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L ABSTR ACT 

T e11 sp l'cies of" pitted ~1iliol<tl'l'a l"nJm 
Grignon and D<trnf't')' . F'ralH..:l'. <ll'C de­
scribed and il!ustrated. These forms pro­
\'ide a model to which sµecie s f"roni tlw 
Gulf' Coastal Plain can be cornp;ired. 

Twent;·-four related s pet'il'S of 
f'oran1 i11 if'c r <1 f'rom the Gulf Coastal Plain 
a re listed in Table L fift een of these ;_--irl' il ­
lustrated h e r e in. T he n•rnc1ining nine 
s1x•cies \\TIT described and illustrated by 
Andersen in 1984. 

One ne\\' species. Milioln nlph ifl ipsi. 
from the t.\'PC' lo< . .:ctli t~· of' the· Byram F o rrn;,1 -
tion I Oligocene. '.\llississippil is clcsc;ribecl. 

The gellus He1erilli11n Munic r-Chalrnas 
and Schlumber·ger is recognized a s a f'orlll 
\\'it.h a costci tc <rnd pitted \\'a l! . The 

t:rnT01;1..\1. C11.\1.\JI T !TE Hll: Til l ~ PA l-' t·: t : 

l'h<tlllbl'r <llT<.m,gcrnl'lll is rna:-;:-;ilinl' and (hl 
aperture is erihratl'. 

Q1tillq 1t e lonlli11n s1u1·e11sis Band~-. frulll 
the Ya1.oo F ormation ll:ppt.'!' f:uct'lll'l at 
Little Sta n ' Crt.'t.'k. A labama. is n·gardcd 
<ts a j unior synonym o!' :\liliofa saxorw11 
(Larn ;,irckl: I\ fossili1w cle('omta Cushman is 
placl•d in the gl•nus J\'eng11 ite . ..,,· Andersen: 
and Nen9111tes l<w1posus (Husse~·). from the 
Cane Ri\'e1· Formation 1Lo\\'er Eoet.' lll'l in 
Louisian a. is cons1clen.·d a Jlllltor synonym 
of Neng u iles decoml1ts (Cushman l. 

The concluding discussions pt.•rtaining to 
the p iltt'd l\1i liolacl'i.l cm·t.•rs !ht.' f'ollo\\'mg 
s u h.il ' l'ls: tlw pni_gnHitic '"knobs and 
dough m1t-sha1wd l·lements"" on !ht.· weath· 
t.• i·t.•d \\'~dl ol tfw ll•st ; tht.' gPological and 
gt.•ographical di:-;tribu tion of the gerwra: 

H1·:u:;\ T ,.\l'I':\\.: Lrn·:BJ.ICH. Los A ngek·s . Califon ua 
l-1L'm:1:r C. SKtN:>.11·:1:. Tula1w U11 i \T 1·sit~· . New O rleans. Louisiana 
\.Vu .u:.\1 \',\!\'In::"\/ B Ol.JJ. Louis iilna Stall' U11i\'t'1·sity. Raton Rougt'. Lou1stdtld 
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the l'!l\'ironmental implications: and. tl1e 
Paris Reisin species also present in the Gulf 
Coast<1l Plain. 

II. INTRODUCTION 

Cushman r<.:'ported the pn'Sl'nce of' 
1\1iliofo su:ror11m (Lamarck! in the Upper 
Eocene of the Gulf Coastal Plain in 1~)3.). 

This. the type species of" Miliolu. originall>' 
was repoded from !he Lutetian of the 
Paris Basin. France. where many c1ddi­
tional specif•s of the genus occur. It is re­
mote!>' possible that species other than 
J\.1ilioln .'w.t·onun 01· its relati\'es 1night have 
been o\'erlooked. 

In order to tl•st this thesis. ten specimens 
of Miliolacea from Grignon and Darnen'. 
France. \\·ith structural differences at tl~e 
species le\'el \\"l're photographed \Yith a 
scanning electron microscope. This estab­
lished a ref'et·ence model that could IJL' 
used to compare the Gulf Coastal Plain 
species with those reported from the Paris 
Basin in France. 

For all genera here included. the cham­
bers of the test are pitted with pores pre­
sent eithl'r v\'ithin the pits and or else­
where in the chamber walls. In addition. 
the aperture is crihrate (generally delicate 
and seldom p1·eserved exhibiting rnoi·e 
than a remnant) and the wall is costc-1te. 
For example. if a quinqucloculine Paleo­
gene fm·am inifer has pits and costac pre­
sent. it shou ld be assigned to Miliolu even 
though the crihrate aperture can not be 
verified . 

Chambe r al"l"angement is considered of 
p r imar_\' importance in defining genera. 
But in the present studv. concerned 
primarily with f"oraminifera ·at the species 
level. shape and test size are rele\'ant. 
Howe\'er. it is advised that test size per se 
is useful only when comparing specimens 
from similar environments. As hosti le en\'i­
ronments may result in reduced average 
size in species. the length-width ratio be­
comes a more important parameter . For 
the present study (com paring pitted Gu lf 
Coastal Plain species with pitted European 
species!. it is proposed that the siz:e. shape. 
and distribution patterns of pits in the 
chamber walls and the relation of the pits 
to costae when present constitute the most 
importan t f"eatrn·es to differentia te species 
o f pitted Mioliolacea . Enlarged l'lectron 

photomicrographs i·e\'ealing these features 
are stressed in the abridged descriptio ns of 
the Miolio lacea f'roni the Paris Basin. Fr­
ance. 

L11t<!tiu11 Sa111p!Psfroni tlw Puris R(/si11 

Pw·t icipatio11 in the Airn.:.• i·iccm Gl•ologica l 
Institute P<.i.i- is 8;1sin Field Trip in ]~}()5 . 

conducted by Maurice L:·>s and Samuel P. 
Ellison. Jr. enabled this \\Titer to collec t 
sampk·s from l\\"O Lutetian localities. ;1t 
Grignon cmd Darnery. France. The type 
species of man.\' genera ha\'l' b1:.•er1 de­
scribed from these h\·o famous localities 
where the Lutetian ""calcaii·e grossier ... a 
thick Eocene limestone cqui\·a lent to Mid­
dle Eoc(.:.•11e strat;i in the Gu lf Coasta l Plain. 
is exposed. 

Charles Pomerol prepared the geologi­
cal itine1·ary for the Grignon and Darnen· 
portion of" the Paris Basin fie ld t ri p. Th~ 
Grignon locality (after A. F . de Lapparentl 
was described in the guidebook <.1s f'ollo\\"s: 

.. A mar l qucuT>' located in the JXtrk 
of the National School of" Agriculture 
at Grignon. 200 metci·s to the left of" 
the buildings. Rece n t exploitation 
has passed he>'ond the most fos­
siliferous zone which has furnished 
more than 1.000 species. Howe\'er . 
we can still collect numerous shells in 
a remarkable state of pr<.:•servation . 
The cut of the m~wl mine shows three 
lc\'e!s. The lower le\·el is a glauconi­
tic sandy limestone . \'erv fossilif"e1·ous 
and belonging to the L(;wer Lutctien 
I Zone Illi." 

The sample collected is considt:.• red to he 
from the base of" Zone II I. 

The locality at Darner·y. France. is upper 
marine Lutetian . It \\·as described in the 
guidebook as fo llows: 

""The red Cuisian sands ai·e di-
1·ectly co\'ered bv sandv limestone of 
a pai·t of the lhe Ui;per Lutetien 
(Zone IIT 1. The sandy' limest.onl' con­
tains an abundant microfa u na. p<tr­
ticularly rich in Milioles . .. 

A sample of this sanch· limestone was 
examined for this report.. 

GidfCoastnl P lnin Smuples 
Neither E.1:u111i11ed nor Re-exa111i11ed 

The basal J acksonian I nglis Fcwma1io n 
of the Ocala G roup !Uppei· Eocene. 



No. I Pilled ,'\1 i liolncen <~/'Gulf Coast a11cl F ran('<' 

F' lo1·ida1 is the· time equn·;i lent of the 
:vfoudys Branch F ormation 1 CppPr 
F:ocene . Mississippi). This limestone is ex­
p usL•d in \'C:-J.r-ious pits c-rnd quarri('S near fn­
glis . Lev.\· Count.\·, Florida. In 19-17. Puri 
recorded<• tn=nw1H.lous inn:'rtebrat (' faun;1 
from this l i111esto11e and d(•stTibed Qui11 -
q11efuc1di11<1 ucnlnirn from cuttings in \H'll 
:~-t7 . This spt•Cil'S should han.• hc•p n p!ac.:cd 
in 1\lliliulo as the tc•st surface is pitted and 
costate. Miliolo ocnfmw I Puri I is includPd 
in Table T (Distribution of PittL·d l\.1il iolacea 
in the Gu lf Coastal Plain I . 

AndL' rsen i 198-L p . :Z l d iscuss L'd and de­
scribed sample collection locali t ies in the 
\.Vechcs and Cane Ri\·er form a tions 
(C];_1iborn ian. JVTiddlc..• Eocent.•l a11d thP 
Moocl>'S Bn1nch F'orma tion (J a ck sonian. 
Upper Eocf'ne). These' s tatio ns w ere not 
r0-cxamined for the pr0sent s tu d>·· al ­
tho u gh the faun<-is f'rom all three localities 
are included in 1'c-1blc..' T. 

G 11(fCons1nl Plain PClleo9e1w Sa mples 
Re-exnmi11ed 

Paleogene sarnples (;'Xarnint•d o r rt•­
cxarnincd f'or this rc•port n111gp from CpJ){' r 
Eocene through the OligocenC' in a ge. Tht• 
localities listed are in seque nce from o ldest 
to >·01111gest !except when contemporarw­
ous l. 

Cr>·stal Ri\'er Formation samples were 
supp lied by Ste\'e Windham. Bureau 
Chief'. Bureau of' Geolog~· at Talla h asse('. 
Florida. The sarnplc studied is from the 
Am11si1un bed in a white chalk~· limes tone. 
Loc;ilit)' PM-:l. the Kendrick pit of !lw 
Cummer Lime <111cl '.\/Ianuf'act uring Com­
pany. Kendrick. lVfarion County. F lor ida 
(PU1-i. 1957. p. 2J. At this o utcrop. about 
forty feel of' Crystal Ri\'(_'r F o r mat ion. 
Ocala Gr·oup. a re exposed. 

T he Yazoo Formation r Upper Eocene ~ 

sample used is L SU Geoscience :\'l useurn 
No.-447. from Little Stave Crl'l'k IS l'l' . 2 1. 
T7:\' . R2E1. Clarke Count~· · Ahibam;1. It 
was colk•ckd b.\· Lewis :\'ichols frorn tlw 
b;1s<-1l cla~· of the Y<:tzoo F'orTnation. ;ipp ro :-:­
imatel:·• f"i\'t.' feet ;1bo\'e the top of th <.• 
l\Iood~·s Branch Fon11a tio11 . 

The t,vpe section of the Shubuta F on 11a ­
tion (Upper E oce ne! is locat<.:•d in S \\.' 1 --t 

SC'c. 29. TlON. RSVV. \Vci>·ne Count.\·. l\ Iis­
sissippi . The· sample was taken fro m a m ar-! 
exposed along the \\'(;•st sick' of" S hubut <1 

Hi ll. t•1gh t to kn f'eet d bc! \' <.' lrn.~h w;iter 
l<.·\·e l in t he C h ickas;-1wha\" H1 \'(.'L l'<-lSl of 
Shubuta. :\11ssissip p i. . 

The D<-111"1\lp L ;_lllding s t•c tion ! L' p pl'l 

F.ocenl') . consisting of two fossiliferous 
\web. was d es<.T ib(;'d b>· Vea tch ( 1 ~)02. p. 
lf:i71. 0 ;111\·i l!e Landing is 011 the O uad11t<1 
Ri\'(.'r in Catahoula P <.ffish. Lou1s1a11;1 . .iust 
south o f t h<.:• Ca lch \'L'll-C itt<.d1 oul;_1 par ish 
line. Th(;' upper bed 111 th is Sl'ction . studivd 
from samples ;_-l\"ailabk• at LS L i11 tliv 
l 950's. was much !llOJT fossi li f'L'rous than 
the low(;•r b ed . Th is upp<.·r be d. consistm~ 
of light ~·ellow fossiliferous cla>·· \\·as lost to 
bank erosion b~· thl' 011achi l<1 Rin·r fifty or 
more years ago. 

The Red B luff F'onnat ion 10ligoc1..'t1L'I 
sample s cam t• from t\\'o loc ;_d itil's :\Io:->t ol 
the s p E:.>c im<."'ns stud ic·d lwn· .trL' fron ,11 

plc..•s co llected in the 1D50's ;rncl !!Hill's '"rom 
an outcrop locat(;•d bet\H:.'l'n th <.· H 1walllll.'l' 

Railroad s tation and th(;' C hi<'kasa\\'ha\· 
Ri\·er. Tod<1>'· the ra ilroad stat ion has b<.>(;'ll 
mo\'ed a nd tlw outcrop is co \'l' rl'd and 11 

<lC<'L'ssib!e. The seeond sam p k'. Geolo~~· 
Museum Locality 1Gl\TL 1 lfi. is fron thl' 
wes t b a nk of tlw Chiekasawha>' Hin·r in 
SW I I Sc'c 28. Tl:\. R 111\\' \\ <1rnv 
County . l\1ississippi This is do:-;p to . !iv 
type localit>· of the Hl'd Bluff Format1011 
and m 19-18. wh(;'ll till' sampiL' \\''1 ~ col 
lected. the se ction \\'as considvn·d l>l'ttvr 
th<111 the type seet ion of tlw [-h·d H!uf' ThP 
sample s tudi<.:•d 1s from till' glauconill' ll ·dgP 
just abo\T t i ll' disconfortn it>· sep<1rating !IH 

Red B lu ff from till' Cppcr Jack .;on 
The Host·field F'ormation (()Ji ~m'l'tll' J 

sampll' is f'n >m Shell Bra11ch ') I 2 mill·' 
sou th of Hosl'iield. C<1tal10u[;_ Pari ~· l 
Lou isi~111a. 

Th(;' Glendon Formation (()Ji.~oCUll- ! 

sample is f"n>m the t~·pl' loca!it\ of tlw 
B vr am Fon n;ition. T\w s;unple :itlldied. <t 

.~ 1~ay silt~· cl;1>·· is l':-:posed hl'IH•nth till• in 
durat<.'d led.!..!e at tlw hc1.<-;L' of thl Byr;11n 
F orm;.llion at (·Xlrl'nH' low w<11l'r Jpn•· lfl 

tlw P<.'arl H1\Tl". 

T hl' :\lint Sprinl..!;:--- :\Tad tOli~ncl'lll'I 1 1<1 
11..•nctl. G:\IL 1:11:\ ;;rn1pll· I. \\·as l'olk·ctl·d 
lw1ll'ath .i \\'<ttl'rf<-i ll on Glass B<t>'Oll Jo 
('atcd a<.To: thL- <., trl'l'I ·rom <t rl'sidl'lll'l• at 
Iii I :\orth Clwrr~· Stn•t>! \\'itlun !IH ('Jty of" 
\' ickshun.!, . :\fi ~::;1s~ pp1. 

:\lost of tin· pitted :\1 1iolacl·:t 'url'd 11 

th is l'l'JHH't ('(tP\l' lrcn ti l t.\"JH ]!Wiil I\' of 
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TABLE 1 

Distribution of Pitted Miliolacea in the Gul f Coastal Plain 
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GULF COASTAL PLAIN SPECIE.5 EOCENE OLIGOCDlE M 
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Miliola chipolensis (Cushman !. Ponton) 

" b;rrameneie (Cushman) 

" cf, M, chipoleneie 

" rolandi Andersen 

" alphillipsi, new .6peciea 

" er. M, eaxorum 0 

" sp. A 

" op, B 
---

" ep. c 0 

" cf, M. jackBonensis 0 
- ~ - - - --

Quinqueloculina tessellata. Cushman 0 
Picouine mississippiensie (Custman) 

Neaguites byramensie (Cushman) 

" inusi tatue Andersen 

" imprimatue (Cushman) 

" sp. A 

" (Cushman)" 
>---

decoratua • 0 0 0 0 ~ Q 
Miliola newberryeneis (Puri) 0 

" saxorum (Lamarck) • 
" jackeonensis (Cus hman) •• 
" ocalana (Puri) 0 

Beterillina jacksoneneis (Cus hman) • ? 
" punc ta tocoeta ta. (Cushman) • 

Texina ferayi Andersen • 
e Described and illustrated in Tulane Stud , Ge ol. Paleont., vol, 18, 

no. 1, October 31, 1984, 

• Described as Neaguites lamposus (Hussey) by Andersen in 1 984. 
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the B:vT<-Hn Formation . just nor th of the 
bridge on the Pearl Hiver. CCI.St of Byram. 
Mississippi . Lm..v \Vater exposes an indu­
ratcd ledge which rnay represent an un­
conformity between the Byram and the 
underlying Glendon Formation . Th e sam­
ple studied is from the glauconitic marl 
above the incluratecl ledge. It was \'ery 
carefull:--1 washed by decantatio n to p re ­
vent destruction of the fragile tests of the 
pitted 1\.'Tilio lacea recovei·cd from this sam ­
ple. 

The Chickasawhay Marl iO ligocenel 
sa rnple studied is from one of the fossilifer­
ous clays in an exposure on StRte Highwa:v 
:2~L 1.4 rniles north of Millry. Washington 
County, AlabRrna. 

G1dfCoastal Plai11 Neuyr nr Sump/es 
F:xumin ed 

The on ly Neogene rn a terial inclucled in 
this report is fron1 the Chipola Formation 
(M iocene ) in µenin sular Florida. The ma­
terial studied. GML 852 , is from an outcr·op 
of the Chipola Fon11at.i on (Alum Bluff 
Group) on Ten Mile Creek near Baile~,· s 
Ferry on the Chipola River. Calhoun 
County. Florido. 

Repository for Figured Specime11s 

All of the figured specimens are depo­
sited in the Geoscience Museurn collet> 
tions at Louisiana State Universi ty (LSU 
GMI . 

111. DESCRIPTION OF 
LUTETIAN FORAMINFERS. 

PARIS BASIN. FRA0fCE 

Fa111ily MILIOLIDAE Eh .. enbe1·g. 1839 

Subf'amilv MILIOL!NAE Ehrenberg. 18:l9 

MIT. IOI.A SAXO!W:>.1 !Lam a rck) 
Figures 1-3 

lVliliulilt>s sn.rorurn LA\1lAHCK, 180..J . Ann 
Mtis. Tii s1 . Nat.. \'Ol. .5. p. ;)52. 

Quimprelur·1tli110 su:ronrn1 1Larnarckl. D"OH-
13IGNY. !82G. Ann. Sci. Nat.. ,·ol. 7. p. 301. 
p l. JG. 10- 11: TEHQUEM. 1882. :\!em. 
Soc. Fi·ance. sci·. ~1. \·ol. 2 . p . 181. pl. 
UL fig 22. 

Miliolo su.rurnn1 iLanwrckl. CC"SH'.\.lA!"\. l~U5. 
U.S. Geo!. Sun· .. Pruf. Pa per 181. p. 12. l:l. 
pl.:). 1-:L Y. LE: Ci\LVE7. l!l \7. :\Iern 
Expl Geo!. F1·;rnCL' pt I. p. '.3(); 

KAASSCHIETER. 19Gl. Inst. Ho.\·al Sci. 
l'\<:Jt. Belgique. :Vlcm. l..Ji. p. J(jl. pl. L figs. 

2:"'>-27 . pl. :1. fl.!.!. I: Y. LF: CALVEZ. 1970. 
CcntrP :'-Jat l. Hel"h. Sci .. Pans. p . ..JJ. pl. G. 
fig. :J 

Abrid9ed Descriplion: Quinquel()culim· l"ham-
hf-'l" length sliglil Iv O\"L't· I \\"O and 

widtl 1: pe1·iphc1:.\' rourn!Pcl: rnJ 
costae: cnlaq . .(ed electron Jlil(J!Omicl"Ograph 
shows irrPpdarl_\' shaped pits aligned \\'Jth tliP 
long ax is oftht• test. dis1ribu1ccl at ;iliout the di-
ameter of one a pan: po!"es \·isible in pits not 
f"il lPd \\·ith ;qwl"lure· lTibratL'. Length or 
specnncn No. 10.5! l from Grigllon 1Fi~tm .. " J 1, 

1.S mm: \\·idth O.GO mrn. 

RPrnarks: An eledron photomicrograph 
of" the fractured Rnd \\Tathered \\'all on a 
specimen of Miliuln sn:ronrni from Darnl'ry 
shows the surface lRyl'r of the test wall 
o\'erlying a mass of rodlike structures 
(cr:--1stals. en larged in Figure :~1. and two 
weathered pits. The orientation of crystal.-; 
in the outer laver of the test tsee left side. 
Figure 2l is ,;ot re\'CalC'd: however, an 
electron photomicrograph of ··Quin­
queloculi nu·· tuberculuta lnot figured! 
shows thRt it consists of a single' la:--·C'r of u1-
terlocked, elongate. flat crystals, aligned 
par·allcl to the «ontours of the test: the sec­
ond or middle laver consists of a thick mass 
of short. r·ocilikl' crystals randornl:--· 
oriented: and, the third or inner layer. pos· 
sihl» exposed at the base of tlie pits. aµ­
pears to be similar to the surface la\'er. 
Th is three-layered test wall is bL•lie\T~I to 
he characteristic of" all rnprn\wrs of tht' pit­
ted lVIi liolRcPa lint'age. 

TVT1r.10L\ TFIHH F:\LAndersen, ri. sp. 
Figtll"l'S. ~-

Inst 
Nat. nplgique. fl.km. l Ii. p. Hi-L pl 

Q11inc1t1t>loculinL' ch:.im 
about onp and one-hall 

carinak: 
smo(1th l'or ollL' specinwn ISL'L' 
Figure :li costa on !lie l"hamlJL'1 
wall: L'nlcir~t>d \\"all slio\\'s th<tl tlw pits arL· 
srn;ill. t>lliptical in outlirn_' and r;rndoml.\· disti-i 
bt!IL'd on"r tlie :-urfdn:' u!"tlw te:-.t. "-ll<IL"L'd <tb<lll\ 
orw-hdlf' lo !l!W pit di<inwtt->r pores 1101 d1s-

cert1i11le in !lll< ;qwrlttrc LL'ngth l)f" 

holotypv !:-pet"in1en So. 10 .. )J:li. from Grignon. 
O.G:l 1nrn; width o..:i:; 111m 

Rf!lllUl"ks: Af"tt->r rnno. \<.ll"il'lll'S ha\"L' 110 

:-;tanding in zoological nonwnclt.1lun.· lst->e 

TCZN art. ]{j)_ Thu:-;. t!w name dl'signall'd 
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h_ .. ; Kaasschielcr fo1· his ··\'ariet_ ...... is irn·alicl 
<IS proposed. The species-group taxon 1er­

q11em i is \·aliclatL•d h<..•rein. is elc\·atL'd to the 
sp(.•ci<..·s lc\·el. and is rL'cm,!;nized as clistinct 
from .'\lilioln priscn tcl"Orbign~·\. 

:\111.101..\ cf'. M. !l!HO:-iTHl:-it Lamarck 1 

Figure G 

.'\lil10/i1es bim.'i1l'is LA:\l:\H.CK. 1801. :\nn. 
:\Ju;-; .. Hi:-;t. l\'at .. nil..). p. :;:>:~ 

<)1<1>H/1<<'i<w1</<1<1< bin>.'1<"<.' 11.amarl'k<. TEH­
QCF.:\I. 188~. l\lern. Soc. Geol. Fr;;1ncc. ;-;el". 
:J. nil. ~- p. 181. pl. l!l. Ill';. :?:~: Y OF: CAL­
\"I::Z. Hl-11. :\km. I::xpl. Carlt' Geol. France. 
pt. I. p. 8. pl. I. Ii!..';;-;. !-G . 

. \li/iolo binisrns 11.;11nan:k1. Y LE: Cr\L\"EZ. 
l!L)~. :\lt•rn. f:xpl. Cane del France. pt. L pl 
Hi: KA:\SSCIIIETEH. 1%1. In;-;!. Ho~·<1! S('i. 
l\'at. Ek•!giqut:'. :\km. I If. p. 162. pl.;). Iii.!. 2. 

r\liriclyed Des<·1·ip1iori: Qumqueloculine ch;11n­
ht•r a1Ta11genK•nt: length ;ibout l'our time:-; \\'lclth: 
pei-iphery rounded except at distal end of !t:st. 
\\·hich i;-; ('<1J'inate: c·ost;ilt' near pro:rnnal end ol 
li1rnl chamber: enlarged ;-;urf;ice or !e;-;t \\'all 
;-;ho\\·;-; th;:i! tlH_ ... plls are niund. closely spaced. 
and lom.(itudinall~· ;digned: pores pr·t•:->ent Ill pits; 
;1penure p11orl.\· pr·e;-;er\·Pd. 1>n1b<1bl.\· cr·ibrall' 
Lcnt.:th of' .-.pecime11 l\'o. 10 .. )1.) fl'Om Grigno11 
( Figurl· f:i1. I. JG mm:\\ id th o.:m mm. 

M!LIO! .. \ sp. 

F'igurt' 7 
Desc1·1pli(111: Qu1nqul'"'lol'Uline ch<11nbe1· <ir­

r;11H!t..'tlH:'l1t: length abou t one and t\\·o-1h1rd;-; 
time;-; \\'idth: pt.:·npher~· nJunded: <"osl<ite: en­

b1rg('d L'IL'l'tron phototnino.t.:r<1ph sh\ms !ht:· ;-;ur·­
ft1n' or the 11.•;-;I \\'ith trnl),-;\'(.' t's(.• bridgl•S \)e(\\"L'en 

long1tudin;1l co;-;tae <·01np;11·t11w11t;1li1ing thl· 
;-;imde rows of ell1pt1cally ;-;\rnped p11;-;: port:'s not 
\·i;-;1ble in pits: apenure n1hrnte. L1..·ngth o1 
;-;pecinwn i'\o. Ill .SIG from Gril.!non 1Figur·e Ii. 
U.80 inm: \\id th 0.;)() mm. 

Remarks: This specimen has the test 
shape of' l\1ilivln prisco id'Orhign>·l as illus­
! rated by Kaasschieter (I~)(; 1. pl. ;)_ fig. -l 1 
and the striae described h>· K<:1<1sschider 
f'or l\1. priscn s1ri9ilf(l !c\ 'Orbign~·J ( 19Gl. pl. 
.). f'ig. Gl. l-lo\\'c\·er . his illustration of' tlw 
subs1x•cil's is 11c<1rly as wick• <is long. which 
differs from J'\filioln sp. I. 

Mll.101...\SJ). 

F'igurc 8 

Desc1·ip1um: Quinqueluculine ch<1tnber ;ir­
r-.mgl'tnent: lL'n).!th a litde ttHwe than t\\'ll'l' 
\\'1dth: penphe1·~· roundl•c!: nhl<ll' 1hin ;md 
;-;ln.dith' L'le\·ated abon• !(.•:-;\ surt';i<.·t·: t·nlarged 
L'lt·ctr~m pho1omH.Tog1·;ipl1 shu\\·;-; pit;-; ;irrnnged 

F'!GURF:S 

·>- .'\liliolo so.ronnn tLarn;1rcki 
l Literal vie\\'. X 2;) f LSL Gl\1 "No. 10.) l l 1 

2. La>"L•rin~ within \\·all and \\'l'aliwn .. 'd pits. X 1000 ! LSU GM :-\o. 10 .. ) \2l 
:~. Orit>ntation of cr.\·stals \\'ithin rniddll' I aver of ,,·;1\I. X 5000 t LSU G:\1 No. 10 .. )121 

-L .'\lilioln 1c•rq11c•111i And(.•rsen. 11. sp. !LSU Gi\1No.10.;)!:)1 
L;ttl'r<d \'il'\\·. X .)0 
F.nlarg<..·rnent of' pits. X IOOO 

» . . '\liliolu lerqiwini Andt•rst' ll. ll. sp. !LSU GM No. \()_;)l-l l 
Lateral \"iL•\\·. X .)() 

f) . . '\I ii win cf. l\l. bi rosr ris (Lamarck I. r LSU G:\1 No. 10.51.) I 
LatL·r;,11\'ie\\'.X2:-> 
Enl<1n .. ~l'lllL'lll of pih. X 1000 
;1/i/iolo sp. I 1LSU G~1 :\o. 10 .. )1 1;1 
L<ttc·r;,ll \"iL'\\'. X :10 
Enlan.?,t·nit>111 or pits. X 1000 

8 .\/iliolo sp. ~. 1LSU G~I :\o. HJ..il<1 
Llleral \'IV\\' X ;)0 
Enl<cll"\!.l'tlll'nt of pits. X 1000 

~I . . '\lilio/o :-;p. ::_ iLSC G:\1 :\o. 10 .. )181 
Lateral ,·ic\\". X: ;)() 
F.nl<1re,vrnent of pit s . X 1000 

10 . . '\li/iolu :-;p. :; ·i 1 LSC G:\T :\o. IO.;)l!J1 
L1ter;tl ,·it•\\". X .)() 
F.nl<ll'~l'llll'lll of' pits. X 1000 
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two abrea s t in lon[!ituclina l 1"0\\'S between cos­
tae: pores pr·esent ,i n pit s : apertu re pood:-· prc­
sen:ed. probably cnbr·aie. Length of specimen 
No. 10.517 from Grignon IFigure 81. 0.80 mm: 
width o.:~5 mm. 

M11.101.A sp . 3 
Figures 9. 10 

Desniprion · Quinqueloculine chamber ar·­
r·;_mgement: length more than twice width: 
pcripher.\· rou nded : cost;1te: pores presen t in 
some pits: en larged electron photorn icro). .. )·aph 
shows<• single row of pits bet\\·een cos\cle \\1th 
spacin~ not determinable due to weathering: 
aperttffe f-'icvatecl on a neck exte nding abo,·e 
penu!tirn<tk chansiline chamber c11T;.rngement 
;::ind the pit distribution pattern I more cleady dc­
finecll is the same . Length ol specimen No. 
10.:)19. 0. 70 rrnn: \\·1dth 0.38 mrn. 

P1cou1:-.1A s p . 
Figure 11 

Descriptiu11: Trilocttline chamber arrange­
nwnt; k~ng·th about one and one thi 1·d t imes 
width: periphery bro<.1d l.v angular: surface 
smooth . enl<irged electron pho tomicrograpl1 
shows that the pits a r e elongated e l!1ptical de­
pressions aligned longitudinally : pores not ap­
p<.ll"ent in pi ts: a penure cribra te. L ength ol' 
specimen No. 10 .520 from Grignon I F'igui·e 11 l. 
o.s:~ mm : width 0.58 mm . 

H i::T1::K ru.1:-.1 .A. sp . I 

Figure 12 
Descripriun: :vrassi line chambe 1· arrangement: 

length c1hout o ne and two-th irds width: sides of 
test flat tened : periphery rounded : cos tate : en­
LJq . .;ed elecl r o photo in icrog1·<1ph shows single 
row of pit s between costae : pon:•s present in 
pits: apenur e !1ush with base or penult im ate 
chamlwr: apc 1'\u1·e poorl.\· ]Jl"eservecL indeter-

rnin<.ile. Length or speci 11w11 No 10.521 l"rnm 
Darne r_\' l fig"Lirc 121. 0.90 mm: \\tdth 0 .. -i:l ntni. 

Re mo l"ks : This species differs from th e ab­
normal s pecimen or I\1ilioln s p. 3 in having 
an apertw'e flush \•vith the base o f the 
penul t imate c hci.n1bcr c-111d in the absem.:e 
of" tr·a11svcrsc bridges connecting acl_i acent 
cost.ae . 

H1·: TJ-:H JI. J. JNA s p. :! 
Figure 13 

l\1;1ssiline l'harnbe r <trrangement : 
greater than \\·iclth: test \\"it h flat­

pt·ri pher·:,r acu te: not l"O sta1e: en ­
la r·ged e leclron plio to1uicro.l(raph sho\\"s tli<11 the 
pits ar·e s rna ll. sp;_1ced ahottl the diameter of one 
pit apart and a li.gned lon gitudinall.\· : pores pre-
sent in p its: aper-tun:' broken, but c r ib-
rate. T ,engt h o f specimen No. Darn -
e ry ! Figur·e J:)J. 0. -1.5 mm: width 0.:18 n111 1 

NEAGLl n~::; PE lf!"L"SU::i (T erq uem ) 
Fi gures 14-IG 

Spimloe1di11n per11tsf1 TF.RQL:ElVI. 1882. vrein 
Sol' . Geo!. France. se1· . J. \·ol. 2. p. IGO . pl 
Hi. figs. 27<.1. b . 

Alnidued Desc1·i pl w11: Spirnlocul ine chamber 
d l't'rtngerncnt: length twice the width: sides oJ 
test llattenecL pe-riphcr.v truncated : not costa te; 
e11 larged eledron photomicrngraph shO \\"S three 
rows of pits on the fina l clwrnber-, p;ll"al le l to t lw 
eui·vaturc o f the test: pores in p its (see Figure 
l:iJ: aperture \\"ith tooth (sec Figure lG I Length 
of specimen N o. 10.52:1 frnm Grignon (Fi gu n:" 
151, 0.63 mm; width 0.:10 rnrn. 

Remnrks: The en larged e le ctron photo­
micrograph of" a pit on Neaguiles perlt1sus 
(Terq uem) (sec Fi gu re 14 J shows a single 

FIGURES 

11 Picoui uu sp. 1 LSU GM No. 10.520 1 
L<ttera l viev,;. X 50 
Enlar·gernent of p its. X 1000 

12. Hetc rilliun s p. l. 1LSU GM >lo . 10.521 1 
Lateral view. X 25 
Enlargement of pits . X 1000 

13. llcterill i 11a sp . 2. 1LSU GM l'\o . 10 ,5221 
Lateral v ie\Y. X 50 
Enlw·gement of pits. X 1000 

14-1 G. NPagu it es perrus11s (Terquern J. IT .SU G1\1 No. 10.52:) ) 
14. Latera l view, X 50 

En!<:irgement of" pits. X 1000 
15. Enlargement ofp1t sho\\·ing cr,Y'Stals in rniUdlc l a~'er of" wall X 3750 
Hi. Apertured \·iew showin g tooth ? . X ;)() () (LSU GM No. 1 O,.)·IS1 
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··dout!;lrnut~shapc'd" element within the pit. 
Such fcatur0s occtir also 011 Neuy11i1es de­
cornt11s (Cushman I I sec figures 35. :37. <llld 
:~81. This \\Till'!. considers these elements 
to originate through \\'l'athering of"the \\"all 
struetun_' around the pores lsee discussion 
in p;wt V. this report). 

IV. DESCR!PT!O:'\ OF GULF COASTAL 
PLAIN PITTED 
MILIOLACEA 

Famil\' MILIOLIDAE Ehrenbc1·g. IS:J9 

Subf'atntl)· MILIOLIJ\:AE Ehrenberg. 1839 

~II.IOI.A S:\XOHL::\1 (Larna1-ck I 
Figures 17. 18 

1\li/wlile.-.; .w1.runrn1 LA:vlARCK. 180!. Ann. 
:\Tu:-;. Nat. Hi:-;t.. \"(Jl. J. p. :352. 

Quinq1ielrw11/i11n sn.rorn111 (Lamarck!. D"OR ­
BIGl\'r'. 182G. Ann. Sci. Nat.. \·ul. 7. p. '.Hll 
no. I. pl. JG. fig:-;. 10-11. 

,'\[ii ioln sr1.rnnrn1 (Lamarck 1. CUSIL\l:\ J\"". 19:J5. 
C. S. Gcol. Sun- .. Prof. Paper 181. p. 12. 1:: . 
pl. ::. fig:-;. J-:L BEHGQC"IST. 19-12. :\.li:-;:-;i:-;­
:-;ipp1 Geol. Sui·\· .. Bull. -l!l. p. 2.l. pl. 2. fig. 8: 
CUSHT\IAN ;md TODD. ViJ-15. Cu:-;lrn1;111 
Contr. Foram. He:-; .. Conti".. \·ol. 21. pt. I. p. 
8'.): ANDEH.SF.N. 1!)8-1. Tttbne Stud Geol 
PalL'ont.. vol. 18. no. I. p .. ). figs . .S - W 

Qui111111eluc1i/i;rn stu1·ensi.-; BAND'{ 19"Vil. Bulk 
Amer. ]>;ileontolug_\·. \·ol. :.:2. no. J:ll. p. 21. 
pl. 2. figs. 2<t-C. 

Renwrks: Specimen No . 10.524 (Figui·c, 
17) \\"<:ts i·eco\·erecl from <-1 sarnpll' collected 
by Ll'\\·is Nicho ls for the LSU Gcolog_v De ­
p<.-U"trnc11t Museum. which duplicated as 
!lead>· as possible Bandy's Station 4G. the 
basal cl<.1>: in the Ya;o::oo Formc1tion. All of 
the f"oraminifcre1l tests n~covered from this 
sample were replaced Uy silicc1. which 
obscured the structure of" the wall. The 
cliagenetic chcrnges to which these 
lVIiliolacea \\"ere subjected left little more 
than test outlines upon which to base the 
identification of the species present. 

Specimen ~o. 10 .. 525 \Figure 181 from 
the Mood>·s Branch Formation at River­
side Park. J<-1ckso11. Mississippi. identified 
cis Jl.Tiliof(I S(l.roru111. \\"hen compared to a 
topol>'Pe specimen (Figur·e 171 of Qni11-
q11eloculinn s1cwe>1u;is Bandy. shows that 
the two specimens h;:-n-e identical s hapes 
and identical distributions of pits near the 
apertures on both spccirnens. The conclu­
sion i·eachcd is th;it Bandy's species is a 
.iurno1· s_vnon>·ni of Milioln saxono11 
(Lam<1rck l. Ll'ngth of specimen No. 10.52-1 

FIGt.:RES 

11. I\Ti/iulu su.1·ur1nu 1Lama1·ckl. (LSU GM No. 10.52-1) 
Lat Preti \'ie\\". X 2.1 
Erdai·gc'llll'nl of"pits. X 1000 

18. I\lilio{(l :wxon1111 tLanwrckl. !LSlJ G"'.VI No. 10.5251 
Lateral vie\\". X 2;) 
Enlargenwnt or pits. X 1000 

19. Jl.Tiliolu cf. I\l. .w1xon1111 1 Lllll<:11-ck I. ( LSU GM No . 10.;)2()1 
L<:ttercd \'ie\\ .. X .10 
Enl;:-u·genK'nt of pits. X 1000 

20 . . Wilio/(I b.11rumc11.'->is 1 Cushma!I I. 1 LSU GM No. 10.;)2/ 1 

Lateral \·il'\\". X 50 
Enlargement of pits. X 1000 

21 Miliu/11l1yn1111e11sis1Cushma11I. I LSC GM 0:0. \0.;)281 
Lctteral \"il'\\ .. X .)(} 
Enla1·gl'me11t of pih. X 1000 

22. :\1iliolu chi}Jole11.-..;is 1Cushm<ln it!ld Ponton 1. 1 LSU GM No. 10.;)2~)1 
Latt.•1·al \"il·\\". X 2.) 
E1il<:U"gc111pnt o!"pih. X 1000 

:!'.j. ,,1iliolu cliipol<'11sis 1Cu.c;hm;n1 ;111cl Ponto11 1. 1LSU GM No. ](L):j()) 

Lc.11l'ral \"il'\\" X .)() 
Enlargl'llll'lll pit showing cr~·st;:tls in nwlclle l<1_\"t'r of \\·all. X ;j/;)() 

:ti ,l\1iliu/(I cf. ;\I. cl1ipoleus1s (Cush111;rn <tnd Pon!onl. 1LSL' Gl\1 No. 10.J:JJ l 
Latl't«il \']{_'\,. x :>o 
Enl;1r!2,l'tlll'llt of pits. X 1000 
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from the Yazoo Formation 1Figure 1/J. 1.2() 
rnrn: width 0.58 mm. Length of specimen 
No. 10.525 from the Mood:,'s Br·anch For­
mation (Figure 18f, 1.22 mm; width 0.5li 
mm. 

Mru01 ... ~ cf'. M. SA.'\OHL'\1 ( Larncll'ck) 
Figure 19 

Desc1·iptio11 Qtiinqueluculi1w ch;unbcr· 
rnngernent: length thr·l~e times \\'iclth: per·ipher·y 
rounclec\; surface of lest smooth: pits extrenll'l,\ 
small. sollle\\"h<it l!Teguh:H'ly ;i\igned \\1th the 
long axis of the test: aper·tur·e poor!.\· 1xcser·vecl. 
prubabl:-· nibrale. Length of specimen No. 
10.52() frnrn the Heel Bluff Formal ion. 1.02 rnrn: 
\\"!dth o.:~-1 mm 

Rernnrk.'">: The length-width ratio of this 
specimen does not fall within the normal 
range for 1\1.ilioln sn.rorw11, but in other re­
spects it is similar. 

M1LJOL.>\ BYHA\11·:'.\SIS (Cushman f 
Figurl'S 20. 21 

Qn111cpwloc11/i1w 
l!J2:L lJ. S. Geo!. 
.51. pl. 8. fig. 3. 

CUSH:VIAN. 
Paper 13:3. p. 

;\Ji/iolo llynrn1e11si.<> (Cush111a111. ANDERSEN. 
1981. Tulane Stud. Geol. Prtleont.. \·ol. 18. 
no. I. p. 8. figs. 20-22. 

FIGURF.S 

Renwrks: Specimen No. 10.:)27. !'nm1 the 
Chipola Formation i Figure 20J, is rnost typ­
if'al of' the species. Specimen No. 10.528 
f"r·om the Ht'd Bluff Formation (Figui·e 21 l. 

is less rugose hut within crn acceptabk· 
range of' variation. 

Mir.101 \ ("J!Il-'OLJ·:f\SlS 

(Cushmcm and Po11toni 
Figures 22. 23 

Q11inq1wloculinu CUSIL\IAN and 
PONTON. 19:12. Geol. Sun· .. Bull. fl. 
p. l5. pl.:~. figs. 1-:l. 

Abridyecl Des<"riplio11: Quinqueloculine <.'.ham­
ber c11Tangernent: length r·anµes from one• and 
one-thin! times "·idth in .\·oung :->pec1rnens to one 
;rnd mw-halt"tinH:'S \\·idtli in tl11::· ;id11lt; 
<lCllteJy <1!1.~Uitu·. almost l"unning <l lll SO lllt:' 

specimens: test \\'i.lll srnooth: pits random!:-- dis­
tribuied o\·e1· test \\·all. sp<i<.'.ccl <ibout one pit di­
ameter· apart; pores present in pits; ol 
c;_ilcilt-> randomly oriented in the inicld!e 
the test \\'all hee Figure 2~~1: <!penure 
prl·scrvecl. prnbc1bly {Tilirate. Length 
men No. 10.52!) !'rnrn the Chipola Formation 
I Fi(.!.'lll"f' 22. an ;1c\ul1 lest 1. 1.22 111rn: \\'idtli 
0.8\mm. Length of No. 10.5'.~0 a lso 
from the Chipola tFi_!.!;urc 2:). a 
ju\·enile test I. 0.18 mm: \\·JC!th 0.:).) mm. 

25. Miliola cf. M.jacl..::w11eusis Cushman. !LSU GM I\o . I0.5:32J 
Lateral view, X 2.S 
Enlargement of pits. X 1000 

26 . Miliulu 11ewbe1T1Je11sis I Puri I. iLSU G:\1 No . 10.J:l:Ji 
Lateral \'icw, X 50 
Enlargement of pits. X 1000 

21. Milioln rulrrncli Andersen . (LSU GIVI No. 10.53·1) 
Lateral \'iew. X 50 
Enlargement of pits, X 1000 

28. Miliolu ulp/1i/lipsi Andersen. n. sp. ILSU GM No. 10.5:351 
Lateral view. X 50 
Enlargement of pits. X 1000 

29. Miliuln sp. A. ILSU GM No. 10.S:lGi 
Lateral view. X 50 
Enlargement of" pits. X 1000 

:JO. Miliolci sp. B. 1LSU GM No. IO.'i:l71 
Lateral \'iew. X 50 
Enb:U'gement of pits. X 1000 

:lL :Wi/wlu sp. C. 1LS!; GM No. 10.'i:)81 
L<-1tcral vie\\'. X 50 
Enlargement of pits. X I 000 

:Q. Hererilli 110 joc/..;so11e11sis (Cushman I. 1 LSl! GM No. 10.:14()) 
Latc·ral view. X 2.5 
F:nlargernent of pits. X 1000 
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Rernu1·h:s: -:'\one of the specimens 1Tco­
\'erecl from the Chipo la F'onnCttion samples 
exhibited a tooth as figw·cci h_<.,' Cushman 
and Ponton 119:12. pl. :3. fig. 11 in their origi ­
nal definition of this spe<.:ics. 

1\11!.IOL\ cf. M. CH!Pou:~s1s 
\Cushman and Ponton) 

Figure 2-1 

Remurks: Thl' length of specimen No. 
10.5:)1 from the Red Bluff Form0tio11 (Fig­
ure 2-1) is o.:3:> mm: the width is 0.2-l mm. 
The length-width ratio of this specimen is 
sirnilc:u- to that for topotypc specirnen No. 
10.529 f'rorn the Chipola samples !Figure 
221. hut the lt.'st is smaller. As it is the 
largest specimen reco\'ered from the Red 
Bluff samples. it is regarded <:is an adult. 

Although the surface. the distribution of 
pits on the tc·st wall. and the absence of a 
tooth conform to identification of' this form 
as M. rhipole11sis. ohsolute assignment to 
this species is withheld be~:cn1se of its snrnl­
ler size. 

M1uot. .. \ cl". M . . JACKSONJ·:.\./sJs Cushman 
Figure• 25 

Re111urks: This species was reported b.\· 
Band.\· ( 19491 f"1·orn Station ..\G. a ela.\' at the 

h;tse of' the Yazoo Fon nation in Lit tle 
S tave Creek . A labama. Bond\· descr ibed 
the wctll as siliceous because th~· wa ll of"the 
test had been repL=tced with silic<t. 

The lc•ngth of specimen No. 10.5:12 tFig­
ure 2.51 is l.OG nun; the width is 0.28 mm . Its 
length-width ratio is close to that of to­
potypes of' J.\1iliofu jucksonPnsis f'rorn the 
Mood.\·s Brandi Fo r mation in Jackso n. 
Mississipppi. but it docs not have the cos­
tae extending well above the surface of t he 
test \\·;,dl nor the network of' pores illus­
trated h.\' Andersen in 198-t (/'ig. 19). This 
specimen is too large to be assigned to 
Milioln rolnmli AndC'rscn . 

1VIJJ .101 .. A NE\\'Br·:1rnn·:>Jsrs ! Pw·i) 
Figure 2G 

Qu111queloculinn ll('lr/wrryeusis PC"RL \\J.)7. 
Floricb Gt•ol. SurT .. Btill. :rn. p. 107 . pl. :·L 
fig:-;. :~<l. h. 

Re111nrks: This is the most robust species 
of Miliolu reported f'1·om the Gulf Coasta l 
Plain and the figu1·ed spC'cimen is the best 
recovered from the s<imple examined. Un­
fortunate!.\·. a det<1i led study cou ld not be 
made of its \:veathered surface and the 
sµcf'inicn was so bad!.\· damaged by the 
scanning electron rnici·oscopc that it could 

FIGUHES 

:{:{. Nengu ilt!s b.11rnrn<?11sis (Ct1shman 1. 1 LSC GM No. 10 .. 1::~91 
Lateral ,·icw. X ;)() 
F:nlargcment of pits. X 1000 

:3-J. . Nenguites sp. A. 1LSL Gl\1 No. 10.J-J.J 1 

Lateral view. X ;)() 
F:11!etrge·ment of pits. X 1000 

:~::.-:jG. Ne(l911il<'s decoru111s 1Cushrna1d. (LSU G-:\1 No. 10.5-J.21 
'.3S. L;::i teral ,·iew with prolonilus conc<>;dcd. X 50 

F.nlargenw11 t of' wa ll showing dough 11 ut -shaped structures formed around per­
forations. X :rt.10 

:j(). En lar,ge•rne•n t uf" a pi1 sliu\\'ing cr~·st;:tls 111 miclcllc, l<1.\'l'l" of test w;:-dl. X :rt;)O 
:J7. Nen911ill'S de('ornr1ts 1Cushn1;.rn). (LSU GM T\o. 10.:1-J.:J) 

Latt~ral vie•\\' with proloculus sho\\·i1w:. X .10 
F.nlarge•111c11t of \\·al! sho\\·i11g doughnut-shaped strul'lUl'('S formed aniund perfo­
rations X 1000 

:.:8. Nen911i1e.<>decorn111.<>iCush111;111~. !LSL G-:\'l :\o. 10 .. )-1-J.1 
L1tc1·<.tl \·ie\\' with pro loculus conct•<t led. X ;)() 
F.nlarge'me•11t of \\';ill sho\\·mg dou~hnut-~·d1aped struc!Lll"l'S formed i.lt"ouncl pcrfo­
r;tlio11s . X ]()()() 

:;~)-11 Quiuquelo<'uliuu se111ircli('11/osu Cush111<111 
:\\). L1t<:rcd\·ie\\. X 7;, 
10. F.11\;:1r~clllL'I1t of"~t pit. X ;!;)()() 

-t l St·dion of \\'all sho\\·in!..!; J;i_,·e1·i11g. X :.:7.)0 
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not be s<tved . 
Lc>11g t h of" spcc:irnen No. 10.533 from the 

Cn'stal Ri\'er FormZttion (Figure 2Gl, 0.72 
nu~1: width O.GO mm. 

l\II11.1c>I.A OCAI.:\:.J .:>... ( Puri l 

Q1ii11q1wlocu/i1w om/corn PURI. !!);)/. Flo1·icb 
Geol. Sun· .. Bull. 38. p. 101. pl.:·;, figs. :fo. b. 

Re111arks: This costate and pitted 
species. v\·ith an average length of' 1.5 mm. 
is common in the Ingles Formation (Lower 
Jackson Group of Florida). according to 
Puri ( l~)S7. p. 2'"1). No sainp lcs or specimens 
of this species \\·ere availRble for this inves­
tigation. 

MIT.IOLA HOLA!\DI Andci·scn 
Figure 27 

Miliolu rnfmllli ANDERSEl\'. 198...J. Tulane 
Stud. Geo!. Paleo11i.. vol. 18. no. I. p. 8. l'igs. 
2·1. 2.5. 

Remarks: The holot~'PC of' Miliola 
rolundi. incorrectly reported by Andersen 
( 1984l to be from the Mooch·s Branch For­
mation. is from the Red Biuff Formation. 
the same locality CJ.s specimen No. 10.5:34 
(F igure 27), length 0.42 mm: width 0.15 
mm. 

Mrr.rOLA ALPHILLIPSL n. sp . 
Figur-e 28 

Desc1·iptiu11: Quinqueloculine chamber ar­
r<.ingenient; sl ight l.v more than twice as long as 
\\'ide: tr;,rns\·erse section of test brnadl.\· triangu­
l;ir \\'ith peripher.v rounded: ne<"k extending 
;,1bo\·e penullima1e chamber: surface covei·ed 
\\'ith closely sp<1cecl pits r·andoml.\· distributed at 
distal Plld of' final dwmber·. aligned lwt\\'een 
costae 1hat <.ffe pc11·cillel to long axis or test near· 
aperi w·e: pores present in each pi!: ;:ipe1·1 ure 
without tooth, probab!.\· cr·ibr·ate bu1 incornple1e 
Length of liolot_vpe. specimen I\:o. 10.;):)5 from 
lhe type loc<1lity or the Byram Formation I Fig­
ure 281. O.cl9 mm: \\·iclth 0.21 mm. 

Remarks: The figur·ed specirncn is con­
sidered an adult as no other in the sample 
\\'as appreciably larger. It is the most 
abundant pitted species . 

This species is named f'or Alvin Phillips. 
Curator of Fon-1.rnin ifera. School of Gcosci­
ence Museum. Louisiana State Un iversity. 
v.:hose nssistance in the µ1·c1x,11·c1tion of this 
prtper is greatly appreciated. 

l\.111.10L.>\Sp. A 
Figu1 ·e 29 

R.ernnrks: This quinqueloculine spec i­
men differs from J\1iliola chipoleHsis in the 
less cai·inate peripher:-1. smalle r and rnon .. ' 
closely spaced pits. and in the presence of 
an apertura! neck. 

Length of' specimen No. 10.53G f'rorn the 
Byram Formcttion 1Figure 29), O . ..tl rrnn; 

width 0.23 mm. 

M1uoLA sp. B 
Figure 30 

Remurkg: This specimen is one of several 
examples of Miliolacea with the length ­
width ratio about. -1: 1 recovered from sam­
ples collected in the Paris Basin ;:me\ in the 
Gulf Coastal Plain. Its shape is simila r to 
Miliolu jackso11e11sis but an electron 
photomicrograph of the \Vall shows that it 
lacks the lace-like net\\·rn·k of' pores that is 
1xesent in that species. 

Length of specimen No. 10 . .S37 from the 
Byram Formation (Figure 30l. O.SO mm: 
width 0.1<1 mm. 

Mrr.10L,\sp. C 
Figure 31 

Remarks: The specimens of Miliofa re­
CO\'ered from the Chickasawhav Marl near 
Millry. Al;:tbama. consist of si;1gle cham­
bers with casts of pits on the outer surface 
of t.he chambei· floor·. These casts ar·c 
aligned with the long axis of' the chamber 
and appear elli p tical in outline. This pat­
tern has not been observed on any other 
species from the Gulf Coastal Plain. but is 
present on Milioln sp. I from the Par·is 
Basin. 

Length of specimen No. 10.538 (Figure 
31!, 0.79mm. 

"Qu1NQL'l<I.ocu1.I.\JA · TESSELLATt\ Cushman 

Q11i11q11/ucttlio /t.>ssdlutr1 CUSll'.\.1AN. 1922. Li. 
S. Geol. Sun·. Prnf. P<1per 129-F. p. 112. pl. 
:n. !ig. 8 and pl. :>L f'ig. I: CUSHMAN. 192:J. 
U.S. Geo!. Sun'. Prol'. P<qx•r 1:-::3. p. 5-t. not 

ligured: CUSll:\llAN crnd i\'lcGLAiVlEHY 
l'.112. U.S. Gt.'nl. Surv .. Prnf'. P<ipt..'1· 1!J7-l1. 
GG. pl. I. 1: BJ<:RGQCIST. 11112. 
sippi Geo!. Bull. l!J. pl. 2. f'ig~. 11. 1-l: 
TODD. 1!).12. U.S. Geol. Sur\ .. Prof P;ipcr· 
2..J I. p. 7. not figui·ed. 
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Reninrks: Qt1inq11eloc11li11n lesseUwn 
Cushman. reported onginall.•; from tlw 
Glass Ba~·ou and :\1int Springs Ba~·ou cal­
careous mads exposed in \'ick:-;burg. :\lis­
s isslppi . \\'as described <.1s follo\\'s: 

.. Test l'longate. fustfonn. in !l'<Hb\'l'l'st' 

se('tion much angh .. •d: penphl'r~· r·atlwr 
shaq>I~· <HH.!:lt•(I. stdl•s ll<it dnd sl1~h1ly <"oil 
\'l'X. ap<.-'rtural 1..'tl(! \'l'ry l1ttll' t.'X\t'1Hlt>d. 

suturt.•s not \'t.•r·y d1st1tl('\: surL1l'l-' ()f" 

rnrn1cn\l .. 'd f),· long11udinal !'O\\'S of r;tther 
laq . .(e pits. fi~·e or si\: row:-; 011 each sidt• ol' 
the bn~est ch;unber LL•ng!h I 2;) rrnl 
li11w1ers. br·eadth O.:i millimett.•r.·· 

Of the two figures iltuslrated. figtlr(' 8 \\'as 
designated the typt' specimen. 

Cushman's statl'mL'llt that thl' tt.•st of 
"Qui11q11eloc11li1w" ressellnrn \\'as "or­
n<1ir1c11lccl b~· longitudinal ro\\'s of' r<dlwr 
large pits" is adequate e\·idl~ntl' that his 
species belongs to the l\1ilioln linl•agl'. Hi~ 
statement that the sides an~ ··flat and 
slightly con\·ex·· is strong e\·iclence that 1t is 
neither Qt1iHq11eloe11li110 nor .Uilio{(l. Pos­
sibk. \\'ilh its ch;imhei· arrangenwnt. it 
sho~ilcl be placed in J-Ieterilli1rn. 

T he specimen figu red b~· Cushman and 
McGlamery flD-t2l as Q11i11q11elond 11w /es­
sellal(I is cielinitek <t l\1iliol(I. Ho\\'l'\'l'r. it 
does not appear t.o have till' flat sicil·s cil•­

scrihecl for Cushrnan·s species I 19221. 
The specimens figur·ed b~· Bergquist 

119'"121 do not agree \\'ith his description of 
the spec ies in v.:hich he quoted Cushman's 
original diagnosis \'erbatirn. His F'igurl" 11 
on Plate 2 could be i\.liliofo byrcone11sis: 
F igu re 1-t on Plate 2 c<.mnot bl' idl•ntified. 

HETER.I LLl~A Munic•r-Chalnrn> 
and Schlumberger. I BO.) 

Het<'rill i1u1 :\JL'J\' !EH-Clf:\L\L\S rnd 
SCllLL'.\JBEHGF:F\. 190.->. Soc c;vo 
France. 8ulL.1S(·L 11 \·ol. .). p. 1:;1 

Tappmw/la AJ\'DERSI::l\". l!l8!. Tularw Stud. 
GeoL Paleont.. \·o!. lb. 110. I. p. Ill: 11111i 

GC!Oll\"A <ind SCIDO\'.\. l!ll)!! Dnk 1;Hh 
.\k;1dl•rn11 l\"<1uk SSSH. \'01 nc). !lO . .)_ p 
llll!l-1111. 

llde 11tuppc111ellu ,\'.'\DEHSE:\. l!l~.-l. \l1crn­
p<.lle<1ntolot_!y. \'111. ::1. :\(1. l. ll. 1)7 

Remarks: Anlk•rscn 1 ID8-t. p. JO! madl' 
thl· follo\\·ing stall'l1H.'11t: 

.. Both llere1·i/111w dnd Tnppo1wllu han· ;1 
m;is:-;ilirw chamh(.·r i.ltT<lll!.!l'tlWtll. 11<1\\ 

I ··-'" 

F'igurl' ~:! l-lelc>nlf11w jcwks1nwns ·"' 
!Cushman! sho\\"111!...., till' rodlikv er.\.! 11 of 
! lw n11ddle \;1~·v1 

l'\'l'I'. rw1tl11·r tlw h·;n1p1uin JI" Jill' II 

tr<!t<•d spt·cinwn r)f /ir-1f' 11!•1111 r ,()I I 

lwh and T;q1p;m T ·et111se 1111 f'fll1 n n 

ferulu 1 l!lti I. p. ('I IO.fi 1 ;;;H j l' 1i H l· 
mo<btv Tuppu u·llu p1111 'ul11('f1Sfr u 
Cu:--.hn1;in 1 \\. !11 Jt-. plltl I c!i.u iht·r 

!<it·. ,111d pt•t" or· 1tvd It .1 

Tlw Sl'Clion iwn·in on tlH L( ll'ti; 1 

;\.Tiliolan•a rl'quin•d a morv thorout.;li ~t l(h· 
of tht• for<:1mimft·ral litt•r<1t11rv fr()tn I· r tI ct 
tl1<.111 tlw piipl'r \\"ritt(.•n m l~l.SI \'olat cl(. Lt 
C<1kl'Z ( W/01, Ill hl'I" ,(lJ(I\· ( f t ll 

Pc.tleo~l'lll' for.n mift.r . dl''il ril t•d 
:-;pectl':-> of Heren11"1 w \\"tth , Jrd: H 
chamber arrci H~l'lllt'lll cn:;\;tt', pit .111d ..t 

cnbratl' apl'rture Thus. Ll' Cah't 1: 11 

<lgl"l'l'llll'llt \\"llh cu~.11111; ll ..• ) {) IP• 1 dll l 
thl' gt'not~·:pv of He tcnl'1 ·w l!l'.'.S. I11 I 1. 

19-18 (.'dition of hn'Oflll /lff' ·<1 • ur/ t.u'1 
F;co1w1111c i ·s1 11(.· all" p. Is: Tit: 
g<.'nus 1//e1r·1·p]f111C1 ),, t \ 11!1. nt \' IL 
n•loJH'd fron .\ltlwl·. \loss1 1 111a I .1: 
l'Ollll'ft"o1llQll1IH/lf''1J('/l/11u .-\ l), l'l •l' 

l':\i.lt1llllatloll of Ltit ;t>11cl1 1 d appc.m F1~ 

lll"l' ;~;)/ IJ!Jf).J p. C.Jfi!J1 rvpr H,11um~ 
:\Tu11il'r-Chc1 r a: md Sci L H n~er' on.1-; 
l!\<1] fi<:Urt '!HO;)l ll\\ i:I I" t!l! \'t 't ,1 l' 

tlCJ!l of !ht d ambt r <1rrc111gt lt • t ll 

llel('rtl/11w m \\"}ch t\'t•r C'li 1 1tr 111 

!lit• l';\fl'l"IOI"( ftl1t 1l I It, < •l'l"l"clll'd f11j 

,11 TIH ·t ·l I c1t en. 1 111d1c<1!1. ht 
pn· .t· <'t of 1~ .H 11 I 11 1!wn·fon c1I 

\"clli< )ll t \ (ll Ill' (.ii~ I. thl (' ll iii! II • 

tl1<1t .pl'l 11 tnl till ti 1 Jl1 t1·r11'1 in 
Lon· t ~l 1n1. \\ h < t w d eri )r t 

ipt t r rn 1. 1 I en 1 1 \,.ii <ft t. 

tv•;t 
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H1·:Tt:Ht:LL1 NA JACKSoi\·1·::-.Js1s (Cushman I 
Figure :32 

Mnssilina jnekso11e11sis CCSHfVIAl\. 1927. Jour 
Paleontology. vol. 1. p. 1."lO. p!. 23. figs. 5. G. 

Q11i11q1wloc11linn t11bereulo1n C C"SHl\IAN and 
TODD. 19-15. Cusl1111;_111 L<ib. Foram. Res .. 
Contr .. vol. 21. p. 81. pl. 13. fig. Ii. 

Tuppnuello jocksonewsis !Cushm;.ml. A>JDER­
SF.l\. 1984. Tul;1ne Stud. Geo!. Palcont .. \·ol. 
18. no. L p. 12. fi~s . 30-33. 

Remarks: The calcium ca1·bonat e test of 
the single recovered specimen of this 
species. and that of all others from the 
Yazoo Formation in Little S tave Creek. 
Alabama. has been replaced \\·ith sil ica, 
wh ich has altered the surface featu res. 
The pits arc enlarged and are more irregu­
larly shaped than those on spccin1cns from 
the Mood~·s Branch Formation in J ackson. 
Mississippi . This single specimen is inter ­
preted as rnegalospheric as the sides are 
only sligh t ly convex. 

Length of specimen No. 10.540 (Figure 
32). 1.12 mm: width 0. 78 mm. 

Subfamily NEAGUITESINAE Andersen. 
1984 

NL\CCrTt:S B'l'R1\:\Jt.:Ns1s tCushmar11 
Figure 33 

Spiruloct11i11f1 /Jyrnm eilsis CUSHMAN. 1922. U . 
S. Geol. Sun·. Prnf. P eiper 129. p . 101. p!. 25. 
figs . la. b. 

Neu91ti les bymmensis iCushmanl. ANDEHSEK. 
J98·L Tu lane Stud. Geo!. P aleont.. vol. 18, 
no. I. p . Lj. fig~. 3D . ..JO. 

Reniarks: This spccirne n hc:is the closely 
interlocked perforations figured by Ander­
sen I 1984, fig. 40l. During t he eurly stages 
of \·veathering the "doughn ut-shaped" 
stsuctures f'orm attached to the inner layer 
of the \Vall (see discussion in Part VJ. 

L ength of sp ecimen No. 10.539 from the 
Reel Bluff Formation !Figure 331. 0.40 mm: 
width 0.23 rnm . 

Nt-:AGLTITES sp . A 

Desci·ipti<m: Spiroloculine cl1;1mber arrangL·­
llll' nL k·ngth s lightl.v less than one and ont'-halJ 
timt:>s \\'idth: periphery carin;_ilt': neck extends 
beyond the penult irnaH.::' chamber: slll·f;_1n~ oftest 
smooth : une row of' pits next to the cari rwt e 
peripher·y aligned parallel to tlw l'hambc1· out­
line. the rest mor·e -01·-less random!.'· disposed 
and spaced t\\"(J ur threP pil diameters apart; 
port's in C"ach pit: <lJX't'IUrt· pood:-< p1·ese1·ved. 
prnhably <_·1'ihrak. Leng1h uf specimen No. 

10.5-11 l'rn111 the B.\T<tni Fun11;11ion t.\·pc localit~ 
!Figun,•:i-11. O. l.-1 1111n : wid th o.:\:-; tlllll. 

Remurfrs: The pL-inisp ir0 l charnbe1· cw­
rangernC'n t of this specimen satisfiC's the 
morphologiccil requirements for the genus 
NeC1g11ites. hut the inter locking per fora­
tions on the test surface. the second rnost 
d ist inctive char~Kkristic . Cll't' missi ng. 

NE:\(;LTrEs m:couATU:::i (Cushman) 
Figures :)5-:18 

lVInssilino decornru C lJSll.'.\lAI\ . 1922. C. S . 
GE:'ol. Slin· .. Prof_ Paper 129-F. p. J l:L pl. JI . 
11.c:. I: CC"Slr:\J/\T'\. 192:~. C. S Gcol. Sun·. 
Prof . Paper· 1:n. p. 55. 5G: COJ.E and POr\­
TON. 19:.m. Florid;1 Geo!. Su n B ull. 5. pl. 
10. Jig . .) : 110\VI:: ;rnd \VALLA.CE. \!l:tL 
Louisiana Gcol. Sur·v .. Gl'ol. Bull. 2. p. 20. 
2!. p l. 2. fig. 6: CUSJIMA:'\ . 10:3.5. C. S. Gcol. 
SurY,, Prnf'. Paper· 181. p. 1:3. pl. ~L fi)!s. 1-1-
Hi: CUSH:\IA.'\ . l!J;{~J. C us lll11a11 L;_1b . Fo 1·;_1111 . 
Hes .. Con tr \·ol. 1.-J. pl. :1 . pl. B. fig. 1:1: 
DF.RGQC"TST. 19·-12. J\'Ti s~i:-;~ippi Gcol. Sun·. 
Bull . 49. p . 22. pl. 10. fig. 26: C 19..JG. 
Cushman Lah. F uI"<llll. HPs .. Spet' . Pub . 16. 
p. 5. 6: pl. I. fi .g. 11: CGSI!MAN ;ind S TONJ::. 
19-Hl. Cushman I.ab. forarn. Res . . Comr. 
\'OI. 2:1. pl.~. p. 18. p l. l :J . fig . 29: DANDY. 
J!) I!). Bulls. Anwr. l-';deon1olo.l.!;v. \'OI. :J2. 110. 

1:31. pl. 2. !ig~. i<t. h : CL"Sl.lMAN. 19-12. 
Cusl11na11 Lab. F'oram. Res .. Contr. ,·ol. .) . 
pt. 2. p. 10. pl. 7. f'ig . 1. 

Spirnfoc11li1w /nmposu HUSSEY l!J..J!). Jmil'. 
Pa!eonto!og.v. \·ol. 23. p l. 26. rig. () 

Neng 11ires /nmpos1u; (Husse>'I. ANDF.RSF.X . 
1984. Tulane Stud . Ceo!. Puleonl .. \"Ol. 18. 
ll() . 1. p . 16. fig~. -11. 12. 

Rernnrks: Until 1984. with the e xception 
of Spiroloc11li110 lnmpusc1 Hussey. a lrnost 
every s mall. srnooth . flat.-sidecl . s piru­
loculinc s pec imen from the E ocene a nd 
Oligocene of the Gulf Coas tal P lain. either 
\Vith an exp osed proloculus or w ith the 
proloculus concealed by the rotat ion of the 
initial coil. was iden1if"ied as MassiUno de­
coruru Cushman . In 1984. A11clersen in­
troduced the genus Neng u it.es and rcf'ctTed 
these sp iroloculinc forms to N ea91.1i les l<tm­
posus: here revised to Neug1dtes decuralus 
(Cushm anl. 

In CushmC1n 's ol'iginal descr·i p t ion. he 
clcsci·ibed the sides of the test as "01·­

namentcd b.v \'C1 ·y f'ine p ils gi\·ing a gr<-1m1-
la r a ppearance to the test . .. This \\Titer 
exCJ.rninC'd s pccirn1._•ns o f' this species from 
the Hoselield . Shubuta. a 11d Red Bluff for­
rnatio11s with the scanning- p)C'ct1·011 111icn J-
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scup C' . T h0 clcdnm photornicrographs 
(Figures ~;'>-:~8) reveal that: 

11 the test has a granular a p pce1rance 
clue lo \\·(:•athering e\·c11 in the best p rc­
se1·,·ccl s p ccir11l'11s reco\'C'rccl: 

2l the midd le• layer in the test \\"all con­
s ists of rod!ik e crvstals looseh- hound nncl 
rando1nl ~' ori ent~cl siir1 ilar. to thal of 
Miliulo su:rurn111 and · Quinq1wluc11l i11u·· 
1uberc11lntn: 

:J i the ··fine pits" percei ved b~1 Cushman 
with the binocular microscope wer e open ­
ings a t the centers of "doughnut-shaped" 
elements. not present in an_v other genus of' 
pi tted IVI iliolaC'cc1 studied: and. 

4 I In Figures :)5. :)(-), c1ncl :n. the 
··doughnut-shape d'' strudures appear to 
b e randomly distributed over thl' test sur­
face. but in .Figure 38. an enlarged sect ion 
of the wall s hows thC'se s tructures to have a 
rational distribution pattern \see discus­
s ion in Part V). 

The main purpose for cxcnnining speci­
mens of Neny11ites deroratus from a variety 
of localities \\'<1S to verif".v the presence of 
tht• pits I h nt must be present in th is speries 
as it has the three-lavcrccl test wall charac-
1cristic of till' µitt cci 1\1iliolC1 lineage. The 
only observed ··pits" arc the holes at th0 
center of' the "doughnut-shaped.. ele­
ments. Most wei·l' in clusters among the 
debris on the wnll o f tlic test and borP a 
s ingle flange with the trace of a circle be­
tween t h e central hole and thf' perimeter 
of the clement . In the lower left hand 
cor ner of' Figure 38. the --doughnut­
sh<lped" cl0me 11t s ;.;tre : 1) sornewlrnt un­
iforrnlv distributed over 1,vall of' the test : 21 
bea r lwo unequal sized !la11~cs 1,1,·ith the 
upper s maller than the lower: and 3J have 
none of the rod!ik e crvstals of the midd le 
layer separa ting the iwo flanges. These 
11,.vo-flnnged ck'ments. the writer believes, 
ar e the rn ·ig·incil p its on the wall of the test 
wea1 h c1·ed iH sil1t . Thl' two "cloughnut­
s lu1ped .. elen1Pnt s abovt' the tPst in FigLll"l' 
;j8 mn1,· be coccolith:-; in the \\'e;:1t!H.'red ck'­
bris 0;1 the s urL.1Ll" of' th t' test. lf not. thl'l1 
s0condar·~· dcpos itioll of calcitf' in thP dou­
ble -llanged e lerncnts c~-1used co<ilescencl' 
of the (1,1,·o ffarn!;es 1,1,·ith thP outline of t!w 
uppe1· flaru;e ~upt>rposed on thP lowPr 
llang;e. After coa lescence. tlw double 
flanged "doughnut-s!wpcd .. st r ucTLire bl' ­
comes " cocC"olith-like eler11c11t ranc\0111!~· 

dispersed within the debris on the surface 
of lhe test . 

IVcuy uires decorutus differs from the type 
s pecies ofthl' genus. NPny1ti t.es bynrn1e11sis 
tFigw·e :1:1). which has obvious pits that 
wenther into nanged "doughnut-shaped .. 
st ructures nttached to the inner l<l\'er of 
the wa!l. As the "doughnut-shapeci" elc•­
ments are present 011 the weathered sur­
fac e of' Neaguiles l(/rnpo:ws !Husscyl. as 
shown by Andersen ( 1984. fig. 42l. and be­
cause Husse~,·s type specimen strong!~· re­
sembles Neaguites decorat11s. it is consid­
ered a junior synon\'In of Neug11ites de­
cornl1ts (Cushman I. 

Figures '.15 <rnd :~G nr0 from the Rosefield 
Formation (LSU GM 10.542): Figure 37 is 
from the Shubuta Formation 1LSU G'.\I 
10.5431; and Figure 38 is from the Red Bluff 
Formation tLSU G:vl 10.5-141. 

\' . DISCt;SSIO:\ 

The Enigmatic Knobs 011 

Pitted Gen em of1\1Hiolacea 

It has been demonstrated 1 see Figure 21. 
th<1t Milioln sa:ronnn (Lamarck! has a 
three-layered test \\'all. An electron µhoto­
rnicrogrnph of a slightly \Vt'athcrccl spcci­
nwn of "Q1ti H(jlleloe11liHa ·· I 11berc1tlata 
[ = Heterilli 1w juckso11e11sis (Cushman I l 
(see Figure 42). confirrns the threefold sub­
division of the wnll in the 1\1.iliola-lineage, 
and more clearly depicts the structure and 
orientation of the calcite crvstals in the wall 
of the test. Flat. intl'r!ocke~l cr.1,·st;ds of cal­
cite form f lw outer h1\·pr of the test and linl' 
tlw walls of' the pits: ·a 1h1ck mass of short. 
rodlike. ranclornlv orient1:.·d crvstals forms 
the middle b.11,·1:.'1:: and. though the inner 
]aver is nut \'isible in the electron photo­
rn.icrogrnph. it is considered to be similar to 
the surface la1,·c·r. 

As the end .product of weatherin.~ of the 
test wall is a series of knobs: diffr·rcnccs in 
the material in tlw wall provide a residue 
of un1,1,·e;.1tlwrcd matl'rial that con1,·crts tlw 
pit into a knob. Tt is possible th;:1t the 
!'oraminifcr ('Onc111Tentl\" Sl'cn·tcd both <H'­
dinan· c<1lcite w1d m;1gnesium-enriel1l'd 
calcit~'. \\·ith m~1gnesiurn-frce calcite depo­
sited around thl• pits. This possibility ma>' 
ha\'l.' heen rcsokl•d \)\· the work of F.arl 
lVlanrnng. a !_!;r<.1duate s.tudcnt at Lou1s1ana 
Statt' U11i1,-ersitv. \\·ho has studil·d a 
f'or;uninif('t"<ll ;tssen bb!.?.l' from tlw 
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Holocene deposits off the coast of south­
eastern Nicaragua. He recovered a single 
specimen of ··Qui 11queloc11li 11n ·· semi retic­
ulosn Cushman from these deposits which 
\vas coated for electron microphoto­
graphy. The coating. unfodunatel:---1. pre­
vents determining the composition of the 
test. However. his results (see Figures 39-
-l 1 J did reveal the three-layered structure 
of the pitted test \Vall. \.\~hich has been 
shown to be present also in Miliola 
suxorum (compare Figures -11 with Figure 
2). but with a greater number of perfora­
tions in the test than in the type species. 
Thus. his spccirnen should be placed in the 
genus Mi.liola and the range of' the genus 
must be extended into the Holocene. Man­
ning kindly g ranted permission to include 
his photographs in the plates (Figures :·rn-
411. 

A second possibility. favored by this 
writer. is that the formation of knobs c8.n 
be attributed to the structure and orienta­
tion of the calcite crystals in the test wall. 
The loosely bound . rodlikc crystals of' the 
middle layer (see Figure -12 ) would be 
more readily dissolved or eroded . but the 
interlocked ,crystals of the outer and inner 
walls would be more resistant. In time. 
chemical and or mechanical weathe ring 
could remove the out.er and middle layers 
of the wall between the pits. but a few of 
the rodlike crystals from the middle layer 
weld the pit to the inner wall of the test. 
converting the pits into knobs. Concur­
rently or later. additional calcite could 
have been deposited in the pits enhancing 
the knobs. Laboratory washing proce­
dures may affect the ornamentation a nd 
the weathered surface of' the test. The na­
ture or amount of' such alterat ion is not 
known. 

The presence of knobs h as been noted in 
some species of pitted Miliolacea. K nobs 
characterii',e the species "Qu i11q1te­
luculi11a .. t.uberevlaw Cushman and Todd 
from the Moodys Branch Formation at its 
type loca li ty in J ackson. TVTississ ippi. 
Doughnut-shaped structw·es ch8.racterize 
the species "Massi Ii na ·· dPcornta 
Cushman. which occurs in almost every 
neritic forarninif'eral <1.ssemblage in 
Louisiana, Mississipp i. a nd Alabama sedi­
ments. Tv .. 1 0 questions are to be consid­
e red: 1) what set of' cii ·curnstances produc-

eel the knobs: and. 21 are the ··cioughnut­
shapecl " structures the product of diagcne­
tic a lteration of' the test \\'all. 

The original description of" "Q11i11-
4ueloc1di Ho .. t uberc11latu (Cushman and 
Todd. 1945 ) includes the following state­
ment: "\vall ornamented \Vith raised knobs 
a rranged in longitudinal rows. in well pre­
ser·ved s pecimens each knob having a pit 
on its summi t ond appearing to Le pe1-fo­
rated. in eroded specimens the knobs may 
be worn off leaving o n ly rows of pits cmd 
faint longitudinal costae ... Thi s species is 
very distinctive ,,·ith its striking raised or­
namentation and shou ld be a good index 
fossil for the Moodys marl." The above­
quoted description stating that "knobs n1ay 
be \Vorn off le<tving only ro\VS of pit.s'" is 
one of the principal reasons the present 
study W8.s ini tia ted . If the ir inte rpre tation 
is correct. then erosion could convent 
knobs into pits o n specimens of ot he r 
species of Miliolacea. 

Geological and Geuqnipliicnl Di.s1.ributio11 
uj'the Pitted Miliola cea 

The distribution of' the pitted Miliolacea. 
other than the genus Neagnit.es. rem8.ins 
essentially as described previousl:.r (Ander­
sen, 1984). The oldest recognized genus . 
Texi.na, is r e ported only from the Claibor­
nian (Mi ddle F:oce ne) Wec hes Formation 
of Texas. A geologically younge r. matw·e 
l\.Iiliuln and Heterillina assemblage (see 
Table Tl is pr·esent in the Moodys Branch 
Fonn<:i.tion at .Jackson. Mississippi. but is 
rnissing f'rorn the excellent and lithologi­
cally s imilar outci-op of' Moodys Branch at 
Montgomery L anding . Grant P arish. 
Loui siana, and from the ove rlying Yazoo 
Formation. 

During U pper Jacksonian (Uppe r Eo­
cene) tirne. the pitted Miliolacea appear to 
have migrated southward in to deeper 
water elastics as exposed at Little Stave 
Creek. Al abama. and eastv .. 1 rt rd into the 
carbon ate-r ich deposits of the Ocal<t Group 
in F lo i·ida. where Puri ( 1957) reports 
Miliula in certain ;:ones. The extent t.o 
w hich the pitted Miliolacea are presen t in 
the foram inifcr·al assemblages of Florida 
rnay never be fully recognized due to con­
ditions unfavorable for good preservation 
of miliolid tests . 
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Oligocene pitted assemblages are best 
studied in the Br~'am Formation of" Missis­
si ppi where almost ever~' known pitted 
Oligol'.elll' species is µi·e sent (see Table I). 
T\YO pitted spec..:ies. Miliul(I byrn111e11sis 
and Nlilioln chipole11sis are reported from 
the Neogene of' Florida. Thus. the range of 
the pitted Mi liolacca extends into the 
M iocene. but no higher. No Holocene 
species w ith pitted tests arc reported from 
t.he Gulf of' Mexico area. 

The genus Neaguites requi1·es special 
Lons icleration. It is distinguished b~· its 
p lanispiral coil. generally with the pro­
loculus ex posed on both flat sides of the 
test : the lack of a cribratc apc1·ture: and its 
length which r<-1rely exceeds 0.60 mm. 
Neoguires clecoratus (Cushmanl occurs in 
ever~· U pper J acksonian and Oligocene 
sample examined (see Table Il. and i11 
some samples. sm.'.h as the Rosefield For­
mation in Louis iana. it is the dominant 
miliolacean in the assemblage. Only in the 
B v n :Hn and Red BluCf" formations does 
N~aguites occur with an appre ciable 
!lUl11ber of o1her mi lio]aceans. 

The geological range of" Neng nites <.'X­
tends f"rorn the Lower Jacksonia n (Upper 
Eoccnel through the Oligocene: its ge og­
raphical distribution includes Louis ian<t. 
M ississippi. and Alabama. It has not been 
reco1·ded from the Jacksonian of F lorida. 
The morphologic;1I <.'qui\·alent o f Ne­
ng11i1es . but with an ach·1...'ntitious test and 
widely spaced pits is Texi1w. from the 
Wcchcs Formation (Lower Eocenel of 
Texas. 

E111·iron11w111ol J111plicc1t io11s 

The appcffcnt en\·ironmcnt in \vhif'h 
most of the pitted Miliolacea thr i\·ed 1 at­
ta ined their maximum growth). as prt:'\' i­
ously reported b» Andersen I 198-L p. 181. is 
in war m. shallow water. Lending c1Tcie!H:e 
to this observation is t.h1...• 1n11nbcr of pitte d 
species present in the Ocalc.1 Gro up 
! F:ocene 1 of Floricl<-1. \\'hich eprt <1 i 11 l~· n•p­
resentcd c.1 \\'arm. s hallo\\' \\'a te r c•n \·iro11-

1nc111. 
A p ro b lem \\·hich ma» han."' e n\·irornnen­

tal implications . howc\·er. is the redu ction 
in size and rcire occwTcnce of tlw pittl'd 
Miliolacca in the Bvram and Red B luff for­
mations. r11 these t~\'u Oligocene formati o n. 
most of the pitted Miliolacec.1 <ll"l' so s nrnll 

that only the largest indi\·icluals are re­
tained on the GO mesh sie\'e: so rare that 
one is most f°<H'tunate to reco\·er a sing le 
specimen per tra>' of sample examined. 
Their association vv ith pelagic foraminifera 
indicates that the d epth en\'ironrnent has 
shifted from in ner ncritic wate rs at 
Jackson. Mississippi. to n1iddle or out1...·r 
ncritic a t Byram. Mississippi. a distance of 
onl>· about 10 miles <-md cm·ering a time 
span of millions o f ~·ears. Either a s hift in 
en\·ironrnent or ackancing time has 
brought c.1bout the L!hange s ohser\'ed in the 
assl'mblages . 

The time s pcu1 of" a species nrn~· result in 
reduction in size and or dis tortio n in tlw 
shape or the test. One spe t illl (.'!1 r eCO\'l' l"l'cl 
f"rorn the Re el Bl uff Formation is ich .. •ntifi1...•cl 
as Miliola cf. M. snxorum (figure 19! on tlw 
basis of the dis t ribution of the p its on thp 
wall of the test. The spec ime n is small. 
slight!~· distorted. and ha s a length-width 
r<1.tio greater than the no rni fo r JT. 
saxon1111. Tf this species assig n men t is cor­
rect. this s pe cimen could be regarded as 
e\·icl(•nce o f s(•nility in th is sp(•cies. 

Time is considered the factor lt•ast l ike!~· 

to produce dwarf specimens Ill thP Byram 
and R e el Bluff formations . The many small 
m e mbers of the se assemblages etppear to 
be robust specimens of unclescribed 
species o r small reµres e ntati\'es of large 
pitted fonns which occur in the o\·erlying 
Miocene st rata. It is possible that the 
d<.'e p e r wat1...•r l'tl\"iromnent may ha\·e fa· 
\·orecl earl~· maturit~· t111cl rc.•procluction. re· 
suit ing m the sm;.tll tl'st sll.l' In m<.rn~· 
s p 1...·c i(•s of" foraminif"era. it is known that 
\.(' r>· !arg<.' 11H.li\·iduals result frolll clela~·l·cl 
repr oducti()ll. not fn)tll fa\'orable en\·i r on­
nwntal co11ditions. 

Relnt iu11sh 1p qf'G11l.f"C<)usrnl J)/ni11 
and Poris Bnsi11 .'\Ii/ioloceH 

Cus h man·s iclc.•nt1f"ication 111 19:t) of 
i\·l i liolll sn.ror111n lLtunarcki from th1...• 
J a ckson Group of tlw Gul f" Coast<tl Plain is 
correct. It is unequi\·oeall>· the salll(' as the 
Lam~ll"ck "s species from tlw Paris Basin. 

O ne group of fortiminifpr a in t he.• Lute­
tian. hoWL'\TI". causes some eorwvr n-lhl• 
small piltvd forms with a l<·ngth-wiclth ratio 
of ;3 or -J to 1. which ha\"l' isonwrphs in the 
Gulf Coast;d Plain . Thl' s pecimt.' llS from 
G n g 11011 a11cl D<1nH.·r>·· Fr;l!Wl', haH' a d is· 
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tinguishing feature in the keel on the distal 
end of the final chamber. One pitted speci­
men rcCO\'erecl from the Byram Formation 
apµears to ha\·c this featur e. but it is not 
obser\'able ill other spec_:in1cns from the 
same sample because they \vcrc all frag­
mentary wit.h the crucial portion of the test 
n11ss1ng. Thus. Miliola birosrris 1La­
rn;:1rck I. or sorne other dosely related 
spec.:ies frorn the Paris Basin. ma~· occur 
also in the Gulf Coastal P lain. 
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