;/er bollii ~lAR'l'II' T & B IL-\~ILETTE. 
1%:3, J oul" . Pal conlolog-y, '"· :37, p. Sfi l , pl. 
105. tig-s. 1-4, 7. 

/~ emark.1 : The holorype was from the 
same s~mple of the Globorotalia me11ardii 
Zone as srudi cd here (TTOC 178890!, and 
the side view showed rhe disrincrive big 
sre m p resent on both s id es of rhe asrc rolirh. 
A va ri ant or close / y relared form , wi rh 5 
rather rhan rhe more typical 6 rays, is com­
mo n in a sample conside red a "corype lo­
ca l i ry·· of the: Globurotalict IIIli) eri Zone 
( TR -22). Thi s sample, however·, is 1mhcr 
diffc:renr from Bolli 's sample ( TTOC 
178889) of rhe Globomtalia IIZtl)eri Zone 
and the calcareous nannoplank ro1; seem ro 
indicate: an inrermed iare posit ion of TR-22 
bc:rwc:cn our samplc:s of rhc: Globorolct!i,t 
Jlllflltmlii and Globorotalia llltl) eri Zo nes. 

Di.~trib11tio11: Common in rhe G loboro­
t,tficr meJJardii Zone and rare in the Globo ­
rotalia mayeri Zone of rhe Cipero sect ion, 
prescm in rhe middle 7vfiocene of Hai ti and 
rhc: Ex peri mcnral Mohole cores. 

DI SCOJIST EII BRO UWER! Tan Sin H ok 
PJ. 8, fig. 12 

Discoa8/e;· l>routecri Tan Sin H ok, ~ens. 
emend . B I!A~ILETTE & RIEDEL, J!)54, J our. 
Paleontolog_,., v. :2 , p. 40:2, pl. 39, f ig-. 1:2, 
text-figs. 3a, b. 

!? emt~rk.r: Typical specimens wirh 6 thin 
po inred rays are common, as is a somew hat 
more robust 5 rayed form rhat is here in ­
cluded bur may prove ro be a distinct raxon 
more: relared ro D. bct!11al!tJ. The relatively 
small central area is about half the length 
of the indiv idua l rays and has a sma ll cc:nrral 
knob. 

Di.rtributirm: This species occurs rarely in 
rht Globorott~litl fob.ri fobsi Zone and is in­
creasingly more common upward in ro rhe 
Globorotttfitt JJJI:IJtmlii Zone in rhe Cipero 
section. lr is widespread :ux! abu ndant in 
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many upper Terti ary samples up ro an 
ab rupr exri ncr ion near rhe Plio-Pieisrocene 
boundary. T he later occurrences include in­
Crc<ls ing numbers of 5, 4, and 3 1·ayed speci­
mens. 

DI SCOAST ER CHA !. LENGE R! 

Bram lerrc & Ri edel 
Pl. 8, fig. I 

Oisco({s/er clwlleilgt·;·i BllAML E"I'"I'E & l{IEOEL, 
1954, J our. P aleontology, v. 28. p . 401, 
pl. 3H. [ig·. 10. 

l~ el/ltlrkJ : Mosr specimens included here 
arc: li ke rhe holorype, which was origi nally 
descr ibed from rhe same sample ( TTOC 
178890), of rhe G"loborotalia me/)(mlii 
7.one. Atypical forms renrarively included 
in the species in rhe lower parr of rhe Mio­
cene of rhe Cipero section have: shorrer, 
rhi ckc:r, less parallel sid ed ra ys, and a some­
wh,Ir larger cenrral area. 

/Jirtrib11tiou: This spec ies, along wirh D. 
brOil// eri, is among the mosr common and 
widespread of rhe d iscoasters in rhe upper 
Terr iary. In Trinidad, specimens are few ro 
common rhroughour rhe Mi ocene parr of 
rhe secr ion. 

DI SCOASTE R OEFL!INDREI 

13ram ler re & Riedel 
Pl. 7, fi g. 4 

!J i.<coa .qt n· def/cnzd rei BRAM!,ET'I' E & RII, UEL , 
1954, J ou r. P aleontology, v. 28, p. 399, 
pl. :i!l, fig . (i. 

l?emark.r: Ho/orype was described from 
a Trinidad sample ( Renz no. 90) of rhe 
G"lobigeri/)(t ci peroen.ri.r ci fJeroensis Zone. 
Asrerolirhs vary considerably, with many 
specimens commonly ass igned doubtfully 
ro rhe species. Term in:t l bifurcations su b­
roundc:d ro angular. Rad ius of ce ntral disc 
g reater rha n rh e leng th of rhe rays , and 
rc rmin <l i bifurcatio ns expanded so thar area 
bcrween the rays is distinctly rounded. 
Many specimens have a small inconspicuous 
stel late knob ar rhe cenrer, wirh low ridges 
extend ing a short distance along each ray. 

/Ji.rtrib11tion: Abundant in rhe lower ( Oli­
gocene) pare of rhe Cipero section, wirh 
v:l!"ianrs included in rhe species rather com­
mon in rhe Globigerinatella inweta and 
Globorotalia fobsi lobata Zones. Thi; vari­
abl e species is geographica ll y wide pread 
and ranges from rhe Eocene ro rhe Miocene; 
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ir is commonly rhe domi nam Diuo<~llcr in 
rhe Oligocene. 

DI SCUti STER EXI LI S i\!anini & Bramlene 
Pl. 7, fig . . '> 

/Ji,"·ua~/er e.ri/i.~ 1\ltiRTlNI & HHAMLr~'I' TI·~, 
I DG:l, Jour. Paleonlolog·y, v. :·n, p. 852, 
pl. 10·4, fig-~. ]-:l. 

l~em<~rl::J: This species has long slender 
rays rh:n are slightly tapered and slight!)' 
bi furca red or notched ar rhe ends. Tlu:: 

orig in al description of rhe species indicated 
rhar the ridges extend along one siue of the 
median line of rhe rays. H owever, in most 
specimens from rhe Trinidad section this 
feature is not so evident. 

DJ.IIrihlltirw: Present ( fe\1 ro common J 
in rhc fom Cloborotalirr foh.r i subspecies 
Zones of the: Cipc:ro secr ion. R:uc ro com­
mon in the Mi dd le M"iocene of the exper i­
mental l\ fohole cores. 

D ISCUIISTFR FX "I ENSL ~ 

l3ramlerre & \.'(/ilcoxon. n. sp. 

Pl. ~. figs. 2-8 

/) e.rcrijitirm: Asterolith large and varying 
gre:uly in peripheral ou tlin e, with six rays 
rhat may be blumly rounded, truncated , or 
notched :tr rhe rips. The cemral area is 
broad and nearly flat or comp lanare. Spc::ci ­
mc:n s arc disr incrly rugose, and common ly 
show indisrincr sutu res, extending from the 
center ro rhc margin between rhe rays. 
Diameter 15-22 I"• usually about I H I' · 

l? e!ll<rrk.r: Despite much va riation in our­
lin e illustrated by the seven specimens, all 

gradations occur in rhis characte r in the 
single sample where rhe species is common, 
making any subdivision diff icu lt and of 
qutsrionable va lu e. 

Di.ltriblfliol!: Common in the C,rhr.rjJJ) ­
dr,rx cliJ.rimili.t Zone and very rare in rhe 
CrliljJJ)tirax rt,1i11jrmhi Zone of the Cipero 
:,en ion. 

D I SCU.~STI ' H H MvCA"I l iS Martini & l~ram l c::tte 

Pl. 7 . figs. 9- 11 

/)i.'l'I)((R/Pi " fiiii>IUIIIS \ l !lllTI:-.' 1 8: J3 11ti:-ILETT E, 
1!)(1:3, Jour. Pal eon lolog-y, , .. WI, p. 52, 
pl. I 05. f igs. 8, lO , II . 

l?.. r:m.~rkJ : A distinctive and widc.:ly dis­
tributed species origi nally described and 
well fi gured from tht same: sam pie ( TTO 
1 7 8~90 ) of the: Ci pero stn ion. 

Di.rtriblftirm: Common in rhe Cloboro ­
lirlia 1/J e/lilrdii Zone of the Cipero section. 
Rare to few in the middle l\fiocene of rhe 
txpcrimenra l Moholc and A rLtnric cores, 
joides No. 3, ar 75-95 feer and in T err iary 

"t 2-1 of Indonesia. 

DrscoASTI:H KL ' G I.l ' IU 

l\lanini & lhamlc:ne 
Pl. 7, figs . 1-2 

f) iRr·oa.,lu kuyleri l\ l AH TC N I & BHtli\1LETn:, 
1fHi3 , .Jour. Paleonlolog-.v. v. :l7, p. 85:l, pl. 
102, figs. 11 - 18 . 

1\ emark.r: Specimens typically with shon 
srubby rays, less th:lll ha lf the: diameter of 
the cenrral parr. Tips slight ly notch ed :1 nd 
thicker than rhe central :1rea of rhe astero­
lith. as is indicated by brighte r, more con­
densed, I ighting nc:ar the ti ps of rill' rays 

PI.ATI · I 

[Jectronmiuograph> with magnification indicued by the one miuon scde on eac h. 

Fi gurts Page 

I '> C)docouo/itb/(1 !leogam//Jt!lir/11 llramleut & \Yilcoxon . n. sp. ( I ) disra l 
view, .J oides 'i, ( .1.18 ft ) par:rrype, U.S.N.M. 650 6611, ( 2) proximal vic:w, 
>am<: sa mple. paratypc.:, U.S.N.M. (,)() 665, ( 3) side vit:\1', sa me: sam pit, 
paratypc, U.S. .M. 650 6(i(, I 04 

· I Corol/oc)ciJII IIJ/e.•ceJ/1 ( l(ampmer), 11. comb. Proximal (!) vi<:w, Joidc::s ), 
(118ft) 10) 

5 .\jihellolitl.wr di.rrenl111 ( Martini ) , 11. comb. side view , Joides ), ( 3.)8 fr J l12 

(J \' f!bclloillbrrJ fJrerlirtellllll Bramlette & \Yilcoxon , n. sp. side view, Joides '\, 
(· II H fr J, paratrpe, U.S.N.l\1. (>50 668 l26 
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( ftg: I ) . V~riants (fig. 2 I of these rypicnl 
speumcns h;l\·e longer rays. thicker centers, 
~nd show suture line::; cxwnding from rhe 
center to rhe m~rgin between rhe nys. 
This variant, or subspecies, is the common 
and nearly only form in s;unple TR-16, 
from approx imately the same: localit) as rht: 
rype sample. Tht holorype was from an­
ntlll'r sample from 1\olli of rhe Globolo/,tlt<i 
fob_, , robl!ltd ?:one. 

Di.11rib11tio11: Common in the (,/uburu­
ta/i,, {n/.1.1i rob11.1tt1 Zone ;tnd rare 111 the 
Cloboruulia [oh.1i /o/;"'" Zone: of Trinidad. 

D ISC01\STER PEN'I,\Hillll il 'll \ T.tn in Hok 

f) i,c.;(·r~u.c..;ler j ).f' lllnrucliotus TAK' S I J'\ ll lH:, 
1!127 . . Jaarb. ~ li jtl\\', :--Jedt>rl. l ndie, v . i\5 . 
p. 120, fig·. 2: sens. emend. RHA ,\1 LETT!·: & 
HtEil i·:L . Hl5~, Jour . Pail'ontolog;;.,·. 1'. :!K. p. 
·10 1, pl. :Hl, fig· . ll . text [ig·s. 2a , IJ. 

l?ell/1/rlc.J : t\ st<:roliths with five or very 
rarely six slende r rars. wirh long slc:nder 
b ifurc.trions at the ends. Commonly, nn<: of 
rhe: bifid spurs appears shorrer than rhe 
mhc·r. D. pcllltlrlldi<ilit.J is se:pnratc:d from 
some 5 rayed specimens of /) d>aihll.~eri 
by the c·xtc.:nde:d te:nninnl bifurcations. more: 

dc: licarc: rays, ;tnd less developed c<:nr ral 
nren. 

/)1.1trib11tirm: Very ra re in the C. loboro­
'"''" 11/Ctl<trdii Zo ne: of th<: Ciptrn seuion 
(a nd rhc:rdorc: nor ill usrrar<:d ) , but common 
rhrou ~hour tlw I:He: r Miocene: nnd PI iocenc 
of JYl; ny regions. 

IJiSCO!IS'I J.,Jl P!'llP I.I'X l ~ 

13ram lerre: & Riedel 
Pl. 7, fig. '5 

l!i.'f·(Ju.,lel· JICI'JI/cnts H tui~ I LI-:'I "I' I c & RI EUEI", 
1 !15-1, J our. I' a leonto lo)!·y, \'. :28. p. 400. 
pl. ;~H, Jig. D. 

i?c!l!tnk•: 1 his smal l form occu rs sp.trse lr 
in the: Miocene of T rinidad. and rhroughout 
the Lnt Teniary of ma ny region>. 

/)i1trilmtio11: R;m: 10 few in rhe Miocene· 
pan of rhe C:i pe:ro secr ion. 

lJi SCO!I~TER 'l i\NI OHNA'I l iS 
lktmlenc: & \X1 ilwxon, n. subsp. 

Pl. 7, fig. H 

nc,criptio!l: T his subspec ies is clear ly rc:­
J., rl:d w n. 1t111i 11odifer, and is commonly 
.t>sociate:d with rhnt subspecies, along wirh 

PLII' I I· 2 
(,\ II 'Jl<:cimen-; x2"0l) 1 

Page 

1 .'> clfl<' //(tltibur bchl/11/()1 l3 r.tmltllc & \XIikoxon, II. sp. (I) side view (uppe r 
specimen), TTOC 19.'\790, holorypc. U.S.Ni\ !. (J51) ()99, (2) long axis 0 
w crossed nicols. ()) I•Jng axis ·15 ro uoss<:d ni cols 118 

ti 5 Sj>l.nlloil!i.>u.J dilletl/111 ( Marrini !. n. comb. (·I I side view, T TOC 193 785. 
( 5) long ;Jxis ·15 to crossed nicols 122 

6 ') SpbellolitbttJ betcromorpf.,tt .l Dt:fLtnd rc:. ( 6) ,lc:nder fo rm, ( 7) common 
form, ( 8) lone~ .tx is -15 to crossed nicols. ( 9) long axis 0 w lrllSStd 
nicols. l3oth 'P<.:cimens from TTOC: 191125 122 

10 II .\j>bcllolit btt• pret/i,tc/11111 l3ram ltrte & \'<l ilcoxon. n. sp. ( 10) long axis ·15 
w crossed nicols, TTOC 19'>785, hol<>t)pe. U.S.N.i\ 1. 650 671, (II) long 
a xi> 0 w nossc.:d niculs 1 :!6 

12 1·1 Spbe!lo!itbttt flll!tlllor.rdi,u!l llramletrc· & \XI ilcoxo Jt, n. sp. ( 12) side- vitw, 
TTOC 19.17H5, hi) Jmy;x:, U.S.N.M. 650 67?., (I)) long ax is 0 ro crossed 
niwls, ( 1·1) long axi, •15 to cross<:d nicols I :!6 

15 20 -~f>bel!o!ttbtt.r opcmc11ti1 13ram leue & Wilcoxon, n. sp. ( .15) side view, 
TTOC 215 656. holorypc, U.S.N.M. 650 67), ( I (i) long :tx is l) ro crossed 
nicols, ( 17) long .1xis ·15 ro cru,,cd n ico l, _ ( 18 ) basa l vic:w in sil icone 
oil. ( ll) I bifurcate form , inr<:rn.ediarc: ro proge:n iror S. di•telltttJ, TTOC 
2 15(l'i6, pa ,·;aype, U.S.N. i\f o50 () 7•1, ( 20! long axis ·15 to crossed 
Ill CO Is 120 
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imermediare forms. The notch ar rip of rhc 
five rays is more: conspicuous 1n rhis new 
subspecies, and approaches a bifurcation of 
rhe rips. The nodes arc conspicuous. sharp. 
and common!)' occur as a p<lir on each side 
of rh<: rays. The cemral srar is larger, higher, 
and rhus much more: conspicuous than rhat 
wh ich may or may nor occur on n. '""' 
1/0difer. 

l?e111ark.r: Fig. 7 of pl. 7 rcpresc:nts an 
inrermediarc: form ben~·ee n rhc: n,·o sub­
species. 

Oi.rtrib11tirJt1: Common in rhe Red lllufl 
Formation (basal Oligocene} along "ith 
rhe name species of rhe I Jelicr!lpb,n·ra 
retictt!dtd Zone. Rarhcr widely disrribun:d 
in equivalent srrara, and in pan. ar least, of 
rhe overl ying G'. <~mj;/i"pert;;rd Zone, which 
is the: lowcsr Oligocene:: wnc rn rhe Cipc ro 
~ec ri on. 

Genus OrnrrORI !AilDL ~ 
13ramlerre & \'\lilcoxon, n. gen. 

Elong.He rhabdolirh-like form eirhcr taper­
ing or abrupdy decreasing from rhc en­
larged base, formed of calcite acring optical­
ly as a unir ( orrholirhid), and lacking rhc· 
inrcrnal ca nal of Rb<~bdo.rpb./(!1'<1. Complete 
specimens of another but undc::scribc:d 
species of rhis genus wirh about 15 radi­
at ing "rhabclolirhs" have been obsnved in 

type R upelian samples. Slljkou·.rktel/11 (:Hay, 
Mohler, & \'(lade, 1966) is somewhat sim ilar 
bur has a conspicuous open area in rhe basal 
pan. l?hrr/;c/nrjih.Jera) remifounir Bram­
lcrre & Su llivan, (!~Xi!) seems ass ignable t<J 

Stt iknu·.rkie!ld. 
Type: Species : Ortl.wr/;,r/;r/11.1 .IC'/Trtltt<, new 

spenes. 

0RTHO IU l t\1\D l ~ SE!Ult\' l l S 

Bramlette & \'\lilcoxon. n. sp. 
Pl. 9, figs. 5-l 0 

Triqlle/ror/wbr/11/11s sp. \!Ainlt-: 1, lfHi~ . Proc. 
X\'J JJ . Symposium of Colslon Res. Soc .. 
v. 17. 11. ·108, pl. :3u, rig. G. 

DeHriptioll: An orrholirhid species char­
acrerized by a rh ree edged rod. larger and 
norma ll y concave at one end ( prox imal' ) 
and rape ri ng to a po i nr at rhc or her. T he 
c:dges arc: serrate near the: la rge end. Lengrh 
J()-2() JL 

l?emdrk.1: Th i-; species differs from Tri­
qttetmrbc~bd!!ltn c,trillalm in having rhe 
marked asymmetry of a large base. se rrate 
edges. and in having rhe C-axis of rhe cal­
eire nor mal ro rhe di rc:nion of elo ngat ion. 
i\ larrini's Fig. 6 is of a T rinidad speci men 
of rhis species. bur his figs. <I and 5 appear 
w be p risms of a foramini fera l or orher 
shell and show oppos ite o ri cnr:trion of rhe 
cdcire. 

Pl.t\TE 1 
(All specimens x2700 J 

Figures 

I () ,\phellnlt!bl!.r lltorifomw ( 13ronnimann & Srradner), n. comb. ( 1 ) side 
view, ( 2) crossed nicols, ( .'\) basal view, ( 4) crossed nicols. ( 5) side 
view of more con ical form, ( 6) crmsed nicols. All ) specimens from 

Page 

r roc :206264 1:2, , 

7 ~ I(bllbrlo.rphaer,t rp . (I) side VIC\\, (fl) long axis -15 ro crossed nicols, 
TR 16 107 

9 12 C;dococcolitl.w.r leptoporl!• ( i\{urray & 13 lackman ). Kamp tner. ( 9) proxi ­
mal ,·iew of separared disml shit:ld onl y, ( 10) crossed ni co ls, ( II ) p roxi ­
mal l'icw of complete coccolirh, ( 12) crossed ni cols. 13orh spec imens 
from T R 16 10.1 

I 1-1 '5 Cnaolitbttr pelagtw.t ( \XIa ll ich}. chil ler. ( J 3) disra l ,·iew. ( 1") crossc:d 
n icols. ( I 5 l phase conrrasr. TR 16 1 02 

16- 17 C) clocnccnlitbm ltt.ltldtllcu.r (Black). Hay, Moh ler & \'\lade. ( !6) cl isra l 
view, ( 17) cros.ied nicols. Red ll luff (S\'1' I ·, scL 28, T 7N, R IOW . 
Mississippi ) 103 
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OJJiribiiiJOII.' Common in the Cala{!Jldrax 
di.r.rimilir Zone of the Cipero 'ection and 
rare in the Globigerina!cl!d illr!IC! /11 Zone: 
small specimens of similar form are sparse 
in Terriary c: + 5 of l ndone ia. 

Genus 0RTH0Zyt,L S 

Bramlette & \'V'ilcoxon. n. gen. 

This genus is unusual 111 show ing the 
optical characrer of the orrholithid group. 
bm in having a Z)'golith-like form. with the 
bridging of the elliptical rim across the top, 
as in ZJ [!, OSpbaeril of Kamptner ( 1917). 
T he: unvarying high rc:fringence in plan 
view and the maximum :1nd minimum re­
fringence with rotation in polarized light in 
side vit:w indicates an ortholithid construc­
tion similar to Dircoo~su: r. 

Type Spec ies: Orlboz)g"' (1//rei/J ( Smid­
ner), n. comb. 

Own-I OZYCU~ t\LJREL.s 

(Stradnu). Bramlem: & W' ilcoxon. n. comb. 
Pl. 9, figs. 1-'l 

Zt!.r;olithu.~ 1111/'CIIs S THADKI·:Il, UHiZ, Geul. 
Bundesanst. (Wien), p. :JGS . pl. 1, figs. 
:3 1-%. 

/~e/1/drk.r: The distinctive wide bridge 
across this small elliptical form is evidenr 
in plan view, as is the unusual height of 
th is compk:x br idge in side view (Fig. ) ) . 
The original drawn figures of this species 

were somewhat m1sleadi ng, btH specime ns 
kiPdly supplied by tradner confirmed our 
identification, as d id a !mer phorog raph br 
Stradr.c:r. Length aboul 7 I'· 

Oi,Jribll!ioJJ: Presem only in the Globigt 
rill" "'"fJii<~f'er!JII'tl Zone of the Cipero sec­
tion. and in the somewhat earlier Oligocene 
Red Bluff ( 1-J e/icrnf>ht~era reliw!t~ta Zone). 
and the: !are Eocene of Mississippi. Origi­
nally described from the late Eocene of 
Austria. 

Genus SPI I FNOI.!TIIl 'S 

Deflandre i11 Grasse, 1952 

Exceptional attenrion is here given to 
specic·s of rhis genus bc:cause of near!) 
world-wide abundance, and because grad:r ­
tional forms indicar<: a ph)'logenet ic se ­
quence recognizable also in the stratal suc­
cession of Jo ides b,lrings, Europe, and In­
donesia. The sphenolid1s of this genus in ­
clude various modifications of a basic struc­
ture of spinose elements mdiating from the 
cc:nrer of a depressed basal ( proxim,1l) area 
where the sp ines are lacking. Typical ly with 
the apical spine or spines longest, producing 
the: usual wedge shape. The spines. other 
than the big apical spine characre risl ic of 
some species. are rather thin or de licate. or 
quire robust in samples with al l specimens 
more heavily calcified. 

Associated with a persistem stock of tilL 

PLATE ' i 

( All specimens x2700) 
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1-1 Coccoli!bu.r cf. C. sciJStti'IIJ ( Hay, Mohler, & \'V'ade), n. comb. ( I ) distal 
view, (2) long axis 45 ° ro crossed nicols. TTOC 2L5656 102 

)-5 C;clocorcoli!bus neogrlllllllillioll Bramlette & Wi lcoxon, n. sp. ( 3) prox i­
mal view, 1TOC 193265, Holotypc. U.S.N.M. 650 675. ( 4) crossed 
nico ls. ( 5) side view in viscous medium 10<1 

6- 8 Coccnlilbtts eope/,,giwr ( 13ramlcttc & Riedel). Bramlette & Su ll ivan. 1 6) 
proxima l ,·icw, ( 7) long axis 17 m crossed nicols, ( 8) phase con-
trast. TR 19. (Riedel recollecrion from locality of TTOC 19.'>265) I 02 

9-10 Coccnli!hu.r aff. C. bi.recltt.r (Hay, 1\fohler. & \'V'ade), n. comb. ( 9) proximal 
view, ( 10) long axis 0 to crossed n icols. T R 19. ( snme locality as 
above) 102 

11 I"> Coaoli!/.11/s bi.rectus (Hay. Mohler, & Wade), n. comb. ( II ) distal v iew. 
low focus, ( 12) high focus, (!:))long axis 45 ro crossed nico ls. TR 19 
( same locali ry) 102 
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mOrl' bulbou:, sphcnoliths tncluded in \. 
mrmformn. and the similar ). <1bie.1 of the 
l:w:-r Teni ary. :u-e the: more distincrive forms 
'' ith a singlt: :tpical spine which show the 
lill(:agc: dt:,·elopmem from S. predil/l!lt/11< to 
S. di,t elil/11 to\'. c'I/JUoe/1<11, and kss clearly 
ll1 S. bel c ;t!IIO 1. 

l)imorplliSm in sphcnolirlb Df .1 spc:cics 
mar be: imliutc:d bt:causc the disrinuivc 
fol'lns rcprc:seming this lineage an.: con­
sistcnrlr associatt:d \\'ith more ,rbundant 
spec imens of the .\. morifonmt rypc which 
sh<Jw I i ttle obvious d i fft:rcnccs throughout 
the succession from the Paleocene. 

The radial spines of Spbe11olitbltl arc:: nor 
distinct in a Canada bals:1m moum except 
between uosst:d nicols. bur their number 
and arrangem<:m is c,· idenr in a Jm, index 
medium such as siliwne, in \\'hi ch speci­
mc:ns wet<:: turned for study. Characrcrisric 
features of a ll tht: spccic:s :m.: most obvious. 
however, from exami nation berwec:n crossc:d 
ni cols if rht: specimc:n is rmarcd to the two 
positions of J;,lrallel w ;1 nicol. and ar 115 
T he illustrations shm\ these: rwo positions, 
bmh of which arc: c:sscmial for rhe distinc­
tion of the b1sic wmrruuion of a spec ies. 

Trpe Sp~:cies: \·f, bc: l!o!tth/11 r,a/;<1!11 D<.: ­
flandre i11 Cr.tssc, 1952. 

S PH ENOLITH l'S BELE~1 NOS 

flram letre & Wilcoxon , n. sp. 

Pl. 2. figs. 1-'\ 

VoL 'i 

/) crcriptitlll: Spheno li rh is sma ll , narrow. 
dan-shaped in side view, wirh depressed 
base consrrucred of about I 0- 12 sp ines tha t 
constitute about one half ro one thi rd of the 
length. The sphenolirh shows a uniform 
ra per up w rhe poimed ap ical spin e ( fig.') ). 
i\ !uch shorter l:rre ral sp in es. c:xrc::nd ing up­
\\'ard, arc indicated between trossecl nicols 
in rhe posicion with the main spi ne (ap ical) 
at ex uncnon. 

Nc:lll<lrk.r: Thi s speci es is most distinctive 
<lnd eas ily recog~ ized between cro.;sed 
nicols. particula rl y with the ap ical spi ne 
parallel ro e ither of rhe nicols and rhus at 
exr incti on. 

Di.~triblllirm: In rhe Cipero sect ion, chis 
speci es is common on ly ir1 rhe Cataf!J)'dra.x 
.11ai11fortbi Zone bur with some small speci­
mens in rhe Cataf!J')d!<IX dis.rimili1 and , /o ­
/;orot ,di" k11gleri Zones. lr is widely dis­
tributed in approximately equiva lent strata 
of lraly ( upper Pteropuclma rl near Torino ). 
Joides No. ) boring at 26 1 fr. , in Div. e 
1- 5 of Indonesia, some cemral Pac ific co res, 

:1 nd prcsem in Saucesia n Stage of California. 

PLil 'l E 5 
(A ll speci men s x2700 1 

Figu res 

I 2 /l fnrl<~f!Urd 11111/;i/nm ( Le\' in J. Levin & Joerger. (I) prox imal view. 
( 21 long a-.;i s 0 w crossed nicol s. Rtd Bluff. ( S\Xf I 1• sec. 28. T7N. 

Page 

RI.O\X', Mississippi ! IOl 

;_q Oi_rco/i;bill<l 1 ignllijr!l'ltl<i ( K:unpmer ex Deflandre 1. l.ocbli ch & Tappan. 
( 1 ) d ista l view, ( 4 I long axis '15 m crossed nicols. TR 20 10'1 

'i - 6 Di"-olitb;n" cf. 0. ,miJotrc: Jllct ( Knmptner ), ()J d istal ,·ic\\'. (o) long 
.1xis ' 15 w crossed ni coh. rrOC 178~HH 104 

7 11 Corono() c/111 niteJcenr ( Karnpmc:r ). n. comb. ( 7 1 distal (~)v i ew. obi ique 
light, (H) crossed nicols T'TOC 20626'1 I O_J 

9 10 1/e/ico.rf'b'tertl fi<~r,t!lelt~ Bramlerrc & \XIil coxon. n. sp . ( 9) 
Tl\ 20. holorypc. U.S.N.i\ L 650 676. ( I 0) long axis ·~5 
nicols 

dista l view. 
co crossed 

11-12 /{e/ico .ljJb.tertl .tff. //. telllin;d/1111 Bramlette & ullivan. ( 11 ) d istal vr ew, 

106 

( 12 ) long axi ·15 ro crossed nicols. TTOC 193785 106 

I; 1·1 !!.elllcr!lfibtlerll obliq11<1 llram lene & \XIilcoxon. 11. sp. ( I;) plan view. 
I lOC 1 7 H~~~. holorypc. U ... i\1. 650677. ( 1'1) long ax is 4) co crossed 
mcols J 06 
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SPIII:i'.OI.ITII L s CIP I ; I(QFN~ I S 

Bram lette· ,";. \X' ilcoxo n. n . ~ p 

Pl. 2. figs. 15-1 ~ .. rnd ;tff. 
in figs. I 9. 20 

/J t ~<11{1/ln/1: Sphc:nolith ~m.tll. \\'ith nc.trl y 
uniform t;tpe r from b.tse to ti p of :1 pi cal 
,;pine: abot;r I 0-12 spi nes ,rround the dis­
ti net! )' depressed bas.tl an:a. A pica! sp i nt· 
pointed in most spc:(imcns but slightl y lll 

strongly bifurc:Hc in some- otherwise iden ­
tic:tl forms. The sp ine consists o f walcsced 
unit s of c:rlcire of slighrh• different orintt:1-
tion ( ob,· ious \\'ith supnimposed quarrz 
plate 1. hence docs nor norma lly show com­
plc tC' exri ncri on bet\\'cc· n crossed ni co ls of 
the :1j'ical spin e in position p:tra llt:l to c-i rhcr 
niwl. 

/( e/1/.llk• : Al though small , this fo rm is 
conspicuous bctwetn uossed nicols. having 
a panicul arly distincti\'e appcar:1lKC \\'ith 
lcng'h of specimen and apical spine at •1'5 
ro either nit,ll ( fi \i. I~ 1. !n rhi s oricnt:tr ion 
the o .tinuion lines do not uoss bur appea r 
as two <lUr\\'a rd cu rv1ng ( chenon-likc ) 
lin ts, wllh the br ight area cont inu ing be-

t\\'ten them w the base, in cnnrrast to the 
appearance of S. diflell/11.1 ( Pl. 2, fig . 5 I 1n 
rhis orien tation. 

Sim ilar in size and dan-like sh:t pc ro 
\. lnlen111 n.•. bur the distinction is ob\'ious 
bt·twcen crmsed ni cols. Similarity ro ). di.I­
ICI!Iil.r is appa rent in the com pound api ca l 
spine and cc ndcnc )' for bifurcation o f this 
sp rnc. Some overlap in occurrence. includ ­
ing intermed iate forms ( Pl. 2, figs. 19-20 l. 
indicate thar th is species developed from 
S. diltel!lil.f, and in rurn ga,·c rise to th(' 
Lm:r S. be/eil/111!1. 

Di.rtrib111irm: Common in tht ClrJbigcrill .t 
cipcroe/1 11.< ciperrJell.i!.r 7.one, and sparse in 
rhe Cloborottditl ojli111c1 oj>i111<1 7.one of d1 e 
Cipe ro secrion, and in approximate!)' cq ui\'a­
Jc.m srrar:1 elsewhere; prcscnr in :t sam ple 
fmm Escorncbeou, France rece iYcd from 
Drooger, whi ch ht· cor relates with type 
Chattian on the b:tsis of the species of 
J\l iog)jl.rill<l and Lepidoqcli11a. Common in 
.J oides No. 1 boring at 73 ft. m approxi ­
mately 150 ftc:r, in the subsu rf:1cc Hack­
berry Formatio n of Texas, and in T crri :try 
c 1-'\ of Indones ia. 

Pl .tiTI' C1 

( All specimens x2700 J 

Figu rc·s Page 

I · I 1/elim•ji!J,"'r,, .nllf!llt!f1Crld 131·amlcrrc- & \'(lilcoxon. n. sp. ( I ) distal view, 
TTOC 17SHSH. holotype, U.S.N .i\l. o'50 o7H, ( 2 J long axis 15 clock"·ise 
to crossc:d nicol s, ( .1) long ax is 52 clockwise ro crossed nicnls. ( 4) 
proximal ,·iew. TTOC 17HHSR para t)' pe, U.S.N .M. 6'50 679 I 05 

'i R ll dico.I{Jbdcrtt C!JIII jitl<"lt.! I3r:unletre & \1(/iicoxon, n. sp. ( 5) proximal view, 
TTOC ICJ )7il5 , holotypc. U.S.N.i\f. 650 680, (6) long axis 20 - clock­
wi se w uosscd ni cols, (7) distal view, TTOC 19378'5, pararype, U.SN.M. 
650 oR!, (8J long axis ,i5 ro crossed ni co ls 105 

') 10 lf elico.r f1htlera wrleri ( \1(/aJiich ) . Kamptner. (9) proximal view. ( 10 ) 
long ax is i'l5 clockwise m cross<.:d ni cols. TR 17 ( Riedel rccollecrion from 
localit)' ofTTOC 1 7 ~~RH) 105 

II I:! H ellcfJ•jJ!)del'tl iiiiCIII!edi" j'vlnrtini. ( II ) proxirn ~ l v1ew, ( 12 ) long ax1s 
·15 ro crossed nicols. TTOC 19)265 105 

I) I I [ ! eliro.rpbal'rtl 11"1/IICtlld Bram let te & \Xii.lcoxon, n. sp. ( 1.')) proximal v iew, 
holorn)e. U.S.N.I\f. 65 06~2. ( I ' I ) long JXis 0 w crossed ni cols. TR 20 
( Ri edc:i recolk:crion frorn locality of TTOC 2 15()56) I 06 

J '5 I h!lcl!.<j1h.ier.t retnlllat<~ llr:tm leue & \'(l il coxon, n. sp. proximal view, 
Red 131uff ( SW I "sec. 28. T 7N , R I OW, Mi ss issippi ), hu loyrpe, U.S.N.M. 
650(iR~ LOG 
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I'll JiNOLITIIl'S OISTI·:j':-Jl ~ 

(Martini). Bramkm: & \.X'ilcoxon , n. comb. 

Pl. I, l'ig. 5: Pl. 2, figs. 1-5 

l·'urru/!Jiilluts di>;/eilltt.s 1\fAHT!:'\'1, l!llifi, 
P roe. XV III Symposium Cobton rtes. 
So<'., v. 17. p. '107. pl. :35, fig-s. 'i-!) . 

Nc/1/,trl•: t\ peculiar form of \pbcnoli 
,;,,,, ll'i!lt the large .tpical :;pine largcl)' ob 
scunng the basic spinose archittuurc of 
th<: genus. About I 0-12 shon bas;il spines 
form a dt:pn:ssed base anached w .1 sligiHI) 
con,·ex h;Isc on the large apic1l spine :pcci­
mcn'> ll'llh '!rongly bifurcating apiul spine 
art ne:HI) '" uHnmon as shorter ones ll'ith 
poimtd tip 1 h:H arc much Ic:s-, conspicuous. 
The .tpiul >pil!L cunsisrs of coalesced uni1s 
of mkit<: of sliglnlr differc:m optic:tl orien­
t.ltiOil. Despite 1he m:u·ked difkrenu: in 
;~ppearance of specimens with and without 
the strun14 bifurc;uion. rheir consistem .tsso­
ciation. gr.Jcl:ttion.d fornb .. llld similarit) 
<Hher" ist indiClte .t '>ingk specie:s. Pe:rh;ips 
these rt:procm dtmorphous forms on ;I 

single II\ ing u:IL ;ts II'Hh some nm\ li\1111.\ 
coc'colll hoplwrids. ' 

The .q11cil sp ine is c:asily separated fmm 
ilK short b:tsal spines, parricularly in lite 
poody presence! specimens of somt sam 
pies. ;\dditiolt:d examination of the Scripps 
deep se;t lOr~ i\ IP r0 -1 from which r\I.Irti11i 
dc~crihtxl l'm"C<~!olilbll.i diJicll/11.1 slioll's rl1.1t 
his specimen reprc:semtd onl) tltc· large 
apic.tl spine. Otlttrs "ith the b;ts;r] spines 

11m separ:1rcd from rhc big apical one arc 
l'resem in rhis core sample. ;!long with more 
common specimert:> without the striking 
bifurcation of the apiul spine. 

Oi•lrib;;tirw: Common, although rt:l:rtive-
1)' sm:ill, in the (;/obo/11/a/i" ojiill!tl oj>lllld 
7.ont: of Trinidad, "irh fewer t)'pical forms 
and intermtdiart ones occurring with S. fm 
.!11/U!IIIi in the (,/olngc>ill<i .!!llj>li,lf>C>IIll.! 
Zont: ;t fc"' forms imermcdiatc bctll'c:cn 
t)'plul \. di.rlcllilfl ;tnd S. rijiuounn occur 
111 the Ct'lobigcrtlld opcmtllliJ oj>crou11i• 
/.one. l:spec i.lll)' large:. ;tbundam and ht:,l\·ily 
cilcific:d in Joides No. 1 boring from 278-
)()., fcc:t, wi tit ft:ll'u spL·Ci mens associ:ned 
"ith \'. f"cdi.rtl!llll/.r on down w about 'iOO 
ft. P1·escrH in rhe Rupelwn of Ct:rmany. 
;111d assoLiated ll'ith \. jlrctfi•tclliltl in the 
type: 1\upc.:li:ln of lklgium; .tlso in T c:n iary 
c 1-' or lndonc:sia. The· sample j\ IP · 10- 1 

\\',IS ,1ssigntd by i\l.mini to the: C. di11illlili• 
/.1/lll' of llolli. but h01h ilK· ll<lnlHlpl:utkwn 
and lor:uninikra ind!Cl!L' that this s;unplc 
should be pbu::d 111 the upper pan of the 
(,/"/;;g,; Ill<~ .!lltjllt.!jlu!/lt" /.one or lmu·r 
(, 1"/}!Jm/,d i" o pim,, o /'1111<1 ZllnL. 

'->1'1111'<01 rlllt ~Il l ;' ! I HO~IOHI'IIt \ 

Defl.1ndrc 
Pl. ~ . I igs. (,.l) 

Stiltellulilltl/.s hl'lr•l'llt>ll'/lir/l.s .J )EI•' L AND HE , 

10!5:1, C. It A<'ad. , t. [ l'a•·isj. v. J:l7, p. 
17Hi5, l'iS!i, fig:s. l, ~-

1\ctlttll·k•: This sphcnolith is \\ c:ll illus-

Pi.tl'l F ~ 

I ' 

(;\II spcumcm x l-()() 1 

P.tge 

/Jr•uu•tu l!rg!uJ i\Ltn1nt <:< llr.unkue. 1 I 1 Trpiul form, lbrraLkpore 
Oilfic·ld \X't::ll 'IT.! llolli loLIIIl)l 121 1)./wglm 1.1r., TR 1(, 110 

/)iil'h/1/t>l 

I )/1( I! dilL I 

I), I Olr..il/('/ 

l \;//.1 !\l.1mni & llramkm·. Plust: COntr:lSf, T R I(, 

rlcjl,mJru llramlct IL' c'-: Riedl' I. From r mc. 215(t'Sh 
j>aj>lc.\1/i llr:tmlul<: "'- l{iedcl From r roc: I"HSS9 

II() 

l()l) 

112 
(, I !1,, "·"" 1 <~Jrlllltllli<l!• Llr.tmkrtL & \X'ilcoxo n. 11. sp. Fmm T TOC. 20(>26-1. 

lroloii'J'e. l '.S.i'<.!\1. (>51) (,H 1 I OS 

S /)'" 'U•Icr r.tlll om.tl/11 llrnml<:tt t: ,:;, \'\'ilcoxon, 11. subsp. ( 7) form inter­
nK,Iiatc '' lth n. /,/1/1 1/ndt/a. (HI holmypc, lJ S.N.i\ 1. (>'50 ()S). l ~oth 
'l'eLI!llcns from TTO( 191~1-i'S 112 

/)1'<'''"'/cr b,mMI!li \Llrtllll & Llr.unleltt. ( t)) plan vie\\. ( I() 1 sidt: vic\\. 
I II ) side \!10.\\' !) [() crossed nicols. Bo;h specimti1S from rroc 
I i-ii>'Jil II 0 
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rrau.xl by Ddlandrc: and F<:n ( I ')5·1) and 
our form~ :trc: idc:ntical to those: in type: m;~­
tc·ri:tl ( from C:onsr.:t:, Bay) supplir.:d b) Dc:­
flandrr.:. The: appearance between crrlssc-d 
rricol:, is ch.tr.Kterisric, p:tralld wand :ll ·15 
lO the- nicoh, as ~ee r1 in the figures. tudy 
.I t ,·arious orienr:ttions in .1 'iscous me-dium 
shows thar a seric·s of eight or nine spines 
'urround the: deprr.:s,ed basal :rrea lacking 
spine·,, wirh radiating shorte r spines abnvc: 
prmluci ng t h<: black cross br.:t,,een cnhsc:d 
niwl' \\'hen the: single- big ;~pied spine: is 
a1 extinuion position (fig. 'J!. This apic.tl 
spin<: ,·ari<:s markedly in l<:ngth ami robust­
ness (pl. .:!, fig. 6, ,lender f<>rlll!. Differs 
from 1·. r,rdi,ll!l Ddlandr<: most obvious!) 
in dl.tt the: big apica l >pine: .tus opticdly :1' 

a single:: uni1 of calcite. 
IJ!I/rlb!l!ltl/1: Common in lite: (,/obigui 

llil!cll<t i/1111£·/,, and (,/ohoro/,di,, Jolni ;,,m 

'""£ 1/1/.r Zonr.:s of rhe C:ipern seetion. and 
\\'idc:spread 111 :1 pproxi maiC:I) equ i ,·:dc:nt 
srr:rta includn1g mosr of thr.: type Langhian 
of Italy, some P.rcific der.:p-,r.:a COlTS . .Joid<:s 
Nu. -\ boring .tr I ~0-.255 fc:l't, Tc:niary f I 
of lnd onr.:sia, rhe ll. (;alizian Stage: of Call­
lnrnia. and the origin:tlly ckscribed occur 
re::rKC:: 1n 1Jarb:1dos. 

SPIII;NOL ITIIL S MOIU H)H~II~ 
( llronni rnann 0:. S1r.rdner). 1\r:unlc-ncr\. 

\X1ilcoxon, n. comb 
1'1. 1, fig:,. 1-6 

. \"fiiiJWfi(J'bdlo '"nri!"ornt/s BH0:\'~1:\t '~" & 
STilAD:-:1-:Il, !9!i0, J.; rdoci-Zeitsc:h rill, v. 7G, 
p. :HiS , fig·s. I 1-.1 !i. 

s1,henolitln1R ]Wtific11N :'ILIHTil\:1. l!l65, Proc. 
X\'ll, s,•ntposium of Colston Res. Soc., 
v. 17, p. 407, pl. 36, l'igs. 7-10. 

/{( m<~rk.r: The numerous radiare spines 
show a bulbous form in side ,·iew, as the 
.rpical 'pines nrc nor much longer than the 
latc:ral onc:s. Abour ten spines su rround the 
basal ckpress<:d .1rea. Size varic:s great!)' in 
this mosr abundanr species of rhe genus. 
The typical form gradua lly becomes some­
" h.Jt more mn ical ( fig. 5), and seem; to 
grade by increase in relari ,·e lc:ngrh of apical 
spines through rhe Miocene. to S. rtbier of 
the: !arc Miocene and Pliocene:. Variations 
and the gradual change in populations, how­
eve!. made i 1 i m pr:tnic:tl ro d i ff<:rentime 
the 1\\'0 specie:, within the Miocene parr of 
tht: C:rpc:ru 'c:uion. !3ramlttte has found rhar 
in deep-sea cores the normally smaller form 
of 'i. <~bier continues <tbundant until :111 
abrupt dis.tppr.:arance near tht middle of the 
l'licoenc:, <tnd bclievts this offers a signifi ­
cuH su·,trigmph ic dawm plane. 

V:mation in the: ckgrcc: of ca lcification of 
the spines is \Try markc:d in different sam­
ples, apparently due in large parr. at Jeast, 
w di.rgeneric .tddirion of excess calcire, and 
can result in coalescr.:ncc into nc::t rly solid 
forms such as the: holorype of Nal!'iliJI!fr ­
ln.;lil monjon/111. In sul'h sptcirncns, how­
eve:!. the gc:nc:r,tl uu ter form and cha raete r­
rstic r.rdial strucrun: ccnrerccl near rhe base 
rcm.rin ;~pp:ucnt bet\\'<.:<:n crosse-d nicols . 

/Jniub!llirJII: Common in the Cipero st:c­
tion .. 1lld from the Paleocene w Miocent: ,,r 

Pf.!ITI ~ 
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2, o, I, 
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( A II 'pcci n1cn' x2700) 

PagL 
Oncrur/u cf,,tffcl!gat Hramle::m· 1'-.:. Riedel. From TTOC 17Si:l89 I 09 

O!JOJti.tlct £.\l£'1/1111 llramlenc: & \\' ilcoxon, n. sp. From TTOC .20626-1, 
lrollllype. U.S. T.}-f. 650 (,i-;(, ll 0 

Onco.tl!cr c.\l£'111111 l3r.rml<:tt<: & \Vilcoxon. n. 'P· From TTOC .20626- 1. 
p.~r;~type, LJ.S.N.i\ 1. 650 Ml-. (,)() M>8. 6'50 CJWJ. (,50 690, 650 ()t) I. (,50 
092 I 10 

Ctlin.ohr m,r/iiiiJ i\l:lnini & l3r:tmlerce. (<)) sidt: ,iew, ( 10) plan vic\\. 
llmh '>pe::cimens from TTOC 1-8~8<) 108 

O!ICIJ.tl/cr /;o!/11 i\larrin1 & [)ram lute::. From TTOC: 1 78~90 I()<) 

Oi1coar1er bro!nlcu T.1n Sin Hok. From TTOC 17881)0 109 

( .l!iii.!IIU c.drm/;/1 i\fanini ,s.:_ 1\ramll'nc. From TTOC 178WJO 108 
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many reg ions. Originallr recorded from rhe 
Alkazar Formarion (L. Eoc<:nt ) of Cuba. 

I' l l ENOLITHL"S PHEiliSTENTl 'S 

Bramkm: & \\1 ilcoxon, n. sp. 
Pl. I , fig. 6 and Pl. 1. figs. I 0-1 I 

De.rcrijilion: Spheno lirh \\'irh .t large 
apical spinc. flar or slighrly depres,ed at 
rhe bast \\·here anached ro a single annu lar 
ring of I 0-12 lareral spin<:s. t\ pi cal stem 
r.tpcrs srrongly for abour h<li f irs length and 
rh<: n oraduall)' ro :t pointed or bifurcati ng 
rip . lkr\\'<:<::n crossed nicols the: ap ical spin~ 
appc.:ars w bt formed of coakscc.:d calcite: 
units of slightly difftrc:nr oprical orienta­
tion. 

/?emtlrk.r: This species is similar w and 
clearly grades inm S. di.•te/1/lt.•. Wirhin the 
intc.: rv:t! of rhcir overlap in range rhc dis­
rincrion is difficult excc.:pt as populations. 
OdKrwisc.:. hem c.:w:r. rheir occurrc.:nce in 
Luge number, and man) places permir cl<:ar 
di ffc-rc:nriarion. and rhc.: suc<.tssion of rhcse 
raxa is of ob,·ious srrarigr:tphic significan<.e. 
\'i' i rh the.: apical spine :u •15 w rh<: crossed 
nicols (fig. 10 ; rhc: small bas.tl spines of 
S. prcdi.rlcitlltt appear as arr:rtlwd w a near­
ly flat base of the npictl spine, which broad 

bas<.: c:xrc.:nds l:uc:rally as much nr mo re rban 
the: r:tther inconspicuous basal spines. l n 
similar 1 iew . .\. di.tl!!lllll.r (fig. 5) shO\\'S 
mur<.: conspicuous basal spines and rhc: c:x­
tinuion linc.:s ex rend up" ard rn overlap 
.some: of rhe base.: of the apical spine. 

/)iii!IUI!tioll: Cummon in the (,/obigentlrl 
<itlljlli"f'(r/llr<i Zone: .rncl fc:w in the c;J,,/;om ­
t,di.; oj>it/1,/ nj>;lltil Zone of Trinidad. Occur:-. 
in rhe Red ll luff :tnd Vicksburg Fornuriom 
of i\ fiss issippi, in Joides l o. ) ' boring from 
ahour _)00 fttt ro 500 kr:r. ,tsso<. iatcd wirh 
\. clll/eltlt!J in rhc rype Rupc.: li:tn of Bel­
gium, in rhr.: "Sr:1rnpiano" of Sacco in norrh­
nn l raly, in parr of rhe Terri:tr)' d-e of 
lndonl'si:t, and in some Pacific decp-sc.:a 
corc:s. 

SP II Ei"OLI "I II l S PS FL DOHi\1> 1 i\ NS 

llr:rmlr.:rt<.: & \XI ilcoxon, r1. sp. 
Pl. 2. figs. 12-1 · I 

lhr<"nj){ion: Ltrge sphcnolith wirh big. 
"idc.:-flaring dis[;[ I spine: and r:tdi,llc: spines 
irr the: b:rsal parr. Rc.:cogni;:cd wtth crossed 
rriLuls as a large: form wirh rite src.:m r,rpidly 
rapc.:ring from near mid-poinr to ct very 
slightly bifurcaring rip. Srcm ulmmonly 
irn:guLr rly sc:rnm: along the r:dgc:s. T he: 

P i. A 'I I' 9 
(All specimens x2700 J 

Figmes Page 

I -' ! Or//JftZ_lgtl.r <llti'CIIJ ( rradner ). n. comb. (I) plan ,-icw, <2) high focus, 
())side: vic:\\, ( 1) side: ,-ic\1, long axi:, ·15 to crosst:t! nicols. IJotlt spc:Li-
mens from TfOC: 19'>7X5 II(, 

5-10 Ortborbt~bt!ltf ll"!Ttlllr.t Br.unlc:rrc: & \XIilcoxon, n. gc:n, n. sp. (51 sidt 
view, holorypc, U.S.N.J'vl. (,5() (,9.), ( (J J long ax is 15 w crossed nicols. 
< 7 l side: vic:\\, par:tr) pe, U.S.N.llf. (>50 (J9-I, (X) long :rxis ·15 w uossed 
niwls, ( 9) pl:rn ,·iew , par:trypc:. U . . 1 .i\ 1. (,)() (J95, ( I 0) end vic.:w of 
tilrtd specirm·n. pararypc:, U.S.N.i\1. (,)() <'i96. r\l! specimc:ns from TTOC 
20626·1 I I <i 

Il - l.) St<tllrn!itbiteJ lttlllltllt.t Bmmltlle & \'<1 ilcoxon, n. sp. ( 1 1 J 
TTOC 193 7X5. holorypc.:, U.S.N.i\ 1. <'i50 697, ( 1.2) long axis () 
nicols. ( 13) long axi:-. 15 w crossed nicob 

plan view, 
rn nosscd 

101-l 

1<1- l(> TtHflt£/rorb,tbclltfl!l urillrllllt i\ larrini. ( 1'1) plan "ic:w, ( 15) long axi~ 
15 ro crossed nrwls, ( 16) plan 'ie" of differem specimen. llmh spr:ci-

nwns from 1TOC 20(,2(,.2 1:2H 

17- 18 '! ritfltl!lrorb,,bdl!lm mgow• Jlr:tmlc.:rre & \XIi!coxon, n. sp. ( 17) side view, 
p:trarypc, U.S.N.i\L <'i"iO (,98, ( 18 J plan vit\1, holmype. U.S 1 .i\ l. 650 (>99. 
florh 'lx·ciml'ns from TR J{, J2X 
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broad apical spi ne is formed of rwo or more 
coa lesced calcire uni rs of slighrly d ifferem 
ori cnrarion and shows srrong relief along 
rhe median line. The slightly depressed base 
is com posed of abom cighr sp ines wirh nu­
merous lareral spines above ir. 

l?e!llrlrks: This species differs from S. 
rt~diall.r Deflandre in having more widely 
exte nding spines; in possessing a broader, 
flar ing, commonl y serrared srem and slight­
ly bifurcated rip. 

Di.rtrib11tio11: Rare in the Globigeril!a 
cllll/'liapel'!llrcr Zone of rhe Cipcrn secr ion. 
Obse rved in Guam, Barbados, and several 
ce ntral Pacif ic and Joides co res of early 
Oligocene age, and in rhe upper Eocene 
Densin yama Form arion of Saipan. 

Genus TRIQUET1(0Ril;\HDL1LUS 
Martini, 1965 

t\ rhree edged rod with rhe keels abour 
I :20 a parr, and wirh poimed or subrou nded 
ends. The or ig inal descri prion is emended 
here ro indicate rhar rhe orthol irh id form 
has rhe opric axis of rhc calci rc parallel ro 
rhc long axis of rhe rod and nor ar righr 
angles ro rhe rod as srared by Marrini. 

Type Species: Triqllet rorhabdllills cm·incr ­
l!t.f . 

TRiQL' ET RORHAilD\ IL\iS C,\I(JNAT US 
Marrini 

Pl. 9, figs. li-16 

T?·iqu el?·nrlwb.rluhrs ca?·iJwtus MA HTi r.: r, 
l9G5, Proc. XVII, Symposi um of Colston 
Res . Soc ., v. 17, p . 408, pl. 36, figs. 1-3. 

l? emarkr: t\ pararype (fig. ) of Marr ini ) 
was from parr of our sample TTOC 206262, 
and spec imens like his less rapered holorype 

are also presem in rh is Trinidad sa mpl e. 
Obvious and easily idemif ied berween 
crossed nicols when ori emed ar 45 ° ro a 
polarization plane where ir shows max imum 
birefringence. The opric ax is of calc ite is 
parallel to rarher rhan ar righr angles ro rhe 
long axi s in rhe rype spec ies, requiring our 
above eme nd at ion of rhe ge nu s. 

Di.rtrib11tion: Commo n in rhe Glnbi[?,eril!a 
ciperoen.ri.r ciperne11sir and Globnrnlalia 
k11gleri Zo nes and rare in rhe Ca!ap.rydrax 
di.r.rimili.r Zone of rhc Ci pero secrion , and 
in approximare age equivalems of some Pa ­
cifi c dee p-sea co res ( includ ing one of those: 
stud ied by Martini ) , in Tertiary e li-~ of 
fn dones ia, and rare in rhc Sauces ian Stage 
of Cal ifornia. 

THIQ U ETHOIUI!\HD LI L US RUGOSUS 

Bram lenc: & \'V'ilcoxon, n. sp. 
Pl. 9, fi gs. 17-18 

Description: Pecu li ar, clonga;c, orrholi ­
rhid form assigned here, alrhough qui te dif­
fer(;'nr from rhe ry pe of rhe genus. The 
rwo more extend ed edges, nea rly in rhe sa me 
plane, are rarher rhi ck and rugose. The 
median ridge is low bur sharp and nor 
vis ibl e in side view (f ig. 17) because ir 
apparenrly li es in a median depression. One 
end is norm ally more po inred rhan rhe 
orher. Mosr specimens are about one third 
as broad as long. Lengrh 15-20 I'· 

l~ emark.r: Less calcified spec im ens show 
disrincr lare ral ridges co nspicuou s in sid e 
view (f ig. 18 ) . t\ lrhough rhe disrincr ive 
appea rance makes idemifi car ion easy, rhc 
precise form is difficu lt ro determ ine. The 
C-axi s of rhe calcite is in a posit ion rhat 

PLATE 10 
( t\11 specim ens x2700) 

figures Page 

I :2, ;j Sc) 1Jbospbaera aj>.r!ei11ii Lohma nn. (I) side view, ( 2) cro,;secl nicols, ( 4) 
side view, differem >pecimen. Borh specimens from TR 16 107 

'\ Sqpbn.rpbcrera intermedia Deflandre. Sid e view. From TTOC 19:'\ 786 I 07 

5 Sc)jJbo.~pbcrera jNt!cberri111a Deflandre. Side view. from TTOC 178889 107 

6- 7 Sc)jJho.rpbcre!rr rec11rz ella Deflandre. ( 6) sid e view, ( 7) side view, dif-
ferem spc:cime n. 13orh specimens from TTOC 193 78o 107 

8- 9 Sc) jJbospbcr!?ra l<i[',l?llrr Kampmer. ( 8) side view, ( 9) crossed nicols. From 
TTOC 19? 78o 1 07 
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rcsulrs 111 h1gh relief and lo\\' birdringenll 
in rnosr nrienrarion.'i. 

/)j,frif!lt/trm: Few 10 r:uc: in rhc (,/o(unu 
t,t!ia job.1i /ub,ri.r up r1uough 1hc Clobn1o 
!tlful 1/IClhfl'lliJ 7.onc of I 1K· Cipr:ro '>Ctrinn. 
.1 nd liS yer unkno\\'11 clsr:\\'hr:rc. 
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Tiili FOSS I L EVIDE NC E FOH HL 1 ~ li\ t\ Evou_, 
TION, by V./ . E. LeGros Clark. Second 
Edi cion. published by tht University of 
Chicago Press, Chicago and London. Jl.)() I, 

xii + 20 I pp., :?.() figs., S6.00 

In chis new ed icion of cht sta nda rd work 
on homini d pnleonrology and evolucion. chc: 
nur hor includes a ll rc:levanr new infmma­
tion which h:1s been disc:ovc:red since the: 
book fir sr appeared ( 1955). Of p:IJ"[icular 
intc:rc:sr arc: the cricical commtnrar ics on 
1.. S. 13. Leakey's recenr discoveries in 01-
dll\·ai Gmge in r a nga nyi ka. I r is shown 
rh~t nor o nly arc ge nnic disci ncrions such 
as ""ZilljalllhmjJIIJ .. doub: ful , bur rhat most 
o f the ausc ral o pichecin t specimens ( if not 
all J :H e co nspeci fi e wich Darr"s original spe 
cies, / l !!.rlrtdojJi!bec/11 afri c!lllltr. esrab lishcd 
in 1925 for che Taung sku ll. 

The book is scho la rl y, definitive: :rnd 
among paleoamhropologists rhc :lCtcprcd 
guide for rhc caxonomy of fossil hominids. 
h·o fcsso r I.e Cros Clark (professor t.:mc:r itus. 
ana romy, Oxford Univcrsicy) rcv ic\1" ' the 
impurranr discoveri es of foss il man, cv·1lu:m:s 
rhc: available ev idence, and examines rhc con­
clusions thac ha,·c been drawn from that 

c,·idemt.: in dc:monsrracing evoluci on wichin 
tht.: Hominidae. 1:-l e is clear, concise, and 
skilled in defining basic concepts as he in ­
troduces and employs them. The famil iar 
species, Pi!bccrllllbrop!IJ erecl;tJ ("' Java 
i\l:lll .. J. in accord with recem stud ies is 
rc,·iscd and shifted ro the genu s lfollln. 

Thi> ,olumc is an imporrant, up-to-daic: 
UllHr:bution co human paleonmlogy and 
'hould be a parr o f the library of .l!1y geolo­
gist or :rmhropolog isr who is co ncuncd with 
the t\Oiurion of Man. 

Ci'Oi.OCY OF "! liE l-111-IAI.AYr\S, by Augusto 
C.rnssc:r. Publi shed by lm er,cicnce Pub · 
Ji,hers ( Joh n Wiley & Sons Ltd J, London. 
New York and Sydney, 196-i, xvi + 289 
pp., J.Jl) figs., l)) phoro places, 4 large 
folding plates including tecconic :111d 
r·ec,lo!!ic maps :l!ld profiles in color, S)5.00 

T his ,·o lumc is a parr of che lnrcrsc ic:nce 
/{ cgirnhd (; eo/og.l Scrie.1. des ig ned ro presen: 
'un·eys of largt.: strucmral unics. indep c: nd ent 
of n:rr ional boundaries. Th e Ceolog_1 of 1/.Jc 
IIIIJhtl".] <t.r prO\·ides a co mprehensive view of 
the gre:rtly scanen:d li re rmu re on this fas-


