


THE WACCAMAW AND CROATAN DEPOSITS OF THE CARCL INAS
By

JuLes R, Du Barx*

INTRODUCTION

FUNDS DERIVED FROM A NATIONAL SCIENCE FOUNDATION
GRANT HAVE MADE POSS!BLE INITIATION OF A DETAILED STRATI-
GRAPH!IC—-PALEOECOLOGIC STUDY OF SOME OF THE MARINE NEOGENE
DEPOSITS OF COASTAL NORTH AND SOuTH CAROLINA., SPECIAL EM-
PHASIS HAS BEEN PLACED ON THE WAGCAMAW AMD CROATAN FORMA=-
TIONS. MUCH OF THE SUMMER OF 1959 wAS SPENT EXAMINING OUT-
CROPS AND MAKING EXTENSIVE COLLECTIONS, -~ IELD #ORK !N THE
AREA WILL BE RESUMED DURING THE SUMMER OF 3960,

IT IS HOPED THAT AS A RESULT OF TH!S STUDY A MORE
ACCURATE PICTURE CAN BE CONSTRUGCTED OF THE MUTUAL STRATI=-
GRAPHIG AND AGE RELATIONSHIPS QF THE VARIOUS “EOQGENE FORMA=-
TIQNS IN THEf REGION, AND THAT DETAILS COF THE DEPOSITIONAL
ENVIRONMENTS CAN BE DETERMINED,

T Is DESIRABLE THAT THIS S§TUDY BE COORDINATED
WITH THOSE OF OTHER INVESTIGATORS WORKING CONCURRENTLY ON
SLIGHTLY DIFFERENT ASPECTS OF THE SAME GENERAL PROBLEM,
THUS MAKING POSSIBLE A MUCH MORE ACCURATE ACCOUNT QOF THE
NEOGENE HISTORY OF THE COASTAL PLAINS OF THE CAROLINAS AND
SYB3EQUENTLY ALL OF THE SOUTHEASTERN SEABOARD.

REsuME OF PAasT NORK

THe WACGAMAW FORMAT!ON WAS NAMED 8Y NiLLIAM H.
Dary (1892, P. 209) FOR FOSS|LIFEROUS MARINE DEPOSITS EX~-
POSED ALONG THE BANKS OF THE Waccamaw River inN HoRrRRY CounTy,
SoutH CarOLINA. DarL (1892, p. 209) NAMED THE CROATAN
FORMATION FOR FOSSILIFEROUS MARINE SEDIMENTS EXPOSED ALONG
THE BANKS OF THE NEuse River EasT ofF New BERN, NORTH CaRo-
LINA, HE REFERRED BOTH OF THE FORMATIONS TO THE FLORIDAN
GROUP (PLIOCENE) ALONG WITH THE CALOOSAHATCHEE MARL OF
FLORIDA.

PRIOR TO THE TIME OF DaLL'S sTuDY THE WACCAMAW
AND CROATAN FORMATIONS WERE GROUPED BY MOST GEOLOGISTS WITH
OTHER NEOGENE DEPOSITS OF THE CAROLINAS INTO THE "CAROLINTAN
BeEps', CONSI!IDERED AT THE TIME TO BE MIOCENE IN AGE. TUCMEY
AND HoLMEs (1857) pPLACED THE NAGcAMAW AND CROATAN DEPOSITS
IN THE PLIOCENE,

DaLL concLuDED (1892, p. 202-203) THAT THE FAUNA
DESCRIBED BY TUOMEY AND HOLMES IN THEIR "PLz10ceENE FOssiILs
oF SouTH CAROLINA" (1857) wasS AGCTUALLY A MIXTURE OF SEVERAL
HETEROCHRONOUS FAUNAS INGCLUDING SOME OF MIOGENE AND SOME OF
PLIOCENE AGE. HE CONSIDERED THAT THE MIXTURE WAS NOT ATTRI-

* DEPT., OF GeoLoGgY, UNIVERSITY OF HOUsTON, HOUSTON, TEXAS

1



BUTABLE TO CARELESS FIELD WORK, BUT RATHER THE RESULT OF MIX-

ING BY RUNNING WATER, EARTH FLOWS AND OTHER NATURAL PHENOMENA.
DALL CONFINED HIS STUDY TO THE WAccAMAW AND NEUSE RIVER AREAS

BECAUSE HE CONSIDERED THE FAUNAS THERE TO BE STRATIGRAPHICALLY
IN PLACE.

DaLL (1892, P, 215) rFounD THAT 125 ouT ofF 180 moL-
LUSK SPECIES (OR‘80%S FROM THE TYPE WACCAMAW DEPOSITS WERE
STILL LIVINGy, WHEREAS 80 of 96 srecies (or 83%) FROM THE
CROATAN FORMATION WERE REPRESENTED IN THE RECENT FAUNA. CoON=-
SIDERING THESE PERCENTAGES AND BY COMPARING THE FAUNA WITH
THOSE OF OTHER AREAS AND OTHER FORMATI!ONS DALL CONCLUDED THAT
THE WACCAMAW FORMATION WAS PLIOCENE AND THAT THE CROATAN WAS
SLIGHTLY YDUNGER BUT ALSO PLIDCENE !N AGE.

MOST GEOLOGISTS HAVE AGREED SINCE DALL'S PUBLICATION
(1892) THAT THE WAcCcAMAW AND CROATAN FORMATIONS ARE PLIOCENE
IN AGE AND THAT THEY ARE CORRELATIVES OF THE CALOOSAHATCHEE
MarL (CoLE, 1931, GARDNER AND WOODRING, 19433 Cooke, 19363
GARDNER, 19433 MansrFieLD, 1938, 19363 MiLLER IN CLARK, 1912,
AND RiICHARDs, 1950).

MansFieLD (1928, p. 135) THOUGHT THAT DaALL HAD IN=
CLUDED BOTH PLIOCENE AND PLEISTOCENE SPEGIES IN HIs CROATAN
FAUNAL LIST. MANSFIELD RE~EXAMINED THE TYPE AREA NEAR SLO-
cuM's CREEK WHERE HE DECIDED THE TERM CrRoOATAN (PL10OGENE)
SHOULD BE RESTRICTED TO THE LOWER FEW FEET OF THE SECTION,
WHIGCH WERE SUPPOSEDLY OVERLAIN UNCONFORMABLE BY FOSSIL!FEROUS
PLEISTOCENE DEPOSITs. NEITHER RicHARDs (1950) Nor | couLD
LOCATE THIS UNCONFORMITY AND JUDGING FROM FIELD RELATIONSHIPS,
| HAVE TENTATIVELY CONCLUDED THAT MANSFIELD's "PLIOCENE'" AND
"PLEISTOCENE'" STRATA ARE ACTUALLY INTERTONGUING FACIES REPRE-
SENTING THE SAME AGE.

RecenTLY BrowN (LEGRAND & BROWN, 1955) HAS CONCLUD-
ED ON THE BASIS OF COMPARISON OF OSTRACODE SPECIES THAT AT
LEAST SOME OF THE "WACcAMAW' OUTCROPS IN NORTH CAROLINA RE-
PRESENT A FACIES OF THE LATE MIOCENE DUPLIN FORMATION.

GEOLOGY OF THE WACCAMAW
AND CROATAN FORMATIONS

SupP0osSED WACCAMAW AND CROATAN DEPOSITS CROP OUT I[N
SCATTERED PATGCHES ALONG THE EASTERN EDGE OF THE COAsSTAL PLAIN
FROM CHARLESTON, SOUTH CAROLINA TO THE NEUSE RIVER AREA IN
NORTH CAROLINA, A DISTANCE OF MORE THAN 200 MILES., ALL THE
KNOWN OUTCROPS LIE BELOW THE Wicomico (100 FOOT SHORELINE).
ExPosuREs OF THE CROATAN ARE RESTRICTED TO THE BANKS OF THE
Neuse RIVER EAsT OF NEw BERN, NORTH CAROLINA AND TO THE AREA
IMMEDIATELY ADJAGCENT TO THE RIVER.

THE FORMATIONS ARE THIN WHERE OBSERVED, AVERAGING

LESS THAN 10 FEET AT MOST OUTGcROPs. MiLLER (IN CLARKE, 1912,
P. 252-253) REPORTS A THICKNESS OF 80-100 FEET FOR THE WACcCA~-
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MAW IN A WELL IN HyDe CouNnTy,

LiTHOLOGICALLY THE WACCAMAW CONSISTS OF UNCONSOL |-
DATED SANDY MARLS, ARGILLACEOUS MARLS AND SAND AS WELL AS
SOME THIN, RELATIVELY HARD LIMESTONES OR CALCAREOUS MARLS.,
MosT OF THE OUTCROPPING DEPOSITS ARE BROWNISH IN COLOR ON
THE SURFACE, BUTUNWEATHERED MATERIAL [S COMMONLY BLUE-GRAY.
IN GENERAL, MEGAFOSS!ILS, ESPECIALLY MOLLUSKS, ARE ABUNDANT
AND FAIRLY WELL PRESERVED,

THE CROATAN DIFFERS FROM THE WACCAMAW IN BEING
SANDIER, MORE ARGILLACEOUS AND LESS CALCAREOUS,

BoTH THE WAccAMAw AND CROATAN FORMATIONS UNCON-
FORMABLE LIE ON OLDER FORMATIONS, THE WACCAMAW RESTS ON DE-
POSITS WHICH RANGE IN AGE FROM CRETACEOUS TO LATE MiOCENE.
WHERE OBSERVED THE CROATAN FORMATION RESTS ON THE TRENT FOR-
MATION (EARLY MtOGENE).

BoTH THE WAccAMAW AND CROATAN ARE UNCONFORMABLY
OVERLAIN BY PLEISTOCENE SANDS AND CLAYS,

STRATIGRAPHIC AND AGE RELATIONSH!IPS

As MENTIONED ABOVE, THE WACCAMAW AND CROATAN FOR-
MATIONS ARE AT PRESENT GENERALLY CORRELATED WITH THE CALOOsA-
HATCHEE MARL OF FLORIDA, AND THESE THREE FORMATIONS COLLEC-
TIVELY HAVE BEEN CONSIDERED TO REPRESENT THE MARINE PLIOCENE
OF EASTERN UNITED STATES. RECENTLY, STUDIES 8Y MyseLF (1958a,
19588, anND 1958c) anp 0THERs (PuR1 AND VERNON, 1959) HAVE
CONCLUSIVELY DEMONSTRATED THAT THE CALOOSAHATCHEE MARL (S A
PLEISTOCENE DEPOS!T., IN ADDITION, THE TAMIAMI FORMATION,
ONCE REGARDED AS A PLIOCENE FAGCIES OF THECALOOSAHATCHEE, IS
NOW CLASSIFIED AsS LATE Miocene (N AGE (PARkER, 1951).

ALL MARINE PLEISTOCENE STRATA OF FLORIDA YOUNGER
THAN THE CALOOSAHATCHEE MARL, WHICH CONTAINS MARINE FOSSILS,
LI1E BELOW THE PamL1CcO SHORELINE (30 FEET ABOVE SEA LEVEL).
PROBABLY ALL THESE YOUNGER PLEISTOCENE DEPOS!TS, WHICH IN=
CLUDE THE FT. THOMPSON, ANASTASIA, Mrami 0OLITE AND KEY
LARGO FORMATIONS, ARE MORE OR LESS CONTEMPORANEOUS WITH THE
PAML1CO FORMATION OF THE CAROLINAS (TasLE 1). IT 1S THOUGHT
BY ME THAT ALL OF THESE FORMATIONS, INCLUDING THE PAMLICO,
WERE DEPOSITED AT A TIME WHEN THE WISCONSINAN GLACIERS RE=-
TREATED AND SEA LEVEL STOOD APPROXIMATELY 25-30 FEET HI!GHER
THAN TODAY,

IT 1S PROBABLE THAT ONE OR MORE OF THE FLORIDA
PLEISTOCENE SHORELINES ABOVE THE PAMLICO WERE FORMED BY THE
CALOOSAHATCHEE SEA. PALEODECOLOGICAL AND PALEOGEOGRAPHICAL
EVIDENCE (Du Bar, 19584, P, 152) SUGGESTS THAT THE HIGHEST
STAND OF THE CALOOSAHATCHEE SEA CORRELATES WITH THE MAKING
OF THE WicoMico SHORELINE (100 FEET ABOVE SEA LEVEL).

P
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TABLE 1

CORRELATION OF NEOGENE DEPOSITS OF SOUTHERN FLORIDA
Cooke, Gardner and Woodring, 1943

Present study

Wisconsinan Peorian Lake Flirt marl Lake Flirt marl
Iowan Pamlico sand Pamlico sand
Fort Thompson Anastasia Miami Key Largo
fm. fm, oolite Is.
Sangamonian Miami Key Largo Anastasia Talbot fm. Caloosahatchee Talbot fm. ?
oolite Is. fm. Penholoway fm. marl Penholoway fm.
Wicomico fm. Wicomico fm.
° Illinoian § No record
s A
3 g
8| Yarmouthian | S g Sunderland fm. No record
.2 (Zha
] +3
A« | Kansan 5 No record
=9

Aftonian No record

Nebraskan No record No record

Upper E‘ Caloosahatchee marl Tamiami limy
2 (Astian) = sandstone facies No record
[ > E
.§ e
| Lower g Buckingham marl member

(Plaisancian) | m No record
@
gE, Upper No record Tamiami fm. Bone Valley fm.?
° (Sahelian?)
=




CONSIDER!NG ALL AVAILABLE EVIDENCE, ESPECIALLY
THAT DERIVED FROM VERTEBRATE FOssiLs, | (Du Bar, 19588,
P. 136-142) assiGNED THE CALOOSAHATCHEE MARL TO THE SAN-
GAMONIAN INTERGLACIAL., NEITHER OLDER MARI!NE PLEISTOCENE
NOR MARINE PLIOCENE DEPOSITS IN FLORIDA ARE NOW DEFINITELY
RECOGNIZED BY ME,

SEVERAL FACTORS HAVE BEEN GIVEN MUCH WEIGHT BY
GEOLOGISTS WHO ASSIGN THE Waccamaw AND CROATAN DEPOS!ITS
TO THE PLIOCENE., THREE OF THE MOST IMPORTANT CRITERIA ARE
DISCUSSED BELOW:

1. UNDOUBTEDLY THE "PLIOCENE SCHOOL'" HAS BEEN IN-
FLUENCED BY THE ASSUMPTION THAT IN PLACES THE WACCAMAW IS
SUPPOSEDLY OVERLA!N BY EARLY PLEISTOCENE SEDIMENTS, AND THAT
THE YOUNGEST ROCKS WHICH ARE KNOWN TO DIRECTLY UNDERLIE THE
WACCAMAW ARE ASSIGNED TO THE LATE MiOCENE DUPLIN MARL.
TH!S WOULD NARROW THE POSSIBLE AGE FOR THE WACCAMAW AND CROA-
TAN FORMATIONS TO THE RANGE BETWEEN LATE MiocENE AND EARLY
PLEISTOCENE, THUS VIRTUALLY FORCING THEM INTO THE PLIOCENE.

2, UsiING THE LYELLIAN METHOD OF PERCENTAGE OF
LIVING MOLLUSCAN SPECIES CONTAINED [N THE FAUNAS BOTH THE
Waccamaw AND CROATAN FORMATIONS SEEM CLEARLY TO FALL INTO
A PLIDCENE CLASSIFICATION,

3. By COMPARISON OF THE FAUNAS WITH THOSE OF OTHER
NEOGENE FORMATIONS, IT WAS SHOWN THAT, CONSIDERING DIFFER=
ENCES ATTRIBUTABLE TO LATITUDE, THE WAccAMaw AND CROATAN
FAUNAS ARE MOST SIMILAR TO THAT OF THE CALOOSAHATCHEE MARL.
FROM THIS OBSERVATION |IT WAS DEDUCED THAT THE WACCAMAW AND
CROATAN DEPOSITS REPRESENT A COOLER WATER FACIES OF THE
TROP!ICAL CALOOSAHATCHEE FORMATI!ON, THE LATTER CONCLUSION
IS STRENGTHENED BY THE FACT THAT THE CALOOSAHATCHEE MARL
OF NORTHEASTERN FLORIDA WAS APPARENTLY DEPOSITED IN WATER
WITH A TEMPERATURE RANGE INTERMEDIATE BETWEEN THAT FOR THE
TYPE CALOOSAHATCHEE AND THAT FOR THE WACCAMAW AND CROATAN
FORMATIONS.

BELOW THE PAMLICO SHORELINE THE WAGCCAMAW 1S NEAR-
LY EVERYWHERE OVERLAIN BY THE LATE PLE!STOCENE PAMLICO FOR-
MATION, PLEISTOCENE DEPOSITS OLDER THAN THE PAMLICO WHICH
CONTAIN MARINE FOSSILS, HAVE NOT BEEN DEFINITELY RECOGN!ZED
ANYWHERE IN EAsTERN UN1TED STATEs (RicHARDs, 1936, 1938,
1950). WHERE THEN ARE THE FOSSILIFEROUS DEPOSITS CORRESPOND-—
ING TO THE HIGHER, OLDER SHORELINEs? CouLD THE WACCAMAW
AND CROATAN FORMATIONS REPRESENT OLDER PLEISTOCENE DEPOSITS?

ALL THE KNOWN WACCAMAW AND CROATAN DEPOSITS OF THE
CAROLINAS LIE BELOW THE WIicOMICO SHORELINE, THOUGHT TO BE
SANGAMON!AN !N AGE (Du Bar, 1958a). ALL THE SPECIES OF THESE
TWO FORMATIONS COULD HAVE LIVED IN WATER LEss THAN-100 FEET
IN DEPTHe THUS IT .,IS POSSIBLE THAT THE WACCAMAW-CROATAN
SEA COULD HAVE FORMED THE WICOMICO SHORELINE DURING THE
PLEISTOCENE, |F THIS 1S TRUE, THEN UNFOSSILIFEROUS SANDS
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OVERLYING THE WACCAMAW AT ELEVATIONS BETWEEN 30 AND 100 FEET
WOULD BE LATE PLEISTOCENE RATHER THAN EARLY PLEISTDCENE IN
AGE.

THE LYELLIAN PERCENTAGE METHOD HAS BEEN LONG DIS-
CREDITED AS A PRECISE METHOD OF DETERMINING THE AGE OF A
Cenozotc FORMATION (DaLL, 1892, p. 215). FACTORS OF LDGAL
DEPDSITIONAL ENVIRONMENTS, RATE OF DISPERSION, EFFECT OF
GEDGRAPHIC AND ECOLOGIC BARRIERS, AND INCREASING KNOWLEDGE
OF FOSSIL AND REGCENT FAUNAS ALL CONTRIBUTE TO THE INVALIDA-
TION OF LYELL'S CONCEPT, AT BEST IT IS A METHOD WHICH MUST
BE USED WITH EXTREME CAUTION. IT s UNLIKELY, HOWEVER, THAT
A MIOGENE FORMATION wOULD CONTAIN 80-83% RECENT SPECIES OF
MOLLUSKS$ ON THE OTHER HAND, IT SEEMS QUITE POSSIBLE THAT
OLDER PLEISTOGENE DEPOSITS MIGHT CONTAIN 17-20% EXTINCT
SPECIES.,

COMPARATIVE ANALYSES OF THE FAUNAS SUGH AS THAT
By DaLL (1892, p, 215-216) SEEM TO BE A MORE RELIABLE AP-
PROACH TO DETERMINATION OF THE RELATIVE AGE OF THE WAGCAMAW
AND CROATAN FORMATIONS THAN THE LYELLIAN METHOD., HOWEVER,
EVEN COMPARATIVE STUDIES MAY ENGCOUNTER SERIOUS PITFALLS.,

DaLL LisTep (1892, P, 215) THE FOLLOWING GEOLOGIG
RANGE DATA FOR 180 MOLLUSCAN SPECIES FROM THE TYPE WACCAMAW.

MIDCENE 2 SPEGCIES
MIOGENE-PL!1OCENE 16 SPEGIES
PLIOCENE 17 SPECIES
NEwW SPECIES 7 SPECIES
DouBTFUL RANGE 13 SPECIES
PLIOCENE-PLEISTOCENE 1 SPECIES
REGCENT 51 SPECIES
PLIOCENE AND RECENT 64 SPECIES
RECENT 9 SPECIES

SUCH A FAUNA, |F THE DATA WERE ACGCURATE, WOULD
INDEED APPEAR TO BE PLIOCENE IN AGE., HOWEVER, THE PLIOCENE
PART OF ALL THE RANGES LISTED BY DALL WERE BASED ON THE RE-
CORD OF THE SPEGCIES IN THE CALOOSAHATCHEE MARL, INGORREGTLY
JUDGED TO BE A PLIOCENE FORMATION., NONE OF THE SO-CALLED
"PLIOCENE GUIDE FOSsILS'" IN THE WAcCcAMAW AND CROATAN ARE
RESTRICTED ELSEWHERE TO UNQUESTIONED PLIOCENE DEPOSITS,
THERE IS NO REASON TO ASSUME THAT THE TwO "MIOCENE SPEGIES"
LISTED BY DALL, OR THE 13 "MiOGENE-PL!0OGCENE SPECIES' COULD
NOT HAVE SURVIVED INTO THE EARLY AND MiDDLE PLEISTOCENE.
SIMILAR EVIDENGCE PRESENTED BY DALL AND OTHERS FOR THE PLIO-
CENE AGE OF THE CROATAN FORMATIONS SEEMS EQUALLY UNGONVINC-—
ING,

IT APPEARS FROM THE ABOVE DISCUSSION THAT AT LEAST
THE TYPE WACCAMAW AND CROATAN FAUNAS COULD BE PLEISTOCENE IN
AGE. CERTAINLY THE PLIOCENE AGE DETERMINATION {S OPEN TO
SERIOUS QUESTION, AND THERE SEEMS PRESENTLY TO BE LITTLE EVI-
DENGCE SUPPORTING CLAIMS OF A MIOCENE AGE FOR EITHER THE
Waccamaw OR CROATAN FORMATIONS. IT s QUITE POSS1BLE, HOW-
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EVER,THAT OUTSIDE THE TYPE AREAS OUTCROPS ASSIGNED TO THE
WACCAMAW AND CROATAN FORMATIONS GOULD HAVE BEEN MISIDENTI=~
FIED AND SOME OF THESE ARE PERHAPS ACTUALLY OLDER THAN THE
TYPE DEPOSITS, BEING GORRELATIVES OF THE DuPLIN MARL (LATE
MIDCENE).

[N SHORT, THE EXAGT STRATIGRAPHIGC AGE, PALEOEGCO-
LOGICAL AND PALEOGEOGRAPHICAL RELATIONSH!P AMONG THE LATE
NEOGENE DEPOS!ITS OF THE CAROLINAS 1S NOT CLEAR AND THE
RELATIONSHIP OF THESE FORMATIONS WITH THOSE OF AREAS TO THE
SOUTH, NORTH, AND WEST HAS NOT BEEN DEFIN!TELY ESTABLISHED.

FUTURE WORK

THE LATE NEOGENE DEPOSITS OF THE CAROLINAS NEED
TO BE SERIOUSLY RE—=EVALUATED IN THE LIGHT OF NEW INFORMATION
AND !DEAS CONCERNING APPARENTLY CORRELATIVE DEPOSITS IN
FLORIDA AND ELSEWHERE. FUTURE WORK IN THE REG!ON SHOULD BE
BOTH MORE COMPREHENS!IVE AND MORE DETAILED THAN IN THE PAST.
TOTAL ASPEGCTS OF ALL FAUNAL, FLORAL AND SEDIMENTOLOGICAL
CHARACTERISTICS NEED CAREFUL EXAMINATION SO THAT ALL POSSIBLE
EVIDENCE CAN BE BROUGHT TO BEAR ON THE SOLUTION OF PROBLEMS
CONCERNING STRATIGRAPHIC POSITION, RELATIVE AGE, DEPOSITIONAL
ENVIRONMENT, AND PALEOGEOGRAPHY, THIS WILL ENTAIL STUDY OF
ALL KNOWN NEOGENE EXPOSURES AS WELL AS THE ACCUMULATION OF
AS MUCH SUBSURFACE DATA AS [S POSS!BLE, IN ADDITION, ULTIMATE
SOLUTION OF THE DIVERSE PROBLEMS DEMANDS THE COOPERATIVE
EFFORTS OF THE VARIOUS SPECIALISTS CONCERNED WITH THE NEO-
GENE HISTORY OF OUR ATLANTIC CoAsTAL PLAIN.

[T WILL NOT SUFFICE TO RESTRICT EXAMINATION TO THE
3HALLOW MARINE DEPOSITS NEAR THE PRESENT SHORE AND SUCH DOWN-
DIP DATA AS WE SHALL BE ABLE TO ACQUIRE. STUDIES ALSO NEED
TO BE DIRECTED TO THE NON-MARINE FAC!ES FOUND GENERALLY WNEST-—
WARD FROM THE MARINE FACI!ES., GEOMORPHOLOGICAL INVESTI!IGATIONS
SHOULD BE ENCOURAGED AND DETAILED MAPPING OF PLEISTOCENE
SHOREL INE FEATURES |5 ESPECIALLY DESIRABLE.

MORE WORK NEEDS TO BE DONE IN FLORIDA., As YET
THE CALOOSAHATCHEE MARL AND CHARLTON FORMATIONS OF NORTH=-
EASTERN FLORIDA ARE NOT WELL ENOUGH UNDERSTOOD. THE STRATI-
GRAPHIC ASPECTS AND DEPOSITIONAL ENVIRONMENTS OF THE VARIOUS
FLORIDA MIOCENE FORMATIONS NEED MORE STUDY. THE SAME COMMENTS
ARE PERHAPS APPLICABLE, TO A LESSER DEGREE, TO THE MIiOGENE
FOUND NORTH OF NORTH CAROLINA.
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