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PilOCEEDINGS OF TUE ACADE\IY OF [ 1882. 

ON THE RELATIVE AGES AND CLASSIFICATION OF THE POST-EOCENE 

TEBTIABY DEPOSITS OF THE ATLA.NTIC SLOPE. 

BY ANGELO HEILPRIN. 

lt may appear surprising timt för a period of nearly fifty years 
after the stu,ly of the American tertiar,r formations was first 
systcmatieally attempted, there shouhl still havc existe<l among 
geologists widely varying views, not only relative to the positions 
oeeupied by a eonsillerable prnportion of the clcposits in q nestion in 
the gcological scale, but also relative to the positions occupiecl by 
these deposits in respect of each other. Yet ,:rncl1 lms been the 
case, and it may still be said to be the case at the prcsent time. 
The existence of post-eoccnc deposits along the A tlantic hor<ler 
of the United Statcs has long since been recognized, and their 
contai1w,l fossil rcmains invcstigate,l and delineatcd by paleon­
tologists of more or less abilit.Y. While the opinions expresse,! 
by certain geologists as to tlw age of at least some ot' these 
cleposits may be said to have hecn Rubstantially correet, yet in 
face of the conflicting Yiews of oLher gcologists of 110 lcss cx1>c1·i­
cnce and prominence, which were sct forth and rnaintained with a 
(lecisfrenes8 nnwarrnnte,l by thc cl1:1rncter of tlie re;;carch upon 
which tlwy wcrc basetl, it may bc statcd that the gcnernl ouLcome 
of our knowledge respecting the stratigraphy ot' tlw deposits hcre 
referre<l to is simply, timt they hold a position somewliere inter­
mcdiflte hetween tlie eocenc and tl1c post-pliocene series. 

The post-eocr nc tertiary <leposits have thcir greatest rleYelop­
mcnt, aml have been most carefully i111·cstigntctl in the States of 
Marylarnl, Virginia, North and Sonth C,1roli11a. 1u thc rrequcntly 
cxprcsscd opinion of Mr. Conrnd thcy r1•prescntcd o,·er thc cntirc 
an•a lwrc indi,:aterl one geological förmation, which timt geologist 
gp1wrally asserted to be thc miocenc, ln;t whiclt, aL tlte same Lime, 
hc not unf'reqnently considered tobe Lh,: equiv:1le11l of the British 
crag, a fonuntion now unin•rsally regar<h·d a~ heing of plioeenc 
age. 

No attern pt nppears to ha 1·e bcen made to d• tcrmine whethcr 
thc deposits werc rcförnble to onc or severnl fa1111al horizons, am! 
the organic r<·mains ohtained from tlw111 w1·r,· simply elassifil•<l :1s 
hclonging to the miocenc or "medial L1·rti,1 ry" 1wrirnl. The 
circumstance that in N ortlt Carolina the prot,01 t1011 ul' rel'Cllt Lo 
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cxtinct forms among the imheddc<l rcnrnins was grcater than 
in cithN Yirgini:i or Maryl::ind di<l not escape the notice of thc 
ohsener mentioned. but yet he di<l not hesitate to conclmle (Kerr, 
Geologieal Survey of North Carolina, Appendix, p. 25, 1875) that 
ltis mioccne strata represcntcd "one contemporaneous sca bottom, 
hol<ling living individuals of' ccrtain s1:eeies throughout its entire 
Jength, ::md which is 1,lmractcrized by some of its spccies closcly 
rcsembling existing ones, bnt rnany morc having no affinity with 
A mcrican shells." How many of the fossil species were by Mr. 
Conmd consi1krctl to be i<lcntical with reccnt forms, it is impos­
sible to <letermine with any amonnt of exactitude,since the opinions 
of that gcolugist hl'aring upon this point appear not to have bcen 
tixe<l and to ha ve 11uctu:1terl cxtcnsively within vcry hricf intcrvals 
or time. 'l'hu!'-1, while in 1838 (Fossils of thc Medial 'l'crLiary 
Formations, Introduction, p. xvi), it is asserterl that of about 
200 <lescribrd spel'ies 19 ( or less than 10 per cent.) are still 
among thr living fäuna, in 18 rn t Proc. Phil. Acarl. Nat. Scicnces, 
i, p. 328), thc nnmber of rccent forms is said to bc 43 out of a total 
of ,328 <lcscrihcd; in 18ß2, on tlw otlwr hnnrl, ,.,.f.,,·,·i!!g t0 t!!(! 

Sonth Carolina <lcposits, where thc perccntage of rPccnt form,; hacl 
u:•en daimc<l to uc grcatc1· than in cither of the other thr1•e states, 
Mr. Conra<l maintains that "it may be timt all the species are 
extinct" (Proc. Al'a<l. Nat. Scicnces, xiv, p. 559\ lt is further 
statl'<l (loc. cit.) timt of the cntirc numhcr, !181, of mioccnc slwlls 
of thc Atlantic stope, the number of form,; timt could be con­
si(h-rcd as donhtt'ully .identical with recent specics was not more 
than 30 (or about 5 per C(')lt). 'l'he fäunal rclations existing 
hctwccn thcsc so-callcd "merlial tei·tiary " dcposits and the 
deposits of the ßl'itish cr'lg and the fölun,; of the Loire, at that 
time supposed to Le of nearly equivalent age, werc likcwisc pointed 
out hy Lycll (,Jomn. Gcul. Socicty, i, pp. 4L3 et. seq.), who also 
did not fail to notice that in N orth Carolina "the recent spl'cies 
bore a l:irger prnportion than usual to the cxtinct" loc. cit., p. 
418). ßut this geologist, with his chametcristic acutencss, förth1•r 
rcmarks: '' As, howc,·er, it wou:(l bc Yl'ry r,1sh to assume timt all 
the miocene deposits of the Unitcd States, es1wcially in countries 
ac; far ap 1rt as Mary land :11111 Sonth C,trolina, were of strictly <:on­
tempomueons origin, the fossil fannas of each rcgion shonld ue 
carefully clistinguishcd an<l con,ickred sepnratl'ly" (p. 418). Of 
147 spccies of mollnsea gathered by Mr. Lycll himselt', and which 
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wcre subsequcntly stll(lic,l with thc assistancc of Mr. Sowcrb,r, 
twcnty-thrce ( or 15½ per ccnt.) were considcrcd to be fdentical 
with recent forms (p. 419). In thc later eclitions of the "Elements 
of Geology" (1871, 1874) the 1leposits in qnestion are referred to 
the pliocene and miocene, but no clearly defined statement is given 
as to which belongcd to the one age, and which to the other. 

From a more careful examination of the South Carolina region 
than had previonsly becn made, Mr. Tuomey arrived at the con­
clusion (Gcolog,r of South Carolina, 1848), that the post-eocene , 
tcrtiary deposits of that State helonged to the pliocene, and not 
to thc mioccne period, and that, consecpiently, they were not 
contcrnporancons with the 1leposits (in Virginia) which had now 
hecn firmly rccoguizcu as typically representing the miocene of 
the eastcrn United States. Of about 170 species of mollusca 
contained by thcm, somewhat more than 80 (or nearly 50 per 
ccnt.), were considered to be still lidng along the Atlantic and 
Gnlf coaets I op. cit., pp. 206-208). 'firn pliocene age of these 
cleposits was maintained by Professors Tuomey and Holmes in 
their" Pleioeenc Fossils of South Carolina n ( 1857 ), whcre, also, 
thc llcposits of N orth Carolina (miocene of Emmons, N orth Caro­
lin:1. Gcologic::tl Survey, 1858), are referred to the s::une period. 
Of 203 species of described invertebrate remains (mollusks, 
cchinoderms, 11nd corals), 85 (or 42 per cent.) were considered to 
have living analogues (op. cit., Introduction, IX.) The deter­
minations of 'l'nomey and Holmes for both the South and N orth 
Carolina clcposits are accepted hy Dana for the several editions 
(18G3, 1875, 1880) ot' his "Manual of Geology," where the 
" Yorktown" 1wriod is made to include thc post-rocene tertiary 
beds of Virginia, Maryland, New ,Jors<'y, and Martha's Vineyan:l, 
and thc" Smnt,T" period, the similar bcds of North ancl South 
Carolina. In the" Cheek List ofthe Invertebrnte Fossils of North 
.America," prP[Xll'etl (doubtless from oata furnished by Conrad) 
in 18!i4 by Mr. Meck, for the Smithsonian Institution (Miscella­
ncons Collectio11s, VII.), all the non-eocene or oligocene tertiary 
fossils of the eastern United States are classed as belongin@: to 
the miocenc periocl; and finall.r, Prof. C. H. Hitchcock, in the 
'' GPological Map of the Unitcd States" ( 1881 ), nccepts the 
mioccne dctcrmination for the age of the N orth and South Caro­
lina dcposits, as likewisc for the Virginia deposits, and those of 
the pcninsula of Mar_yland. The deposits of the Marylllnd east-
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shore, of Delaware, and the greater portion of those in New 
Jersey which lie to the east and south of the "upper marl bcd," 
and whose age has not yet been satisfactorily made out, are 
embraced within the pliocene (newer tertiary). 

In order to facilitate the solntion of the stratigraphical problem 
herein involved, the following faunal lists of the sen,ral Statc>s 
(Mary land, Virginia, N orth and South Carolina) have been 
prepared, and comparisons between them institnted. Tl1e utterly 
desultor_v and careless manner in which a very considerable 
portion of the paleontology of the region referred to has been 
worked up, ha.s rendered their preparation a matter of great 
difficulty, ancl, indeed, if absolute accuracy is concernccl, u weil 
nigh impossibility. Not only have species been referrccl to 
several distinct genera (and families), and catalogued mHler their 
respective generic nam~s independently of eacl1 other, bnt in 
several insta.nces the identical specimen has becn figured and 
redescribed under two or more forms; species, again, origina.lly 
described from the deposits of one Sta.te, have been subsequently 
credited (and to the exclusion of the first-named locality i to thc 
deposits of another State. Defective illustrations, and in very 
many cases the absence of illustrations altogether, havc still 
further increased the difficulties, especially where the rlrscribed 
specimens themselves are wanting, or where through an unsatis­
factory diagnosis their specific ( or cven generic !) idcntification 
is rendcred hopeless. Many of the forms herc inclucled are 
therefore taken on faith, and many will donbtless have to be 
excluded when fresh material is gathere(l in thc field and 
re-stndied. Per conlra, many forms, seemingly doubtfnl, have 
been excluded, which rnay possibly have to bc reinstatecl 011 

further examination. Where it has been possible (:rnd this has 
been the case for most of thc forms) the original descriptions of 
the species have been referred to, aud the localities of thcir occur­
rence there indicated have been those which have been noted; 
species said to occur in the deposits of several States have been 
traced back for re-descriptions. or to papers bearing specially on 
the paleontology of those States, but very little reliance being 
placed 011 general enumerations of distribntion. By tbis means 
it has been hoped to rencler the lists as complete and frec from 
error as could reasonably be made possilile, ancl while, donl1tless. 
various rnodifications will eventually hav~ to be introducerl, it is 

2 
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confidently believed by the author timt they so für represent the 
true sta1:e of matters as to permit of positive conclusions being 
<lrawn from them. 

The comparisons here inst.itnted between the molluscan faunas 
from the deposits of the several States have been made sepa­
rntely for the lamellibranchiata anrl the gasteroporla; and it 
may lw stated at the ontset timt the results obtained from the 
in<lependent examination of these two groups of organisms have 
been fonnd singularly confirmative of each other. The letters 
following the name of a species denote timt the form is also fournl 
in the State or States indicated by their respective charncters; 
but it mnst be noted in thc ense of the g3steropoda, that compal'i­
sons, as indicated by such initial chara.:!ters, are rnade between 
certain States only. a.nd, therefore, it is not. to he concln,led frorn 
the examination of' a single !ist, timt a given form there designated 
is necessarily wanting in a State whose characters are not indi­
cated in th11t !ist. Thus, in the South Carolina !ist only the N orth 
Carolina species are specially indicated, althpugh several of these 
last, and others, are also found in the Virginia and Marylaml 
<leposits; so, again, in the Virginia list, no special refärence is 
mach, to the Maryland forms. 

TABLES OF THE PosT-EüCENE TERTIARY LAMELLIBRANCHIATA 

OF SoUTH CAROLINA AND NüRTH CAROLINA. 

SouTH CAROLINA. 

Anomia ephippium, N. C. 
Placunomia plicata, 
Ostrea Virginiana, N. C.; Va.; M. 

" Ravenelliana, 
Chama corticosa, 

" arcinella, 
N. C.;Va. 

N. C. 
congrogata, N. C.; Va. 

Plicatula marginata, N. C.; Va.; M. 
Janira hemicycla, 

affinis, 
Pecten Mortoni, N. C. ,, 

" 
eboreus, 
comfarilis. 
Peedeensis, 

" septemnarius, 
Mytilus inflatus, 

i ncrassa tus, 

N. C.;Va. 
N.C. 
N.C. 

Va.;M. 

N.C. 

Arca hians = A. propatula? Va. 
" incile, N. C.; Va.; M. 
" costata, N. C. 

" 
" 
" 

" 

" 
" 

centt>naria, N.C.; Va.; M. 
rustica, 
lienosa, N. C. 
= A. Floridana, 
scalaris, N. C.; Va. 
incongrua, 
pexata, 
plicatura, N. C.; Va.; M. 
(A. improcera,) 
( A. requicostaia,) 
(A. transversa) 

Pectunculus subovatus, 
N. C.; Va.; M. 

" lentiformis, N. C.; Va.; M. 
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Pectunculus passus, N. C.; Va. 
" quinquerugatus, N. C. 
" lrevis, 
" aratus, N. C. 
" transversus, 

Yoldia limatula, N. C.; Va.; M. 
Leda acuta, N. C.; M. 
Nucula proxima, 

= N. obliqua, N. C.; Va.; M. 
Lucina contracta, 

= L. filosa, N. C.; Va.; M. 
anodonta, N. C.; Va.; M. 
Pennsylvanica, N. C. 
radians, 
= L. Antillamm, N. C. 
squamosa, 
=L. pecten, 
cribraria, 

N.C.;Va. 
M. 

divaricata, N. C.; Va.; :M. 
costata, 
crenulata, N. C.; Va.; M. 
multilineata, N. C. 
trisulcata, 

Cardium Carolinense, 
• = C. magnum? N. C. 

·' muricatum, N. C. 
" sublineatum, N. C.; Va. 

Cardita arata, N C.; Va.; M. 
" granulata, N. C.; Va.; ~I. 
" tridentata, N. C. ? 
" carinata, N. C. 
" perplana, N. C. 
" abbreviata, N. C. 

Astarte undulata, N. C.; Va.; M. 
" bel1a, N. U. 

Gouldia lunulata, N. C.; Va. 
Crassatellaundulata, N. C.; Va.; l\L 

" Gibbesii, N. C. 
Cyrena densata, N. C.; Va. 
Rangia clathrodonta, N. C.; Va. 
Venus Rileyi, N. C.; M. 

Venus mercenaria, N. C ; Va.?; M.? 
" athleta, N. C. 
" tridacnoi<les, N. C.; Va.; M. 
" fermagna, Va.; M.? 

Cytherea subnasuta, M. 

" 
" 
" 

reposta, 
Sayana, 
cribraria, 

N. C.;Va. 
N. C.; Va.; M. 

N. C. 
= C. punctulata? 

" cancellata, 
Circe metastria, 
Artemis intermedia, 
Petricola pholadiformis, 
Tellina biplicata, 

" al ternata, 
" lusoria, 
" polita, 

Strigilla flexuosa, 
Psammocola Pleiocena, 
Cmningia tellinoides, 
Amphidesma carinata, 

" equalis, 
" orbiculata, 
" requata, 

Donax variabilis, 
Standella fragilis, 
Mactra similis, 

N. C.;Va. 
N. C. 

N. C.;M. 
N. C. 

N C.;Va. 
N. C. 
N. C. 

Va. 

l\L 
N.C. 

N. C. 
N. C.? 
N. C.? 

N. C. 
= M. solidissima, 

" Iateralis, N.C. 
" congcsta, N. C.; Va.; 

Pandora trilineata, N. C.? Va. 
Panoprea reflcxa, N. C.; Va.; M. 
Corbula cun.eata, N. C.; M. 

'' inequale, Va.; M. 
Pholadomyaabrupta, N.C.;Va.;M. 
Solecurtus Caribreus, N. C. 
Solen ensis, N. C.; M. 
Pholas costata, N. C.; Va.? lW .• ? 

'' oblongata, N. C. 
" Memmingeri, N. C. 

NüRTH ÜAROLJNA. 

Anomia ephippium, 
Ostrea Virginiana, 
Pecten comparilis, 

S. C. 
S. C.; Va.; M. 

S. C. 

Pecten eboreus, S. C.; Va. 
" Clintonius. Va.; 11. 

-~ P. Mai:-ellanicus. 
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Pecten Peedeensis, 
" Mortoni, 
'' Jeffersonius, 
" Madisonius, 

s. c. 
S. C. 

Va.;M. 
Va.;M. 

" vicenarius. , 
Plicatula marginata, S. C.; Va.; M. 
Mytilus incrassatus, S. C. 
Crenella, sp. ? 
Chama arcinella. S. C. 

" 
" 
" 

corticosa, 
congregata, 
striata. 

S. C.;Va. 
S. C.;Va. 

Arca lienosa, S. C. 
= A. Floridana. 

" limula, Va. 
" scalaris, 
" incile, 

S. C.; Va. 
S. C.; Va.; M. 
S. C.; Va.; M. " centenaria, 

•· crelat_a, S. C. 
" idonea, Va.;M. 
" plicatura, S. C.: M.; Va. 
" brevidesma. 
" subsinuata. 

Pectunculus subovatus, 

" 

" 
" 
" 
" 

S. C.; Va.; M. 
lentiforrnis, 

S. C.; Va.; M. 
aratus, S. C. 
tricenarius. 
passus, S. C.; Va. 
Carolinensis. 

" quinquerugatus, S. C. 
J;,eda acuta, S. C.; M. 
Yoldia limatula, S. C.; Va.; M. 
Nucula proxima, S. C.; Va.; M. 

= N. obliqna. 
Lucina Pennsylvanica, S. C. 

'' contrttcta, S. C.; Va.; M. 
= L. filosa. 

" 
" 

" 
" 
" 

crenulata, 
anodonta, 
radians, 

S. C.; Va.; M. 
S. C.:Va.: M. 

S. C. 
= L. Antillarum. 
divaricata, S. C.; Va.; M. 
multilineata, S. C. 
squamosa, 
= L, pecten. 

S. C.; Va. 

Loripes elevata. 
Mysia Americana (e-cclinis). 
Cardium Carolinense, S. C. 

= C. rnagnum? 
" muricatum, S. C. 
" sublineatum, S. C.; Va, 

Glycocardia granula. 
Jsocardia fracterna, 
Cardita arata, 

" perplana, 
" granulata, 
" abbreviata, 
" tridentata, 
" carinata, 

Va.;M. 
S. C.; Va.; M. 

s.c. 
S. C.; Va.; M. 

S. C. 
s. c. 
S. C. 

Pleuromeris decemcostata. 
Astarte bella, S. C. 

'' clathra. 
" undulata, 
" curta. 

Gouldia lunulata, 
Crassatella undulata, 

" Gibbsii, 

S. C.; Va.; M. 

S.C.;Va. 

S.C.; Va.; M. 
S. C. 

" Marylandica. M. 
" melina, Va.;M. 

Verticordia, sp.? 
Cyrena densata, S. C. ; Va. 
Rangia clathrodonta, B. C.; Va. 
Venus mercenaria, S. C.; Va.? l\'L? 

" tridrenoides, S. C.; Va.; M. 
" Rileyi, S. C.; M. 
" alveata, Va.; M. 
" latilirata, Va. 
" atbleta, S. C. 

Cytherea Sayana, S. C.: Va.; M. 
" reposta, S. C.; Va. 
" cribraria, S. C. 

= C. punctulata? 
Circe metastria, S. C.; Va. 
Artemis transversus. 

= A. intermedia? 8. C. 
" acetabulum, Va.; M. 

Tellina biplicata, S. C.; M. 
" lusoria, S. C.; Va. 
'' altemata, S. C. 
" poli ta, S. C. 
" arctata. 
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Strigilla flexuosa, 
Amphidesma requata, 

" equalis, 
Mulinia variabilis. 

S. C. 
S. C. 
S. C. 

Mactra congesta, S. C.; Va. 
" oblongata, S. C. ? 

= Standella fragilis? 
" lateralis, S. C. 
"' similis, S. C. 

= M. solidissirna. 
Donax, sp.? 

Pandora trilineata? 
Panoprea reflexa, 
Corbula cuneata, 
Pholadomya abrupta, 

S. C.;Va. 
S. C.; Va.; M. 

S. C.;M. 

S. C.; Va.; M. 
Solecurtus Caribreus, S. C. 
Solen eusis, S. C.; M. 
Pholas costata, S. C.; Va.? M.? 

" ob]ongata, S.. C. 
" Memmingeri, S. C. 

.An examination of the preceding lists shows that of about 103 
forms of lamellibranchiate mollusks found in the South Carolina 
deposits no less than 74-78 (or abont 74 per cent.) are also 
found in the deposits of N orth Carolina; these last being repre­
sented by an almost equal number (106) of specific forms, the 
relative percentages of those common to the two St'.ltes will 
necessarily be nearly identical. We have thns p,:ima facie 
evidence tliat the deposits characterized by these remains helong 
very nearly, if not absolutely, to the same geological horizon. On 
the other hand, of the South Carolina forms at most only 43 ( or 42 
per cent.) are indicated as being found in Virginia, and a still 
smaller number, 34 ( or 33 per cent.) in Mary land. w· e ha,·e here, 
therefore, strong evidence tending to prove that the deposits of 
the last mentioned States represent a horizon different from those 
indicated by the deposits of South Carolina. Similarly, of the 
106 N orth Carolina species, at most only 48 ( or 46 per cent.) are 
common to Virginia, and 36 (or 34 per cent.) to Maryland. a 
result that strikingly confirms the conclusion that has j 11st bcen 
drawn. 

Passing now to the examination of the Virginia lamellibranchi­
ates, we find, as is shown in the following table, a total of abont 
109 specific forms: 

VIRGINIA. 

A nomia Ruffini. 
Ostrea sculpturata. 

" disparilis. 
" Virgiuiana, S. C.; N. C.; M. 
" subfalcata. 

Pecten fraternus. 
" Rogersi. 
" biformis. 

Pecten Virginianus. 
" tricenarius. 
" Jeffersonius, 
" dispalatus. 

N. C.;M. 

.. septemnarius, S. C.; M . 

" Clintonius, N. C.; M. 
= P. Magellanicus. 

" eboreus, ::l. C.; N. C. 
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Pecten Madisonius, 
" decemnarius. 

Plicatula marginata, 

N.C.;M. 

S. C.; N. C.; M. 
Perna maxillata, 
Crenella req uilatera. 

M. 

Arca centenaria, S. C.; N. C; M. 
" incile, S. C.; N. C.; M. 
" idonea, N. C.; M. 
" protracta, S. C.? N. C.? 

= A. lienosa? 
" scalaris, S. C.; N. C. 
" propatnla (hians) H. C. 
" limula, N. C. 
" plicatnra, S. C.; N. C; M. 

Pectunculus subovatus, 

" 
" 
" 

S. C.; N. C.; M. 
tumulus. 
passus, 
lentiformis, 

S. C.;N.C. 

S. C.; N. C.; M. 
Y oldia limatula, S. C.; N. C. ; M. 
Nucula obliqua, S. C.; N. C.; M. 

(N. proxima). 
Lucina squamosa, 

= L. pecten. 
S. C.;N. C. 

" 
" 
" 
" 

crenulata, S. C.; N. C.; M. 
divaricata, S. C.; N. C.; M. 
anodonta, S. C.; N. C.; M. 
contracta, S. C.; N. C.; M. 
= L. filosa. 
Leana (lens). 

" edentula. 
Mysia Americana, 
Kellia lrevis. 

striata. 
Erycinella ovalis. 
Sphrerella subvexa. 

N. C. 

Chama corticosa, S. C.; N. C. 
" congregata, S. C.; N. C. 

Cardium Virgiuianum. 
laqueatum, ll'L 

'' sublineatum. S. C.; N. C. 
l socardia fraterna, N. C.; M. 
Cardita arata, S. C.; N. C.; M. 

"' granuJata, S. C.; N. C.; M. 
Astarte undulata, S. C.; N. C.; M. 

Astarte (Euloxa) latisulcata. 

" arata. 

" Coheni. 

" concentrica. 

" lineolata. 
" symmetrica. 

Gouldia lunulata, 
Crassatella undulata, 

S. C.;N. C. 

S. C.; N. C.; M. 
" melina, 

Cyrena densata, 
Rangia clathrodonta 
Venus capax. 

ascia? 
" latilirata. 

N. ü.";M. 
S. C.;N. C. 
S. C.;N. C. 

N. C. 

" 
" 
" 
" 
" 

mercenaria? S. C. ; 1\L? 
permagna, S. C.; M.? 
alveati., N. C.; M. 
Rileyi, S. C.; N. C.; M. 
tridacnoides, 

S. C.; N. C.; M. 
Circe metastria, 
Cytherea obovata. 

" 

S. C.;N. C. 

8. C.;N. C. .. reposta, 
Sayana, 
densata. 

S. C.; N. C.; M. 

" 
" Virginica. 
" cortinaria. 

Artemis acetabulum, 
Petricola centenaria, 
Tellina declivis. 

" egena. 

N.C.;M. 
M. 

" lnsoria, 8. C.; N. C. 
Abra subr- flexa. 
Cumingia tellinoides, 8. C. 
Mactra modicella. ,, delumbis, 

" congesta, 
" triquetra. 

Thracia transversa. 
Anatina antiqua. 

M. 
S. C.; N. C. 

Pandora crassidens, S. C.; N. C. 
= P. trilineata. 

" aremosa. 
= P. trilineata? 

Mya producta, M. 
'' corpulenta. 
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Porarnya snbovata. 
Corbnla inequale, S. C.; M. 
Pholadornya abrupta, 

8. C.; N. C.; M. 
Panoprea reflexa, S. C.; N. C.: M. 
Solen rnagnodentatus ? 

Saxicava bilineata, M. 
= 8. rugosa. 

Saxicava pectorosa. 
Pholas (?) rhomboidea. 

" acumiuata, 
S. C.? N. C.? M.? 

= P. costata? 
Teredo fistula. 
Gastrochrena ligula. 

NoTE.-The following species described by H. C. Lea (Trans. Amer. 
Philos. Soc. IX, new series), based upon young shells, or upon such as 
barely adrnit of characterization, have been omitted frorn the enumeration : 
Avicula multangula, Anatina tellinoides, Cytl1e1'ea elevata, C. splierica, 
Leda acutidens, L. ca1'inata, Modiola spinige1'u, Mya 1'eflexa, Nucula 
dolabella, N. diapliana, Panopea dubia, Pet1'icola comp1'essa, Pecten mic1'0· 
pleu1'a, P. tenuis, Plicatula 1'Udis, Psammobia lucinoides, Te1'edo calamus. 

Of these 109 species, as has already been stated, at most only 
43 ( or 40 per cent.) are common to South Carolina, and about 

4.8 (or 44 per cent.) to North Carolina. Compared with the 
Maryland deposits the proportion of forms common to the two 

states is found to be not very different from the proportions just 
indicated, or about 38 per cent. (about 41 species). 1 

From the so-called "medial tertiary" of Mary land there havc 
thus far been described about 98 species of acephalous mollusks :-

MARYLAND.-NEWER GROUP. 

Amphidesrna carinata, S. C. 
" subovata, 

Arca idonea, N. C.; Va. 
" in eile, 8. C.; Va. 
" centenaria, S. C.; Va. 
" improcera, S. C,; N. C.; Va. 

Artemis acetabulum, N. C.; Va. 
Astarte vicina? 

" cuueiforrnis, 
" perplana, 
" obruta, 
" undulata, S. C.; N. c:; Va. 

Cardita arata S. C.; N. C.; Va. 

" 
" 

protracta, 
granulata, S. C.; N. C.; Va. 

Cardium laqueatum, Va. 
Corbula cuneata, S. C.; N. C.; 

" idonea 
" ineq ualis, R. C.; Va. 

Crassatella Marylandica, ~- C. 
" undulata, S. C.; N. C.; Va. 

Cytherea Saya.na. B. C.; N. C.; Va. 
" albaria, 
" Marylaudica, 
" staminea, 

Isocardia fraterna, N.C.;Va. 
Leda acuta, S. C.;N. C. 

" concentrica, 
Yoldia lrevis, B. C'.; N. C.; Va. 

= Y. limatula, 

1 The Mary land deposits, in the comparisons tbus far, have for convenieuce 
been taken to represent one geological horizon; tbeir division into two 
groups, and the relations of eacb of tbese groups with the deposits of the 
several other States, are specially considered further on. 
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Nucula proxirna, S. C.; N. C.; Va. 
= N. obliqua, 

Lepton (?) mactroides, 
Lucina anodonta, S. C.; N. C.; Va. 

" subobliqua, 
" cribraria, S. C. 
·' contracta, S. C.; N. C.; Va. 

- L. filosa, 
" divaricata, S. C.; N. C.; Va. 

Mactm ponderosa, 
" fragosa, 
'' subcuneata, 
" delumbis, Va. 

Mya producta, Va. 
Ostrea Virginica, S. C.; N. C.: Va. 
Panoprua Americana, 

" reflexa, S.C.;N.C.;Va. 
porrecta, 

Pecten Madisonius, 

" 
" 

J effersonius 
Clintonius, 
septemnari us, 

N. C.; Va. 
N. C.;Va. 
N. C.;Va. 
S. C.;Va. 

Pectunculus subovatus, 
S. C.; N. C.; Va. 

Petricola centenaria, Va. 
Plicatula marginata, 

S. C.; N. C.; Va. 
Pholadornya abrupta, 

S. C.; N. C.; Va. 
Pholas ovalis. 8. C.? N. C.? Va.? 

= P. costata? 
Saxicava rugosa, 
Solen ensis, 
Tellina req uistriata, 

Va. 
8. O.;N. C. 

" biplicata, S. C.; N. C. 
Venus tetrica, 

" permagna? 
" alveata, 

S. C.;Va. 
N. C.;Va. 

" 
" 
" 
" 
" 

inoceriformis, 
tridacnoides, S.O.; N.C.; Va. 
mercenaria? S.C.; N.C.;Va.? 
Rileyi, S. C.; N. C.; Va. 
cuneata. 

MARYLAND.-ÜLDER GROUP. 

Arca callipleura, 
" subrostrata, 
" Marylandica. 
" triquetra, 

Artemis acetabulum, N. C.; Va. 
Astarte exaltata, 

'• varians, 
Cardium craticuloides, 

Jeptopleura, 
Corbula idonea, 

" elevata, 
Crassatella melina, Va.; N. C. 

turgidula, 
Cytherea subnasuta, 8, C. 
Isocardia Markoei, 
Leda liciata, 
Lima papyria, 
Lucina l oremaui, 

Lucina subplana, 
" crenulata, S. C.; N. C.; Va. 

Modiola Ducatellii, 
Mytilus incurva, 
Pecten Hurnphreysianus, 

" l\1Iadisonius, N. C.; Va. 
Pectunculus parilis, 

" lentiformis, 
S. C.; N. C.; Va. 

Perna maxillata, Va. 
Pholas costata? 8. C.; N. C.; Va. 

(P. ovalis.) 
Panoprea porrecta, 
Tellina lenis, 
Venus Mortoni ? 

(V. cuneata ?) 
" alveata, N. C.; Va. 

NoTE.-Several species forrnel'iy credited to this State have been inten­
tionally omitted, there not being sufficient evidence to prove their 
occurrence there. 
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Of these 98 abont 34 (35 per cent.) are common to Sonth Caro­
lina, 36 to North Carolina (37 per cent.), and 41 to Virginia (42 
per cent.). lt has, however, been shown in a previous paper 
(Heilprin, Proc. Acad. Nat. Sciences, 1880, pp. 20, et. seq.) that 
the Maryland deposits actually represent two distinct horizons­
respectively designated (temporarily) as the "newer" and "older" 
groups-and, therefore, in order to have a proper appreciation of 
the value of these proportions it will bti necessary to consider the 
two divisions in their relations to the several States separately. 

The deposits of the "newer" group, as will be seen from the 
preceding enumeration, contain 66 species, and those ofthe" older" 
group, 32 species. Of the former about 33 (50 per cent.), and a 
nearly equal num ber, 32 ( 49 per cent. ), are common respectively 
to South and N orth Carolina, whereas of the latter, only 4 (13 per 
cent.) are found in thP. first named State, and 7 (22 per cent.), in 
the second.1 While the "newer" group shows a considerably 
higher percentage of forms common to both South and N orth 
Carolina than the deposits of the State treated as a whole, this 
percentage is still less ihan that which might naturally be expected 
to cxist between formations (removed by about equal distances) 
representing an equivalent age. The rational inference is, there­
fore, that the deposits in question are not of contemporaneous 
formation. Compared with thc deposits of Virginia the fauna of 
the "ncwer" group shows a somewhat more decided relation than 
to the deposits of the States just mentioned, for we now find the 
percentage of common forms increased to 5G (37 species). But 
even with this figure it would be rash to insist upon an equivalency 
being proved. Nur is the relation of the "older" group to the 
Virginian formation much more pronounced than it is to the North 
Carolinian, but no special deductions from agreements or ditfer­
ences of percentages can be made in this instance, since the number 
of both common and restricted forms is very limited. 

The conclusions reached from the examination thus far of the 
lamellibranchiate fauna are: That the South and N orth Carolina 
formations represent one and the same horizon, and one distinct 
from the horizon or horizons inrlicated by the Virginia and 
Maryland formations. lt now remains to be determined what 

1 These proportions strikingly corroborate the author's original assump­
tion of two distinct horizons, based upon an examination of Maryland 
fossils alone. 
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support this conclusion receives from the study of the fossil 
faunas in their rebtion to the fannas of existing seas, and to 
ascertain through the same means what relation the various 
horizons bear toward each other. 

SPECIES STILL LIVING FOUND FOSSIL IN THE SOUTH ÜAROLINA 

DEPOSITS.1 

Anomia ephippium (A. Conradi). 
? Placunomia plicata. 

Ostrea Virginiana. 
Chama arcinella. 
Arca lienosa = A. Floridana. 

'' incongrua. 
? " pexata. 

Yoldia limatula (Leda lrevis). 
Leda acuta. 
Nucula proxima = N. obliqua. 
Lucina contracta = L. filosa. 

" 
" 
" 
" 
" 

Pennsylvanica. 
radians = L. Antillarum. 
squamosa (L. speciosa) = L. pecten. 
divaricata (L. Conradi). 
crenulata. 

\l Cardium Carolinense = C. magnum? 
" muricatum. 

? Cardita tridentata. 
Gouldia lunulata. 
Pandora trilineata. 
Venus mercenaria. 

? Cythcrea cribraria = C. punctulata? 
Cytherea cancellata (C. cingenda). 
Petricola pholadiformis. 
Tellina alternata. 

" polita. 
" lusoria. 

Btrigilla flexuosa. 
Cumingia tellinoides. 
Amphidesma (Abra) equalis. 

" (Semele) orbiculata. 
? Donax variabilis. 

Standella fragilis (Mactra oblongata). 

1 The author desires to express his indebtedness to Mr. George W. 
Tryon, Jr., through whose kind assistance most of the comparisons with 
recent forms were made. 
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Mactra similis. = Hemimactra solidissima. 
·' lateralis. 

Salecurtus Caribreus (Siliquaria Carolinensis). 
Solen ensis (S. directus). 
Pholas costata (P. arcuata). 

" (Dactylina) oblongata (P. producta). 
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N 0TE.-About ten other species have been considered by various autbors 
to be equivalents of recent forms, but since their identification as such has 
been at best but very doubtful, ancl in most cases 8trictly erroneous, they 
have been omitted. Among tbese are : 

Luoina anodonta, at one time eonsider, d by 111:r. Co"rad to be identieul with a 
speeie; living along the Florid11, coa•t. AJ·hough Ycry closely rc,cmbling tbc L. 
.Floridmrn, it may, IJC\'f'rt1 elt•s~, hc n adily di:-:tinguished from it hy thc groa.te~ thick­

r.ess of i1s shell, and the grPater profundity of the lunules. 

Cardita arata -This spccie• dilfers, as stated by Conrad (Mioc. Foss., p. 12), 
from the recent C. Floridana of the Flori-HL coast in Leing prr,portionately Jonger and 
broa.der behind, and in hnving thc rib~ crnsscd b.v '' <'rowded subsquamose trans\·ers.e 
wrinkles," instcad of "thick trnnsvcrsc tuberc]e:5." 

Cardita. granulata.-Accordin~ to Conrad (:\lioc. Foss., p. 13), this shell "so 
nenrly resembh•s C. borcalis, a recent spccics of ,he castern coasr, lhat I think it will 
provc to be the same, when more spocimens of the latter shall be obtained for comp„ri­
son.'' This i,Ientification, which wn.s subscqueutly rejected hy Conrad hin sclf, has for 
it., support the ver_v simila.r general appcaran,·e presentcd by the 1.1vo shells in qu,·stion, 
bnt closer examinn..tion shows thc 0. yrarml.,,t,,, to he almo~t inva.riably o, c 'IlS dt-rably 
morc elenired (lc>ss rotund) form than tbe C. borenli,. 

Artemis intermedia.-Not readily confoundahle with eithcr ehe A. conccntric,, 
(Barn) ur A. Floridww (Cour.). 

Cytherea Sayana.-More produced (less rounded) than thc reccnt 0. co,icc.rn. 

Rangia clathrodonta.-Moro elongated tha.n the recent R. cy,·enoidcs. 

Admitting both the positive anrl somewhat doubtful forms from 
the above list to be recent, then we have as a proportion to extinct 
forms 40 to 103, or 3~ per cent.; or, if the six doubtful ones are 
omitted, 34 to 103, or 33 per cent. 

The following recent species may be considered to occur in the 
N orth Carolina deposits. 

Anomia ephippium. 
Ostrea Virginiana. 
Pecten Clintonius = P. Magellanicus. 
Arca lienosa. = A. Florida.na.. 
Leda acuta. 
Yoldia limatula (Leda lrevisJ. 
Nucula proxima = N. obliqua. 
Chama arcinella. 
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? Cardita tridentata. 
Gouldia lunulata. 

? Cardium Carolinense = C. magnum? 
" muricatum. 

Lucina Pennsylvanica. 
" contracta = L. filosa. 
" crenulata. 
" radians = L. Antillarum. 
" divaricata (L. Conradi). 
" squamosa (L. speciosa) = pecten. 

Venus mercenaria. 
? Cytherea cribraria = C. punctulata? 

Tellina lusoria. 
" alternata. 
" polita. 

Strigilla flexnosa. 
Mactra oblongata = Standella fragilis. 

" lateralis. 
Mactra similis = Hemimactra solidissima. 
Solen ensis. 
Solecurtus Caribreus (Siliquaria Carolinensis). 
Pholas costata (P. arcuata). 
Pholas (Dactylina) oblongata. 

? Pandora trilineata. 

[1882. 

Of the above 32, which constitute 30 per cent. of the lamelli­
branchiate fauna of the State, all, with only one exception-Pecten 
Clintonius (Magellanicus)-also occur in the South Carolina 
deposits. Although the percentage of recent forms in the N orth 
Carolina formations is thus shown to be considerably lower than 
m South Carolina, yet in view of the very strong correspondence­
one might, indeed, say identity-existing between the two faunas 
generally, this variation can scarcely be taken to affect the con­
clusion already arrived at as to the contemporaneity of the two 
formations. 

In Virginia ( of 109 forms) the number of recent species, 
including several doubtful ons, is reduced to 16, as exhibited in 
the accompanying enumeration : 

Ostrea Virginiana. 
Pecten Clintonius = P. Magellanicus. 

? Arca protracta = A. lienosa (et A. Floridana)? 
Y oldia limatula. 
Nucula obliqua = N. proxima. 
Gouldia lunulata. 
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Lucina squamosa (L. speciosa) = L. pecten. 
" crenulata 
" divaricata. 
" contracta. = L. filosa. 

? Venus mercenaria. 
Tellina lusoria. 
Cumingia tellinoides. 
Pandora crassidens = P. trilineata. 
Saxicava bilineata = S. rugosa. 

? Pholas acuminata = P. costata? 

165 

The percentage (15) is here, therefore, brought down consider­
_ably lower than in either of the preceding States, a circumstance 
not only strikingly confirming the assumption of non-contempo­
raneity (as l!as already been drawn from comparisons rnade between 
the different faunas themselves) in the deposits in question, but 
equally proving that the Virginia deposits are anterior (older) in 
date to those of both South and N orth Carolina. 

The number of recent species oecuring in the Maryland deposits 
taken as a whole ( i. e., as em bracing both the " newer" and 
"older" groups, and comprising consequently 98 specific forms 
of acephalous mollusks) is somewbat less than in Virginia, namely 
(including two or three doubtful forms), 13: 

Leda acuta. 
Yoldia limatula (Leda lrevis). 
Nucula proxima = N. obliqua. 
Lucina crenulata. 

'' contracta = L. filosa. 
" divaricata. 

Ostrea Virginiana. 
Pecten Clintonius = P. Magellanicus. 
Panopea Americana.1 

1 I have here provisionally included the Panopma Americana among the 
recent forms, although I am somewhat doubtful as to its right to a place 
there. The shell certainly very greatly resernbles that of the recent P. 
Aldrovandi from the Mediterranean, from which, in fact, it appears to 
differ only in the form of the posterior truncature, which in the recent 
species carries up the hinge line to a higher level than in the fossil. While 
the form of the American shell is very constant, that of the European is 
stated to be very varying, and therefore the distinction pointed out may on 
a closer examination between specimens be found to have no specific value. 
By Searles Wood ("Monograph of the Crag Mollusca," ii, p. 283, 
Palreontogr. Soc. Reports) the P. Americana (and P. reflexa) is considered 
identical with the P. Faajasii (rnore properly P. Menardi), a cornmon 
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? Venus mercenaria. 
Solen ensis. 
Saxicava rugosa. (8. bilineata), 

? Pholas ovalis = P. costata? 

[1882. 

Of this number 12 are found in the deposits of the ,; newer" 
gronp, and conseqnently constitnte about 18 per cent. of iLs lamelli­
branch fauna; on the other hand, at most, only 2 occur in the 
deposits of the "older " gronp. W e ha ve here, therefore, not only 
a further corroboration of the existence in the State of two 
distinct horizons, but what might almost be considered positive 
proof that the upper Mary land formation (" newer" group), 
occupies a horizon very nearly i<lentical with that of the ( or the 
great bulk of the) Virginia formation, and one considerably lower 
than that iudicated by the South and Nort!i Carolina deposits, 
despite the circnmstance that the general relations existing 
between the respective faunas in the two cases are not very 
different. 

The following statement summarizes the results obtained from 
the examination of the l::tmellibranch founa: 

Of about 103 Sonth Carolina species-
74-78 are found in North Carolina = 74 per cent. 
43 are found in Virginia= 42 per cent. 
34 are fonnd in Maryland = 33 per cent. 
34-40 are recent = 33-39 per cent. 

Of about 106 N orth C:irolina species-
74-78 are fonnd in Sonth Carolina = 74 per eent. 
48 are fonnd in Virginia= 46 per cent. 
36 are fonnd in Maryland = 34 per cent. 
32 are reeent = 30 per cent. 

Of abont 10.9 Virginia species-
43 are found in Sonth Carolina = 40 per cent. 
48 are fonnd in N orth Carolina = 44 per cent. 
41 are fonnd in Maryland = 38 per cent. 
16 are recent = 15 per cent. 

European fossil, and one which bad frequently been confounded with the 
recent P. Aldrovandi; but the American species appears to be at least as 
mnch related, if not more so, to the living form. The P. reflexa is stated 
by Mayer ( Oatalogue Systematique des Foss. des Terr. Tert., ii, pp. 25 and 
42) tobe living on the coast of New Zealand, and tobe identical with the 
P. Solandri of Gray; the angulation on the posterior slope of the latter, 
however, readily distinguishes the two. 
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Lucina squamosa (L. speciosa) = L. pecten. 
" crenulata 
" divaricata. 
" contracta = L. filosa. 

? Venus mercenaria. 
Tellina lusoria. 
Cumingia tellinoides. 
Pandora crassidens = P. trilineata. 
Saxicava bilineata = S. rugosa. 

? Pholas acuminata = P. costata? 
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The percentage (15) is here, therefore, brought down consider­
_ably lower than in either of the preceding States, a circumstance 
not only strikingly confirming the assumption of non-contempo­
raneity (as lias already been drawn from comparisons made between 
the different faunas themselves) in the deposits in question, but 
equally proving that the Virginia deposits are anterior (older) in 
date to those of both South and N orth Carolina. 

'l'he number of recent species occuring in the Maryland deposits 
taken as a whole ( i. e., as em bracing both the " newer" and 
"older" groups, and comprising consequently 98 specific forms 
of acephalous mollusks) is somewhat less than in Virginia, namely 
(including two or three doubtful forms), 13: 

Leda acuta. 
Yoldia limatula (Leda lrevis). 
Nucula proxima = N. obliqua. 
Lucina crenulata. 

" contracta = L. filosa. 
" divaricata. 

Ostrea Virginiaua. 
Pecten Clintonius = P. Magellanicus. 
Panopea Americana.1 

1 I have here provisionally included the Panopma Americana among the 
recent forms, although I am somewhat doubtful as to its right to a place 
there. The shell certainly very greatly resembles that of the recent P. 
Aldrovandi from the Mediterranean, from which, in fact, it appears to 
differ only in the form of the posterior truncature, which in the recent 
species carries up the hinge line to a higher level than in the fossil. While 
the form of the American shell is very constant, that of the European is 
stated to be very varying, and therefore the distinction pointed out may on 
a closer examination between specimens be found to have no specific value. 
By Searles W ood (" Monograph of the Crag Mollusca," ii, p. 283, 
Palreontogr. Soc. Reports) the P. Americana (and P. reflexa) is considered 
identical with the P. Fau,jasii (more properly P. Menardi), a common 
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? Venus mercenaria. 
Solen ensis. 
Saxicava rugosa (S. bilineata). 

? Pholas ovalis = P. costata? 

[1882. 

Of this number 12 are found in the deposits of the ,; newer" 
group, and conseqnently constitute about 18 per cent.of iis lamelli­
branch fauna; on the other hancl, at most, only 2 occur in the 
deposits of the "olcler " gronp. W e ha ve here, therefore, not only 
a fu rther corro boration of the existence in the State of two 
distinct horizons, but what might almost be considerecl positive 
proof that the upper Maryland formation (" newer" group), 
occupies a horizon very nearly identical with timt of the ( 0r the 
gJ"eat bulk of ihe) Virginia formation, and one considerably lower 
than that iudicated by the South and N ort!i Carolina deposits; 
despite the circumstance that the general relations existing 
between the respective faunas in the two cases are not very 
different. 

The following statement summarizes the results obtained from 
the examination of the bmellibranch fauna: 

Of about 103 Sonth Carolina species-
7 4-7 8 are found in N orth Carolina = 7 4 per cent. 
43 are found in Virginia= 42 per cent. 
3! are founcl in Maryland = 33 per cent. 
34-40 are rcceut = 33-39 per cent. 

Of about 106 N orth C:irolina species-
74-78 are found in South Carolina = 74 per cent. 
48 are fonnd in Virginia= 46 per cent. 
86 are found in Marylancl = 34 per cent. 
32 are recent = 30 per cent. 

Of abont 10.9 Virginia species-
43 are found in Sonth Carolina = 40 per cent. 
48 are found in N orth Carolina = 44 per cent. 
41 are fonnd in Maryland = 38 per cent. 
16 are recent = 15 per cent. 

European fossil, and one which had frequently been confounded with the 
recent P. Aldrovandi; but the American species appears to be at least as 
much related, if not more so, to the living form. The P. reflexa is stated 
by Mayer ( Catalogue Systematique des Foss. des Terr. Tert., ii, pp. 25 and 
42) tobe living on the coast of New Zealand, and tobe identical with the 
P. Solandri of Gray; the angulation on the posterior slope of the latter, 
however, readily distinguishes the two. 
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Of about 98 Mary land species-
34 are found in South Carolina = 35 per cent. 
36 are found in North Carolina = 37 per cent. 
41 are found in Virginia = 42 per cent. 
13 are recent = 13 per cent. 

Of about 66 Mary land " N ewcr" group species-
33 are found in South Carolina = 50 per cent. 
32 are found in North Carolina = 49 per cent. 
37 are found in Virginia = 56 per cent. 
12 are recent = 18 per cent. 

Of abont 32 Mary land "Older" group species-
4 are found in South Carolina = 13 per cent. 
7 are found in N orth Carolina = 22 per cent. 
8 are fonnd in Virginia = 25 per cent. 
2 are recent = 7 per cent. 
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The examination of the gasteropod faunas of the several States, 
as will be seen from the ,rnmmary further on, very strongly con­
firms the rcsults that have been obtained from the investigation 
of the acephalous mollusks. 

The following enumeration exhibits the spedes that bave been 
<lescribed from the deposits of South and N orth Carolina. 

SouTH CAROLINA. 

Cancellaria ret.iculata, 
" depressa. 

" venusta. 
Conus adversarins, 

" diluvianus, 
Crucibulum multilineatum, 

" 
" 

costatum, 
ramosum, 

" dumosum, 
Cypr::ea Carolinensis, 
Crepidula 'fornicata, 

" spinosa, 
= C. aculeata. 

" plana, 
= C. unguiformis. 

" costata. 
Colurnbella avara. 
Dentaliurn attenuatum, 

= D. dentale. 

N.C_ 

N. C. 
N. C. 
N. C. 
N. C. 
N. C. 
N. C. 
N. C. 
N. C. 
N. C. 

N. C. 

N.C. 

Dentalium Pliocenurn. 
thallus, 

Doliurn galea. 
Ecphora quadricostata, 
Fasciolaria distans, 

= F. tulipa. 
" (?J gigantea. 
'' Tuomeyi. 

Fulgnr carica, 
perversus, 
canaliculatus, 
Conradi (incile). 
Carolinensis. 

" 
" 
" 

(F. excavatus), 
" pyrum. 

(F. spiratusJ, 
Ficus reticulatus, 
Fusus exilis, 
Fissurilla redirnicula, 

N.C. 

N. C. 
N. C. 

N. C. 
N. C. 
N. C. 

N. C. 

N. C. 
N. C. 
N. C. 
N. C. 
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Galeodia Hodgei, 
Hipponyx Bullii. 
Infundibulum centralis, 
Littorina irrorata. 
Marginella limatula, 

" oli viformis, 
Mitra Carolinensis, 
Monodonta Kiawahensis. 
Murex umbrifer, 
Natica heros, 

" 
" 

duplicata, 
canrena, 
Caroliniana. 

:S assa vibex, 
·' trivittata, 
" obsoleta, 
" (? J lunata. 

N. C. 

N.C. 

N. C. 
N. C. 
N. C. 

N. C. 
N. C. 
N.C. 
N.C. 

N. C. 
N.C. 
N. C. 

Obeliscus arenosa, N. C. 
Oliva literata, N. C. 
Pleurotoma lunata, N. C. 
Ptychosalpinx porcinum, N. C. 

" multirugatum, N. C. 

Purpura tridentata. 
Petaloconchus sculpturatus, 
Ranella caudata, 
Scalaria multistriata, 

" clathra, 
= S. angulata. 

Solarium perspectivum. 
Terebra Carolinensis, 

" unilineata, 
Trivia pcdiculus, 
Turritella striata. 

" exaltata. 
" Burdenii, 
" Etiwaensis, 

Trochus philantropus, 
" armillatus. 
" gemma. 

Urosalpinx cinerea. 
Voluta rnutabilis, 

Trenholrnii, 
Verrnetus anguina. 

N ORTH CAROLINA. 

Cancellaria Carolinensis. Dentaliurn attenuaturn, 
- C. reticulata, S. C. = D. dentale. 

Cre0u1n annula..tu1n. " thallus, 
Cerithiurn moniliferum. · Dolium octocostatus. 

" ( Ceri thiopsis) Ecphora quadricostata, 
annulatum. Eulirna 1? J lrevigata. 

Cerithium bicostatum. 
Chemnitzia subulata. Erato lrevis? 

Conus adversarius, S. C. Fasciolaria distans, 

" diluvianus, s C. = F. tulipa. 

Crucibulurn rnultilineatum, s. c. " elegans. 

" costatum, 8. C. " Sparrowi. 

S. C. " alternata. ramosurn, 

" durnosurn, S. C. " nodulosa. 

Cyprrea Carolinensis, s. c. " acuta. 

Crepidula fornicata, S. C. Fulgur carica, 

" spinosa, S. C. contrarius. 
= C. aculeata. = F. perversus, 

" plana, S. C. " canaliculatus, 
C. unguiforrnis. ? F. rugosus. 

Carinorbis (Delphinula) " Carolinensis. 
quadri costata. = F. excavatus, 

[1882. 

N.C. 
N. C. 
N. C. 
N.C. 

N.C. 
N. C. 
N.C. 

N.C. 
N. C. 
N. C. 

N. C. 
N. C. 

s. c. 

S. C. 

s. c. 

S. C. 

S. C. 

S. C. 
S. C. 

S. C. 
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Fulgur pyrum. 
= F. spiratus, 

Ficus reticulatus, 
Fusus exilis, 

" equalis. 
" Iamellosus. 
" moniliforwis. 

Fissurella redimicula, 
Galeodia Hod~ei, 
Infundibulum centralis, 
Littorina Iineata. 
Marginella Iimatula, 

" oliviformis, 
" constricta. 

" 
" 
" 

ovata. 
inflexa. 
elevata. 

Mitra Carolinensis, 
Murex umbrifer, 

'' globosa. 
N atica heros, 

" duplicata, 

" 
" 
" 
" 

canrena, 
fragilis. 
percallosa. 
Emmonsii. 

Nassa vibex, 
" tri vi ttata, 
" obsoleta, 
" (Tritia) multilineaturn. 
" '' moniliformis. 
" '' bidentata. 

Obeliscus arenosa, 
Oliva Iiterata, 

S. C. 
S. C. 
S. C. 

S. C. 
S. C. 
S. C. 

S. C. 
S. C. 

S. C. 
S. C. 

S. C. 
S. C. 
S. C. 

S. C. 
S. C. 
s. c. 

8. C. 
S. C. 

Oliva ancillarireformis. 
" canaliculata. 

Pleurotoma Iunata, 
'' limatula. 

" 
" 
" 

communis. 
elegans. 
tuberculata. 

" fle x:uosa. 
Ptychosalpinx porcinurn, 

" multirugatum, 
Petaloconchus sculpturatus, 
Pyramidella reticulata. 
Ranella caudata, 
Scalaria multistriata, 

clathra, 
" curta. 

Terebra Carolinensis, 
" uuilineata, 
" neglecta. 

Tornatina cylindra. 
Trivia pediculus, 
Turritella Burdenii, 

" Etiwrensis, 
" constricta. 

Turbonilla reticulata. 
Trochus philantropus, 
Voluta mutabilis, 

" Treuholmii, 
" obtusa. 

Helix tridentata. 
" labyrinthiea. 

Planorbis bicarinatus. 
Paludina snbglobosa. 
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S. C. 

S. C. 
S. C. 
S. C. 

S. C. 
S. C. 
S. C. 

8. C. 
S. C. 

S. C. 
S. C. 
S. C. 

S. C. 
S. C. 
s.c. 

A comparison of the two preceding tables shows, timt of the 
74 South Carolina forms no less than 52 (or 70 per cent.) are 
common to the deposits of N orth Caroiina, a proportion ver_v 
nearly identical with that which obtains in the case of the acepha­
lous mollusks (74 per cent.). This very close agreemcnt leaves 
but little, if any, room for doubt as to the contemporaneity of tiH' 
formations of the two States. In N orth Carolina the number of 
specific forrns <lescribed is considerably in excess of that from the 
former State, an<l consequently, as mnst a\most necessarify follow, 
the percentage of common forms is herc very materially reduce<L 

3 
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Thus of 100 spccies-4 of which are non-marine-only 52, as 
above stated, also occur in Sonth Carolina, or just 52 per cent. 
lt is bnt fair to presume, however, that were the number of species 
described from South Carolina equal to that from North Carolina 
the proportion of forms common to thc two States while it would 
not probably differ very materially from what we now find it in 
the former State, would be considerably raised for the latter. On 
the other band, just tbe reverse result presents itself when a corn­
parison is made with the Virginia fauna, which comprises a far 
greater nnmber of species than is tobe found in any other State: 

VIRGINIA. 

Amycla reticulata. 
Actaion (?) milium. 
A<lcorbis (Delphinula) c,,stulata. 

" concava. 
(A. lipara). 

oblique-striata. 
Anguinella Virginiana. 

· Bela Dredalia. 
Buccinum Tuomeyi. 

" frumentum. 
Crepidula costata, S. C. 

" 
" 
" 

fornicata, 
spinosa, 
ponderosa. 

" cornucopire. 

S. C.; N. C. 
S. C.; N. C. 

" cymbiformis. 
Crucibulum costaturn, S. C.; N. C. 

(Calyptrea pileolus). 
" rarnosum, 8. C.; N. C. 
" grandc. 

Cemoria oblonga. 
Capulus lugubris. 
Cancellaria perspectiva. 

" plagiostoma. 
Cerithium cla.vulus. 

" curtum. 
Cerithiopsis annula.tum, N. C. 
Chiton transenna. 
Cylichna cylindrica. 

" Virginiana. 
Chemnitzia (Pasithea) subula., N.C. 

" " exarata. 
" " e burnea. 

Dentalium thallus, S. C.; N. C. 
" attPnuatum_, S.O.; N.C. 

= D. dentale. 
Delphinula trochiformis. 

" (Carinorbis) arenosa. 
" lyra. 

Ecphora quadricostata, S.C.; N.C. 
Eulima (Pasithea) lrevigata, N.C. 

" eborea. 
" migrans. 

Eulimella (Pasithea) ovulum. 
(E. diaphana). 

Fasciolaria parvula. 
" rhomboidea, 

S. C.;N. C. 
= F. distans. 

Fissurella redimicula, S. C.; N. C. 
" catilliformis. 

Fulgur carica, S. C.; N. C. 
" canaliculatus, S. C.; N. C. 
" incile (Conradi), S. C. 
" tri tonis. 
" filosus. 
" carinatus. 
" maximus. 

Fusus (Neptunea) exilis, 
S.C.;N. C. 

" strumosus. 
" (Neptunea) trossula. 

Marginella limatula, S. C.; N. C. 
" perpusilla. 
" conulus. 
" exilis. 
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Marginella eburneola. 
Mangelia Virginiana. 
Menestho limnea. 
Melampus (?) longidens. 
Nassa trivittata, S. C.; N. C. 

" 

" 

impressa. 
(Tritia) altilis. 

bilix. 
" " laqueata. 

Natica duplicata, 1::1. C.; N. C. 
" heros, S. C.; N. C. 
" aperta, N. C. 

(N. fragilis ?). 
" sphrerula, N. C. 

(N. percallosa ?). 
" perspectiva. 

Niso lineata. 
Oliva canaliculata, 

" ancillarireformiR, 
" Carolinensis. 

= 0. literata, 
" eborea. 

N.C. 
N.C. 

S. C.;N. C. 

Obeliscus arenosa, S. C.; N. C. 
(Pyramidella suturalis). 

Odostomia (Actreon) granulatus. 
·' (?) globosus. 
" " turbinatus. 
" " angulatus. 
" " glans. 
" " scul ptus. 

" " nitens. 
Patella acinaces. 
Petaloconchus sculpturatus, 

S. C.;N. C. 
Pleurotoma lunata, S. C.; N. C. 

" pyrenoides. 
" (Drillia) multisecta. 
" " arata. 
" " bella. 

" " distans. 

" " dissimilis. 

" " eburnea. 

" " impressa. 

" (Surcula) engonata. 

" " nodulifera. 

Pleurotorna (Surcula'i tricenaria. 
" '' Virginiana. 

Pyramidella elaborata. 
Ptychosalpinx porcinum, 

Rotella nana. 
" subconica. 
" carinata. 
" lenticularis. 
" umbilicata. 

S.C.;N. C. 

Scalaria clathra, S. C.; N. C. 
" = S. augulata. 
" acicula. 

" 
" 

micropleura. 
microstoma 

" 
(S. cornigera ?) . 

pachypleura. 

" procera. 
Solarium nupera. 
Trochus philanthropus, 

" armillus. 

" conus. 

" Jens. 

" torquatus. 

" Ruffinii. 

" bellus. 

" labrosus. 

" Mitchelii. 
Turbo rusticus. 

S.C.; N.C. 

" (Monilea) caperata. 
Trophon tetricus. 
Turritella variabilis. 

" indenLa. 

" plebeia. 
., alticosta. 

" flexionalis. 
" terstriata. 
" bipertita. 

Trochita (lnfundibulum) 
concentrica. 

Triforis (Cerithium) monilifera. 
Urosalpinx cinerea. 
Vermetus convolutus. 
Voluta mutabilis, S. C.; N. C. 
Vivipara (Turbo) glaber. 

NoTE.-l::leveral species described by H. C. Lea (Amer. Philos. Trans., 
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new ser., vol. ix), considered to have been founded on insufficiently deter­
mined charactel'b, or on the immature forms of previously described species, 
have been intentioually omitted. 

W e find that of the 14 l species here enumerated only abont 26 
are found in the deposits of South Carolina, which would give to 
that State a comparatively low percentage of common forms (35), 
and one considerably less than that ( 42) which was found to exist 
when the acephalous mollusks were taken as the basis of com­
parison. Nor is the number of Virginia forms (31) occurring in 
North Carolina much more numerous, and here, likewise, the per­
centage (31) is markedly lower than was found tobe the case (46) 
in the first method of comparison. Taking these various facts 
together they are abundantly conclusive as to the correctness of 
the inference drawn from the testimony of the lamellibranchs, that 
the Virginia deposits represent a horizon different from that indi­
cated by the South and N orth Carolina formations. 

From the .Maryland deposits taken as a whole, i. e., as com­
prising both the "newer" and "older" groups, there have thus 
far been described about 105 species of gasteropodous mollusks; 
of these, as will be seen from the following table, about 21 ( 20 per 
cent.) also occur in South Carolina, and 26 ( or 25 per cent.) in 
Virginia. While the proportion of forms common to the two 
States is thus shown to be very limited in either case, and decidedly 
less than was found to exist among the lamellibranchs, there is yei 
(as was also indicated in the lamellibranch comparisons) a slight 
advantage in favor of Virginia. 

MARYLAND-NEWER GROUP. 

Actreou ovoide', 
" melanoides. 

Bulla(?) acuminata. 
Cancellaria corbula. 

" lunata. 
" alternata. 

Cassis (S11micassis) crelata. 
Crucibulum grande, 

" tubiferum. 

" costatum, 

Va. 

S. C.; N. C.; Va. 
Conus diluvianus, S. C.; N. C. 

" Marylandicus. 
Columbella communi&. 

" avara, 8. C. 

Dentalium thalloides. ,, attenuatum, 
S. C.; N. C. Va.; 

= D. dentale. 
Ecphora quadricostata, 

S. C.; N. C.; Va. 
Fusus (Neptunea) parilis. 

" " errans (rusticus). 
" sulcosus. 
" strumosus, 

Fissurella alticosta. 

" 
" 

nassula. 
redimicula, 

Va. 

S. C.; N. C.; Va. 
Fulgur rugosus ? 
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Fulgur coronatus. 
" canaliculatus, 

S. C.; N. C.; Va. 
" tuberculatus. 
'' 9arica, S. C.; N. C.; Va. 
" fusiformis. 
" al veatus ? 

Ficus? (Pyrula) sulcosa. 
Marginella denticulata. 
Melanopsis (Bulliopsis) ovata. 

•• integra, Va.? 
" Marylandica. 

N atim interna. 
'' duplicata, S. C.; N. C.; Va. 
" heros, S. C.; N. C.; Va. 
" fragilis, N. C.; Va. 

Nassa trivittata,. S. C.; N. C.; Va. 
" obsoleta, S. C.; N. C. 
" lunata, S. C. 
" quadrata. 

" prrerupta. 

" porcinum, S. C.; Va. 

" arata. 
Pleurotoma bicatenaria. 

" limatula, N. C 

" communis, N. C. 

" parva. 

" rotifera. 

Pleurotoma gracilis. 
" dissimilis, Va. 

Ranelia centrosa, S. C.? N. C.? 
= R. caurlata? 

Scalaria clathra, S. C.; N. C.; Va. 
= 8. angulata. 
expansa. 

'ferebra simplex. 
" curvilineata. 
" loxonema. 

Trochns humilis. 
" recl usus. 
'• Bryanii. 

Turbo (Monilea) distans. 
" " eborea. 

Tnrritella plebeia, Va. 
" variabilis, Va. 
" Iaqueata. 
" solitaria. 
" alticosta, Va. 

octonaria. 
Turbinella demissa. 
Turbonilla perlaqueata. 
Trophon tetricns, Va. 
Typhis acuticost<lta. 
Urosalpinx cinerea, S. 0.; Va. 
Voluta mutabilis, S. 0.; N. C.; Va. 

" soli taria. 

MARYLAND-ÜLDER GROUP. 

Buccinum? protractum. 
" lienosum. 

Bulla subspissa. 
Cancellaria biplicifera. 

" engonata. 
Crucibulum ramosum, 

S. C.; N. C.; Va. 
" constrictum. 

Dentalium thalloides. 
Fissurella Marylandica. 
Fusus migrans. 

" (Neptunea) devexus. 
Marginella perexigua. 
Niso lineata, Va. 

Plenrotoma Marylandica. 
" bella crenata. 
'' rugata .. 

Scalaria pachypleura, Va. 
Solarium trilineatnm. 
Sigaretus fragilis. 
Trochita(lnfundibulum)perarmata. 
Turritella inrlenta, Va. 

exaltata, S. C. 
" perlaqueata. 

Trochus peral veatus. 
Valvula iota. 
Voluta rnutabilis, S. C.; N. 0.; Va. 

" solitaria. 

Taking each of the two Maryland divisions, alrendy referred to, 
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by itself, we find that of the 21 forms occurring also in South 
Carolina, 19 belong to the deposits of the "newer " group, which 
comprise in all about 78 species; the percentage of forms common 
to the two formations-25-is thus considerably above that which 
was found to obtain when the State formation was considered as 
a whole. And the same increased percentage is determined when 
the Virginia forms are considered. Of the 26 indicated in the 
pL'eceding enumeration, 22 belong to the "newer" group, of whose 
fanna they consequently constitute 28 per cent. The 27 species 
belonging to the "older" group have only 3 (or 10 per cent.) 
common with Soutb Carolina, and 5 (or 18 per cent.) common 
with Virginia. In comparing the gasteropod faunas of the two 
Maryland divisions with each other, we find that there are only 
three species whose range embraces the deposits of both series. 
From the preceding data it will be seen that very strong confirma­
tion is lent to the conclusions rlerived from the examination of 
tlle lamellibranch fauna as to the non-contemporaneity of the South 
Carolina ( et conseq., N orth Carolina) deposits with those of Vir­
ginia and 1\faryland, and to the existence of two well-marked 
faunal horizons in the last named State. No conclusive evidence 
is, however, aiforded relative to the position which the Virginia 
and Mary land deposits hold in respect of each other; for the 
determination or this point, as well as for the determination of 
the several horizons, testimony must again be sought in the rela­
tions which the extinct faunas bear to the fauna of existing seas. 

Species still living found in the South Carolina deposits : 

Dentalium attenuatum - D. dentale. 
Crepidula fornicata. 

spinosa = C. a1ouleata. 
plana = C. unguiformis. 

Natic beros (N. catenoides). 
" duplicata. 
" canreua (N. plicatella). 

Littorina irrurata (L. Carolinensis). 
? Solarium perspectivum. 

Scalaria multistriata. 
" clathrus = 8. angulata. 

Obeliscus arenosa. 
Tri via pediculus. 
Nassa vibex. 

" trivittata. 
" obsoleta. 



1882.J NATURAL SCIENCES OF PHILADELPHIA. 

Dolium galea. 
Columbella avara. 
0liva Iiterata (0. Carolinensis). 
Ranella (Bursa) caudata. 
Cancellaria reticulata (C. Carolinensis). 
Fulgur carica. 

" perversum (F. adversarium). 
" canaliculat,um (F. canaliferum). 
" pyrum. 

Urosalpinx cinerea (Peristernia filicata). 
Fasciolaria distans (F. rhomboidea) = F. tulipa. 
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N OTE.-Three or four additional species, for several reasons here omitted, 
may, on further examination, be found to be identical with recent forms. 

'l'hus out of a total number of 7 4 species about 27 are still found 
living at the present day; the percentage of recent to extinct 
species-37-is therefore not very different from that which was 
found to obtain among the acephalous mollusks. 

The following recent species may be considered to occur in 
N orth Oarolina : 

Dentalium attennatum - D. dentale. 
Crepidula fornicata. 

" spinosa = C. aculeata. 
" plana = C. unguiformis. 

Natica heros (N. catenoides). 
" duplicata. 

Natica canrena (N. plicatella). 
Scalaria multistriata. 

" clathrus = S. angulata. 
0beliscus arenosa. 
Trivia pediculus. 
Nassa vibex. 

" tri vi ttata. 
'' obsoleta. 

0lva litera.ta (0. Carolinensis). 
Rauella (Bursa) caudata. 
Cancellaria reticulata (C. Carolinensisl. 
Fulgur carica. 

" perversnm (F. contrarium). 
" canaliculatum. 
" pyrum (F. spirata). 

Fasciolaria distans = F. tulipa. 

All of the above 22 species, which constitute 22 per cent. of the 
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gasteropod fauna of the State, are found also in South Carolina. 
We have here, just as in the case of the lamellibranch fäuna, a 
decided decrrnse when compared with the last mentioned State in 
the proportion of living forms, but yet, as before, the very well 
marked conespondence or identity existing generally between the 
two faunas wonld preclude the supposition of the representation 
by them of two distinct horizons. 

In Virginia and Maryland the number of recent species is 
considerably less than in either South or North Carolina, and the 
proportion these bear to extinct forms is also very materially 
reduced. Thus of about 141 Virginia species only 12 (or 8½ per 
cent.) can be considered as being identical with living forms, 
namely: 

Dentalium attenuatum = D. dentale. 
Crepidula fornicata. 

" spinosa = C. aculeata. 
Natica duplicata. 

heros (N. catenoides). 
Fulgur ca!'ica. 

'' canaliculata. 
0. Carolinensis = 0. literata. 
Scalaria clathra = S. angulata. 
N assa tri vi ttata. 
Obeliscus arenosa (Pyramidella suturalis), 
Urosalpinx cinerea. 

The number of recent species occurring in the Maryland 
deposits is about equal to that from Virginia; but here, owing to 
the limited extent of the fauna, the proportion to extinct forms is 
considerably increased. lt is a significant fact that all the recent 
species belong to the "newer" group, and none to the '' older." 
They are as follows : 

Columbella avara. 
Fulgur carica. 

" canaliculata. 
Urosalpinx cinerea. 
Dentalium attenuatum = D. dentale. 
Nassa trivittata. 

" obsoleta. 
Natica duplicata. 

'' heros (N. catenoides). 
Scalaria clathra = S. angulata. 

? Ranella centrosa = R. (Bursa) caudata? 
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The percentage of recent forms is here, therefore, brought up to 
fourteen, or very nearly that (15 ), which obtains among the Vir­
ginia lamellibranchs, and 4 per cent. below that which was found 
to characterize the lamellibranch fauna for the same group of 
deposits. 

Summing up the results obtained from the examination of the 
gasteropod fauna. we find tl1at-

Of about 7 4 South Carolina species-
52 are found in N orth Carolina = 70 per cent. 
26 are found in Virginia = 35 per cent. 
21 are found in Maryland = 29 per cent. 
27 are recent = 37 per cent. 

Of about 100 North Carolina species-
52 are found in South Carolina = 52 per· cent. 
31 are found in Virginia= 31 per cent. 
18 are found in Maryland = 18 per cent. 
22 are recent = 22 per cent. 

Of about 141 Virginia species-
26 are found in South Caro!ina = 19 per cent. 
31 are found in North Carolina = 22 per cent. 
26 are found in Maryland = 19 per ceut. 
12 are recent = 8½ per cent. 

Of about 105 Maryland species-
21 are found in South Carolina = 20 per cent. 
18 are found in North Carolina = 17 per cent. 
26 are found in Virginia = 25 per cent. 
11 are recent = 11 per cent. 

Of about 78 Maryland" N ewer" group species-
19 are found in South Carolina = 25 per cent. 
17 are found in N orth Caroliua = 22 per cent. 
22 are found in Virginia = 28 per cent. 
11 are recent = 14 per cent. 

Of about 27 Maryland " Older" group species-
3 are found in South Carolina = 10 per cent. 
2 are found in N orth Carolina = 8 per cent. 
5 are found in Virginia = 19 per cent. 
0 recent. 
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lt will be readily perceived from the preceding summarized 
statement, that the gencral results obtained from the examination 
of the gasteropod faunas abundantly confirm the conclusions 
drawn from the study of the acephalous mollnsks. Combining 
the results obtained from the two methods of comparison, we 
find that: 

Of about 177 South Carolina mollnsca-
128 are found in North Carolina = 72 per cent. 
69 are found in Virginia= 39 per cent. 
55 are found in Maryland = 31 per cent. 
61-67 are recent = 35-38 per cent. 

Of about 206 N orth Carolina mollusca-
128 are found in South Carolina = 62 per cent. 
79 are found in Virginia= 38 per cer.t. 
54 are found in Mary land = 26 per cent. 
54 are recent = 26 per cent. 

Of about 250 Virginia mollusca-
69 are found in South Carolina = 28 per cent. 
79 are found in N orth Carolina = 32 per cent. 
67 are found in Maryland = 27 per cent. 
28 are recent = 11 per cent. 

Of about 203 Mary land mollusca-
55 are found in South Carolina = 27 per cent. 
54 are found in N orth Carolina = 27 per cent. 
67 are found in Virginia= 33 per cent. 
24 are recent = 12 per cent. 

Of about 144 Maryland "N ewer" group mollusca-
52 are found in South Carolina = 36 per cent. 
4 9 are found in N orth Carolina = 34 per cent. 
59 are found in Virginia= 41 per cent. 
23 are recent = 16 per cent. 

Of about 59 Maryland " Older " group mollusca-
7 are found in South Carolina = 12 per cent. 
9 are found in N orth Carolina = 15 per cent. 
13 are found in Virginia = 22 per cent. 
2 are recent = 4 per cent. 
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Summary. 

The following points in stratigraphy, it is believed, may be 
considered as being conclusively demonstrated through the fore­
going comparisons : 

1. That the South and N orth Carolina deposits represent ap­
proximately the same geological horizon; 

2. That the Virginia deposits indicate a horizon lower (older) 
in the geological scale than that of either of the formations just 
mentioned; 

3. That the Maryland deposits indicate two well-marked faunal 
horizons, of which the upper one is the correspondent of the 
Virginian. 

REMARK.-lt will be seen from the last table tliat the corre­
spondence existing generally between the Maryland deposits 
taken as a whole ( i. e., including both " newer " and " older " 
groups) and those of Virginia, is greater than that which obtains 
between the last and the deposits of the "newer" group (upper 
Marylaud horizon) considered alone, and, hence, it might readily 
be concluded that the Virginia and Maryland formations are ab­
solutel_v equivalents of each other. But, as it has alrea<ly been 
shown, the Maryland deposits almost unquestionably represent 
two well-defined faunal horizons, and, therefore, unless such is 
likewise found to be the case in Virginia-which appears to be 
highly probable, although evi<lence proving the same is still in­
sufficient-no general correlation can be insisted upon. 

Having ascertained the relations which the deposits of the 
several States hold towards each other, it 1·emains lastly to deter­
mine what are the horizons,as generally recognized by geologists, 
that they represent. Thc low percentage of living forms which 
characterizes the molluscan fannas of the Marylan<l and Virginia 
deposits leaves no doubt as to the miocene age of these last; the 
"older" group of Maryland, therefore, represents the base of the 
miocene series. As for the N orth and South Carolina deposits, 
their position is somewhat more difficult to pronounce upon. 
The percentage of recent forms occurring in South Carolina ig 
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such as to permit, according to the original Lyellian classification 
of the tertiary strata, of the deposits of that State being referred 
to the pliocene period. The North Carolina deposits, on the 
other hand, would according to the same system of classification 
be relegated to the miocene period, and yet, as has already been 
seen, the identity existing between the faunas of the two States 
is altogether too great to admit of any reasonable doubt as to 
their contemporaneity. Nor is the difficulty of determination 
lessened when an appeal is made to European deposits of nearly 
similar age, which have served to elucidate the principles of the 
Lyellian classification. Tims in what might be considered to be 
the two typical areas for the occurrence of marine pliocene 
deposits in Europe-Italy and England-the percentages of recent 
forms cbaracterizing the contained faunas vary within very 
broad limits. Foresti has shown (vide Fuchs, Die Gliederung 
der Tertiärbildungen am Nordabhange der Apenninen von 
Ancona bis Bologna, Sitzb. d. k. .Akademie der Wissenschaften, 
lxxi, p. 177, Vienna, 1875) that the so-called pliocene of the 
Bolognese .Apennines may be divided into four faunal horizons, 
the deposits belonging to which are characterized by the following 
percentages of recent forms: 

Total number Percentage of 
of specles. Llvlng. llvlng forms. 

IV. 141 112 79.4 
III. 332 144 43.3 
II. 183 71 38.8 

(Oldest) I. 78 24 30.7 

Nos. I and II, therefore, correspond very closely in the propor­
tion of living forms with the N orth and South Carolina deposits. 
But just this division of the sub-Apennine formation, or its equi­
valent, is by many Italian geologists referred to the upper miocene, 
and, indeed, it would appear more natural, if the percentage of 
living forms is to remain the principal basis for the classification 
of the tertiary formations, to group the doubtful deposits here, 
and thereby increase the latitude of the miocene, than where they 
have very generally been placed, unless, as would seem from the 
observations of Pareto (Les terrains tertiaires de l'Apennin sep­
tentrional, Bulletin de la Societe Geologique de France, 2d ser., 
vol. xxii, 1864-5, p. 237, et seq.), and Fuchs (loc. cit.), strati-
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graphical evidence is decidedly contrary to such an approximation.1 

In the English pliocene fäunas the percentages of recent forms are 
very much higher than in the Italian just referred to.2 The fol­
lowing table exhibits the numerical relations of the living and 
extinct species, which together constitute the crag molluscan 
fauna (Lyell, "Student's Elements of Geology," 1878, p. 183, 
emend): 

N EWER PLIOCENE. 

Total number Percentage of 
of specles. Livlng. recent forme. 

Chillesford beds, 88 74 84.l 
N orwich, (Flnvio-marine), 112 94 84 

ÜLDER PLIOCENE. 

Red Crag, (exclusive of 
derivatives), 248 179 72.2 

Coralline Crag, 396 252 63.6 

lt will thus be seen that the number of recent forms occurring 
in the oldest division of the British pliocene deposits is, propor­
tionately to the extinct species, very much greater-in fact, not 
far from twice as great-than that which has been found to exist 

1 A direct continuity between the upper miocene (Tortonian) and the 
Bolognese sub-Apennine (pliocene of most authors) formations is main­
tained by Capellini (Sui Terreni Terziari di una parte del versante setten­
trionale dell 'Apennino, Mem. Accad. Scienze, Istit. Bologna, ser. iii, vol. 
vi, p. 618, 1876). Under the strata designated as the mio-pliocene 
("Messinian" of Mayer), corresponding in a general way with the "Sar­
matian" and "Congeriau" of the Austrian geologists, aud consequently 
comprising (as generally recognized by geologists) deposits of both rniocene 
and pliocene age, are included I and II of Foresti's faunal horizons-the 
lower sub-Apennine marls and sands of Capellini (upper Messinian of 
Mayer). The upper marls and sauds (III and IV) are referred to the 
"Astian" (or pliocene proper of Capellini). This classification appears 
to be more in consonance with the facts presented by paleontology than the 
one usually followed. 

2 Foresti has called attention ( Oatalogo dei Molluschi PZiocenici delle 
Oolline Bolognesi, Mem. Accad. Scienze, Istit. Bologna, ser. ii, vol. vii, p. 
548, 1867) to the much greater relationship which the fauna of the Bo­
lognese sub-Apennine formations bears to the fauna of the Vienna basin 
than to that of the British crag, and frorn this circumstance draws the 
inference, that the Italian deposits represent a horizon very close to the 
miocene (" rapresentano un plano geologico vicinissimo al miocene," ... ). 
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in the case of the South Carolina deposits. While it may be safe 
to affirm, from this disparity existing between the A mcrican and 
English faunas, that the formations represented by them are in 
no way eqnivalents of each other, (an equivalency, as has already 
been stated, t-hat bad been assumecl by Lyell), it may yet be rash 
to conclnde from this reason alone that, broadly measurecl, tbey 
do not belong to the same period (pliocene) of geological time, 
the more especially, since (as will be seen from a comparison of 
the British and Italian faunal tables) a nearly equal disparity 
obtains between the fannas of the Crag and some of the sub­
Apennine dep0sits considered to belong to the same period. N or 
would it he safe to atfirm co1Jc!nsively, although the evidcnce in 
this direction may be consüler{,d to Le sutliciently strong, that the 
Amcrican deposits in questi0n :un correlati•·e of that por1,ion of 
the sub-Apennine formation, which, by some geologists, has been 
referred to the upper miocene, or classed as mio-pliocene. While 
it may thus be difficult to determine absolutely whether the South 
Caro!ina deposits (and, consequently, also the North Carolinian) 
ought to be classed as pliccenc or miocene, yet, in view of the 
fact that thus far no tertiary beds have been rliscoverecl in that 
State, nor probably anywhere eise along the Atlantic coast, whose 
fauna more closely approximates that of the present day, and the 
broad lüatns that is thus created between them and the succeed­
ing post-pliocene, in which, as determined by Holmes (" Post­
Pleiocene Fossils of South Carolina," 18G0, lntroduc., pp. 3 and 
4), the recent forms make up fully 99 per cent. of the molluscan 
fauna,1 it would appear more natural to group them in the same 
series with the deposits of Virginia and Maryland, to which, as 
has been demonstrated by tbe tables of comparisons, they bear a 
strong relation. For these reasons the author has preferred to 
consider them as being of miocene age, and as representing the 
uppermost member of the series. 2 The miocene deposits of the 
Atlantic slope would, according to this determination, be divisible 
into three groups : 

1 I have bad no opportunity as yet of verifying this statement. 

2 But very little evidence as to stratigraphical position is afforded by 
direct comparisons made between the European and American faunas, 
since the number of equivalent, or eveu representative forms is compara­
tively limited, aud these are about equally dividod between the European 
miocene and pliocene. The following South Carolina lamellibranchs may 
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Upper .A.tlantic rniocene, represented by the South and North 
Carolina deposits. 

Middle .A.tlantic rniocene: represented by the whole, or the 
greater part of the Virginia deposits, and those of the Maryland 
" newer" group. 

Lower A tlantic rniocene, represented by the rleposits of the 
Maryland " older " group, and possibly the lower portion of the 
Virginia formation. 

To these three groups, commencing with the oldest, it is 
proposed to apply the designations of "Marylandian," " Virgi­
nian," and "Carolinian," respectively. 

The bequence of the tertiary formations along the Atlantic and 
Gulf slopes of the Uniterl States would, thercfore, be approxi­
matcly as follows: 

be considered to occur, or to have their analogues in the crag (plioceneJ 
deposits: 

Anomia ephippium. 
Ostrea Virginiana, represented by 0. edulis. 
Lucina filosa = L. borealis. 

" crenulata. 
Lucina dentata? 
Nucula obliqua = Nucula nuclens? 
Astarte bella, represented by Astarte gracilis. 

" undulata, represented by A. Omalii. 
Artemis intermedia, reprcsented by A. lentiformis. 
Mactra Jateralis, represented by Mactra ovalis. 
Solen ensis. 
Pandora trilineata = P. inequivalvis? 

The following may be said to occur, or to have their analogues in the 
deposits of the Vienna basin : 

Anomia ephippium, represented by A. costata. 
Arca plicatura, represented by A. diluvii. 
Nucula obliqna = N. nucleus? 
Lucina squamosa = L. pecten (reticulata). 

" filosa - L. borealis. 
" anodonta = L. Miocenica? 
" divaricata, represented by L. ornata? 

Chama corticosa, represented by C. gryphina. 
Cardium magnum, represented by C. Kiibeckii. 
Artemis intermedia, represented by A. lentiformis. 
Pandora trilineata = P. iuequivalvis? 
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REMARK.-In thc aboYc table, in most instances, only the more 
prominent loealitics for the oceurrence of the seYeral deposits 
liavc becn givcn, and thc abscnce of rcference to certain Statcs, 
thercfore, does not indicate that deposits of a g·iven age are there 
wanting. "rl1e "J acksonian '-' beds, which are generally placed at 
the top of the eocene series, may, on fürther examination, prove 
to be oligocene. B_y somc geologists a portion of the post-eocene 
tertiary deposits of New Jersey, Delaware ancl Maryland has heen 
referred to thc pliocene per'od, bnt therc cloes not appenr to be 
as yet snfücient cvidence to support such a conclnsion. No 
prccise correlation between the entire serics of the Atlantic 
tcrtinry deposits of the Unite<l States and those of Enrope can 
thns far be said to ha,·c bccn determined. There can be no doubt 
as to thc parallclism cxisting hetween the Claibornian aud the 
'' Calcairc Grossier" (Pnrisinn) of Francc; but as for thc imme­
diately ovcrlying and nndcrlying eocene deposits, their relations 
can only be approximately fixecl from the positions which they 
occnpy in their own series. 'fhe "ßuhrstone" nppears to repre­
sent a portion, or pcrhaps even a greater part of the '' Lonclonian," 
::tll(l the Marlhorongh and Piscntaway beds of Marylancl (co-lig­
nitic ?), a horizon probahly not far removerl from that of ,the 
Brnchenx sands of the Paris basin, or the Th:mct sands of 
E11glarnl (Th.anctian ). 1 The cxact equivalcnts of the "Orhitoitic" 
haYe not yet bcen satisfactorily made out. Therc can be little or 
no doubt respecting the position of thc "Yirginian," whose 
faunal faeies places it at abont the horizon of the faluns 
of Tonraine, and the "Second Meditcrranean" beds of the 
Vicnna basin; nor can there be much more doubt as to thc 
cquirn\cnc_y, at least in part, of thc "Mar_ylan<lian" and thc lower 
mioccnc beds of the Yienna basin (" First Mcditcrrancan ").2 

1 Heilprin, Proc. Acad. Nat. Sciences, 1881, p. 44H. 

2 The proportions which the recent speeies of mollusca bear to t.he extinct 
forms is )arger iu the older deposits of the Vienna basin than in the newcr; 
the pcrcentages for the two <livi,ions of the "Me<literrancan" are twenty­
one for the "First," and fifteen for the "Second ' ( Fuchs, Oeologi.•clte 
Uebersirltt de1· y:ngeren Te1·tiii1·bildim,qen des Wiener Beckens. Fiihrer zu 

den Excursioncn <lcr D. Geolog. Gesellschaft., Vit>1ma, 1877, p. 1031. The 
following spccics of Virgiuia aud Maryland lamellihranchiata may he con-

4 



18ß PROCEEDINGS OF TIIE ACADEMY OF [1882. 

The relations of thc '' Carolinian " ha\·e alrcady hecn fully dis­
cussed.1 

sidered as occurring, or having their analogous in tho deposits of the Vienna 
basin and the Ilritish crag : 

VIENNA BASJN. 

Saxicava rugosa (bilineata) = S. arctica. 
Panopma Americana, represenr.ed by P. Menardi. 
Venus latilirata. represcntcd by V. scalaris? 
Isocardia fraterna, representcd by I. cor. 
Chama corticosa, represented by C. gryphina. 
Lucina anodonta = L. Miocenica? 

" contracta (filosaJ = L. bornalis. 
" divaricata, represented by L. ornata. 
" sqnamosa (speciosaJ = L. pecten (1·eticulata). 

Nucnla ol>liqua = N. nucleus? 
Arca plicatura, represented by A. dilnvii. 
Myoconcha incurva, represented by l\lytilus Haidingeri? 
Perna maxillata = P. Soldanii. 

CUAG. 

Ost.rea Virginiana, represented .by 0. eilulis. 
Lucina lilosa (contracta) = L. borealis. 

" crenulata ( Conrad) = J.. crenulata (\Vood1? 
'' dcntata. 

Nucula obliqua = N. nucleus :' 
Erycinella ovalis. 
Astarte nndulata, reprcsented by A. Omalii. 
Pa.nopma Americana, represented by P. l\lenarrli. 

'' porrecta = P. gentilis? 
Pandora arenosa (trilineata pars ?), reprcsented by P. pinna. 
Saxicava rugosa. 
Isocardia fraterna, represented by I. cor. 

1 lt is not improbable that tbe age of the becls of this period will be most 
nearly represented by timt of the deposits of the lower (" lllack", Aut,werp 
Crag ( Diestian \, cousidered by most ßelgian geologists to form the base of 
the pliocene series of' that country (Dewalquc, Prodroine d'une Description 
Geologiq1te lle la Belgü1ue, 1880, p. 2541, and by Lyell (" Student's 
Elements," p. 185 ), as the "first links of a downward passage from the 
strata of the pliocene to those of the u pper miocene period." The 
percentage (46) of recent m'.olluscan forms characterizing the fauna of 
these Belgian deposits, as determmed by Lyell in 18!i2 "On t.he Tel'li .ry 
Strata of Belgium and French Flanders,'' Journ. Geol. Soc. London, VI II., 
p. 29RJ, is, however, considerably h g"her than t.lutt which has ueen showu 
tobe the case with the Carolinian fauua. 

• 
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