
(&00) 
T(p'1 r 

LJ/lC . A/0'7 
J ~~I IRr.F r.OMPII ATIO. J ~r. I 

Monazite in 

Atlantic Shore-Line Features 

By Lincoln Dryden and Glen A . Miller 

j -

e. I. 
dec PO'br de Ne"'o"'-Y~ Q·N :( CJo., 
4 4 N-.t '"""" f ~o.d C!o . ,~ 

1'- r-• 

•o ,_..,.,. :• ":.:: : ......... '. If .. 
1 

1 t' • ·: "' : ol 

I • 

·· ti..I. d" o.,"t4e· t4 cu.t r a & ~o . C\ J-td •\JCi't -
' ' I, 

Trace Elements ln'Vestigations Report 407 

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

I l 

J, .. 



O.FF!CIAL USE ONLY 

Geology and Mineralogy 

This document consists of 29 pages. 
Series 

UNITED STATES DEPARTMENT OF THE .INTERIOR 

GEOLOGICAL SURVEY 

M 0 N A Z lT E IN A T L A NT I C S H 0 RE - LX N E FE A T U RES* 

By 

Lincoln Dryden and Glen A o Miller 

January 1954 

Trace Elements Investigations Report 407 

CAUT,ION 

lnformation contained in this document 
has been furnished in confidence by 
E •. I. du Pont de Nemours and Co., • and 
National Lead Co.,, and shall be handled 
accordingly within the USGS and AECa 
The material herein shall not be pub­
lished without the approval of E. J.. du 
J>ont de Nemours and Co.. • and National 
Lead Co. and ' the U. s. Geological Smvey. 

This preliminary report is dis­
tributed without editorial and 
technical review for conformity 
with official standards and no­
menclature., I~ is not for pub­
lic inspection or quotation. 

*This report concerns work done on behalf of the Division 
of Raw Materials of the U., s .. Atomic Energy Commission. 

OFFICIAL USE ONLY 



OFF li CKAL USE · ONLY 

2 

U S G S ~ TE li -407 

GE OLOGY AND MliNERALOGY 

Dis tr i bu t ion (Series A) 

Division of Raw Materialso Denver " " " " " 
Division of Raw Materials. New York " " o ., 
Division of Raw Materials, Salt Lake .City o " 
Division of Raw Materials. Washirgton o " " o " " 
Exploration Divisionp Grand Junction Operations Office " 

Grand Junct ion Operations Office ., o " " " o • • o o 

U., s. Geological Survey~ 

Alaskan Geology lBranchp Washington ., o ., " • 

Fuels Brancho Washington 0 " o " o o o o o • 

Geochemisu y and Petrology IEranch. Washington ., 
Geophysics !Branch. Washington ., ., o o • " " " 

Mineral Deposits Branch, Washington o 

K., L., Buck. Denver " o " o 

R., P" Fischer. Grand Junction 
M" R" Klepper. Washington o " 

R" A., Lamre nce . Knoxville " 
D" M" Lemmon. Washington 
Qo D" Singewaldp Beltsville o o 

TEPCO o De nver o o o o o 

T EPCO o RPS o Washington a a 

(lincl uding master~ 

v 

0 

() 

0 

OFFliC li AL USE ONLY 

. . 0 

0 () " 
a a ., 

0 0 0 

. 
() 

0 () 

. . 

0 ., 

0 0 () 

0 0 " 
0 0 . 
0 . 0 

" 0 

0 0 

Noo of copies 

() 

I) 

0 

0 

1 

2 

1 
3 

1 
1 

1 

1 
1 
1 
1 

l . 
1 
1 
2 

1 
1 
2 

25 

./ 



OFFICIAL USE ONLY · 

3 

CONTENTS 

Abstract ., v ., ., ., v v ., ., ., ., 

.En trod uction " o " ., ., ., 

The Coastal Plain as a whole 
Area covered in this report ., ., ., ., ., 
Nature of the Pleistocene deposits ., 
Previous work " " ., o ., . • .o _., ., o 

Present work 
Monazite in producing and potential ore bodies ., 

Producing ore bodies ., ., ., ., o ., 

Trail Ridge ., ., ., ., ., • ., 
Jacksonville • ., ., 

Potential ore bodies " ., 
Yulee. Florida 
Folkstonv Georgia 
Eastern North Carolina 

Belvidere. N" C., 
Aurora. No C., • 

Adams Run. South Carolina 
Mappsville. Virginia ., o 0 o ., ., 

Kilmarnock. Virginia ., 0 ., ., ., 

Deposits of questionable value o o o • o ., ., " 

Pleistocene tenaces ., • ., o ., o ., ., 

Placers of low tenor " ., " ., 0 ., ., ., ., " 

Recent beaches and dunes" o " • ., ., o ., 

Recent stream deposits ., ., ., ., o ., " " " " ., 

Significance of titania content of ilmenite ., • ., ., o 

Types of heavy mineral suites present 0 

"Older" and "younger" suites • • ., ., o ., ., ., " ., 

Vertical range of the two suites ., 0 ., " • • o ., • " • • ., 

Applications of titania content and type of suite., " ., ., ., 
Eastern North Carolina ., o ., " ., 

Kilmarnock potential ore body 
Significance of Kilmarnock and Mappsville placers ., • ., ., o " ., " 

Outlook for the future " ., ., ., • " ., ., 
Literature c ited ., ., ., ., 
Unpublished report ., • ., • 

I LLUSTRATIONS 

Coastal Plain - South Carolina to Florida 0 • ., 

Coastal Plai n ~.;Marylamd to Nonh Carolina 0 

OFFXCIAL USE ON Y 

Page 
4 

5 
5 
5 

6 

'7 

8 

11 
11 
11 
13 
14 

14 

15 
16 
16 
18 
18 
18 
19 
19 
19 
20 
20 
21 
22 
23 
24 

25 

26 
26 
26 
27 
2.8 

29 
29 

12 
17 



OfFXCliAL U SE ONLY 
4 

MON AZ li T!E li N A TL A NT I C SHO RE-L li NE FE A TU RES 

By Lincoln Dryden and Glen A" Miller 

A BS TR A C T 

This report is a survey of present and potential pmduction of monazite fmm part of the 

Maryland .,.f lorida section of the Atlantic Coastal Plain" 

The part of the Coastal .Plain covered here is the outer (shore=ward) halL lin this area. all the 

large heavy-mineral placers so far discovered occwr in sand bodies that. by their shape. size. orientation~ 

and lithology. appear to be ancient beaches. spits. bars. or dunes" Smaller placers have produced from 

recent shore-line featuresa The inner part of the Coastal Plain. to be treated in another report. is }Jnder-

lain generally by older rocks. ranging in age from Cretaceous to older Pleistoce ne" 

Only two large heavy~min,eral placers are now in production~ at Trail R-idge. and near Jacksonville. 

both in florida~ Production is planned for the near future near Yulee. Fla"; Folkston. Gao ; and at one or 

two localities in eastern North Garolinao Each of these three will pmduce monazite as a bypmduct; the 

total new reserve for the three placers is about 33. 000 tons of monaziteo 

lin large heavy--mineral placers of this type. monazite has not been found to run more than· about 

1 percent of total heavy minelt'als~ Tin some large placers, notably Trail Ridge. it is almost or completely 

lacking., No reason for its sporadic occwrrence has been found in this investigationo 

Two placers of potential economic value have been found by this project in Virginia. one west and 

one east of Chesapeake Bay., Neither is of promise fm monazite pmduction. but if they serve to open up 

exploration or produetion in the area. there is a chance for monazite as a byproduct from other placers., 

A discovery of considerable scientific interest has to do with the occwrence of two different suites 

of heavy minerals in the Coastal Plain. at least south of Virginiao One~ an '"older" suite. lacks epidote. 

hornblende. and garnet; this suite occurs in aU older formations and in .Pleistocene deposits lying above 

about 50 or 60 feet above sea level., The other. "younger" suite contains these three minerals; it is re= 

stricted to recent beaches and sueams~ and to Pleistoce ne deposits at low altitudeso Monazite ~ay occur 

with either of these suites., 
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The percentage of titania (Ti02) in ilmenite is of both scientific and economic interest~"'liJmenite 

~ 

is by far the most sought-for mineral in present explmation, and whether it contains the "normal" 53 per .. 

cent of titania or, as it commonly does in Florida. 60 percent. is often of decisive importance in its 

exploitation., The nature. time, and place of this ··enrichment" in titania has not been worked out" 

The heavy .. mineral indusny of the ama seems to give promise of considerable expansion in the near 

future. and a greater monazite production seems assmed., 

liNTRODUCTliON 

The Comstal Plain as a wh ol'? 

The Atlantic Coastal Plain. excluding that portion lying beneath the ocean. is a belt of country 

that val!:'ies in width from just a few miles near New York City to about 200 miles in Georgia ; it is generally 

less than 200 or 300 feet in altitude and is charactell'istically an area of plains and low hills., For the 

most part. it is underlain by unconsolidated sedimentary rocks which range in grain size from pebbles to 

"­clays., .lit is bounded. along almost its entire length0 by the crystalline rocks of the Piedmont province; the 

boundary is the Fall Line" 

A lt'e a cov ere d in this report 

.lin some parts of tthe report, reference will be made to the Coastal Plain as a whole. but the principal 

attention will be given to the part underlain by the rocks of Pleistocene age., The area excluded is under-

lain by Cretaceous and Tertiary sediments. many of them mall'ine. which lie more or less regularly one on 

t_he other" The older mcks crop out at the inner margin of the Coastal Plain. and pmgressively younger . 

ones are arranged more or less like ·shingles. farther and faurthe n: flrom the Fall lLineo Fn:om Georgia to 

North Carolina. this belt of older sediments makes up about half of tthe Coastal Plain. but northward the· 

Pleistocene sediments reach _much fan:ther inland; fmm Maryland to New Jen:sey they underlie almost the 

entire surface of the Coastal Plain. the older rocks appearing only where lateir emsion has removed the 

PleistoceneQ 
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A further subdivision of interest and importance may be made~ Though the origin and nature of the 

Pleistoce ne deposits as a whole must be considered. all of the producing m potential ore bodies are found 

within large volumes o{ nearly pure sand; the study of these sand bodies has been one of the principal ob~ 

jects of the pwject~ Recent beach and dune sands are but a special case within the general problem., 

Nature of t h e Pleistocene d epos its 

Only a few things about the origin and natme of the Pleistocene deposits are widely accepted~ they 

are thin sheets" like veneers. lying unconformably on oldelt' mcks of valt'ious ages; they are mostly unsorted 

mixtures of pebbles. sand" and silt or clay; they lie in a belt roughly p<uallel and adjacent to the present 

coast; and those parts of the be l t that al!'e at very low altitudes seem to be largely maurine in origin~ Flint 

(1940) has give n an excellent summary of the different viewpoints and of the problems involvedo 

One concept is that the Pleistocene se diments were laid down undelt' marine waters. when the sea level 

stood some 300 feet higher than at prese nt; at this early time the shore lay well inland in theCoastalPlain. 

possibly at or beyond the Fall Linea Sediments. derived flrom older rocks lying w the west and northwest. 

were spread out on the sea flooir. smoothing and leveling it~ Later. sea level felt At this new level. waves , 

cut into the older deposits. fmming a wave<;>cut cliff or scarpo The former sea floor. underlain by the older 

sediments. now stood out. as a terraceo At the new. lower level. sediments accumulated on the sea floor. 

forming what was to be a new and lower teuace. separated from the nigher and older one by. a wave-cut scarp., 

Repeated relative falls of sea level and static land-sea relations at each level led to the formation of a series 

of terraces. separated by scarps ; t~e tenaces are progressively lower in elevation towalt'ds the present shoreo 

These terraces have been named. and the supposed position of the shore line at tthe foot of each scarp has led 

to the association of an altitude with each tenace nameo Under this concept. then. the Pleistocene deposits 

may be thought of as ~rranged in stailt'~step fashion. each bread being enormously wide and separated from 

the one below it by. a Jriser (scarp). which is extremely small compared with the width of the treads (terraces)~ 
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H it could be shown tha t this simple an angement was true. the terrace names and altitudes would be used 

in this report . but because not only the ideas but even the facts are in question. very limited use will be 

made of the mQ 

Other geologists believe that at least the Pleisto¢ene d~posits above 100 feet in altitude were formed 

under non~marine conditions. probably as stl!:'eam deposits. laid down on flood plains or de lta plains by 

shifting streams; an origin of this kind would explain the generally poorly smted nature of the sediments. as 

well as the ir irregular cmss~bedding and their rapid changes in lithology. both venii.cally and horizontally~ 

From this vie wpoint . there are no scarps at higher altitudes. and none should be expected~ 

Whichever viewpoint is adopted. tthere is general agreement that many features below 100 feet. 

especially below 50 feet or so. have had a marine origino Malrine fossils have been found in a few places 

up to a ltitudes of about 30 feeto !But more generally . geologists have resorted to the topographic e xpression 

of the deposits the mselves to expla in their mode of od ginc Many of the deposits are fairly close to the 

present shore and are more m less parallel to ill:o lin addittion. many of them are composed of rather clean 

sand and have a close resemblance in plan and profile to recent beaches. hairs. or dunes~ However" similar 

fea tures can occ Ull' at much higher altitudes. as is shown by the long sp it~Hke or b:u~ like deposits at 

Trail Ridge . Flao. which II'eaches a n altitude of about 250 feet; this fea1tme. however: is the most striking 

exception to the general rulec 

P revio us wor k 

Atlantic shore~Une features range from the recent beach and dunes to older and higher Pleistocene 

features. some of which may He a hundred miles or more inland from the present coastQ Certain aspects 

of the recent beaches and the geology of the oldel!' deposits have been covell'ed in a number of papers which. 

for the most part., have only an indirect bearing on the subject o f this report~ Several important publica~ 

tions on heavy minerals of parts of the Coasttal Plain provide useful background materialo 

Mertie (1949 ~ 1 951~ is the only author who is interested primarily in the occurrence of monaziteQ 

Cannon ( 1950) takes up many of the general problems associated with placell's and ol!'e bodies in the Coastal .PlainQ 
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Martens (1935~ has descli'ibed in considerable de tail heavy minerals and other aspects of the beaches in the 

southeastem part of the Coastal.Plain~ Although pertaining to anotherarea. a paper by Beasley (1948) is 

of great interest because it seems to pmvide a method fm the formation of beach placers and of the dune 

concentrations dell'ived from them., 

Mert.ie0 S conclusions are dilrectly applicable to the present work and therefore are summarized here., 

He collected 56 samples fmm the Coastal Plain. for the most part from the unsorted and unwashed terrace 

materials~ Heavy mineral percentages were found to be low ~ averaging 0 ., 15 percent in South Carolina 

and 0~ 37 percent in Georgia; mopazite percentages in the heavy minerals were 2., 7 percent and 1., 2 percen.n:. 

respectively., Such tenors are fa~ below p~resent requirements for commercial operationo Mertie believes 

that the proportion of monazite present has an inverse ratio to the pelt'centage of total heavy minerals~ He 

has presented his conclusions for the Coastal Pla in in briefer form in a recent publicat ion (1 953}., 

Pre s e n t work 

The work reported here differs flfom MertieQs in extent and scopeo The Coastal Plain fmm Maryland 

to Florida has been examined in reconnaissance fashion~ Of the 1. 200 samples collected. 400 have been 

studied in a preliminary way fm content and 1types of heavy minerals., lit diffeJrs also in tthat the major effort 

has been devoted to finding. outlining" and studying large sand bodies ; these sorted~ washed ~ and re~worked 

deposits may contain valuable heavy-mineral placers. such as the deposits now in production or from which 

production is planned in the nearr futme~ Most of these large bodies of relatively clean sand alt'e elongate 

features that generally uend approximately parallel to the recent shore lineo although some of them lie tens 

of miles fro111· the present coast., They seem to have been formed by waves. cunents. and winds when the 

shore line was higher and lay farther inlando By no means all large sand bodies of such char~cter contain 

heavy~mineral placers of commercial or marginal grade" A large number of them have very low content" 

and sorrie of tthem are more cleanly washed and banen of heavy minerals than any recent beach olt' dune sand 

that we have examined., 
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Early in the project it was realized~ that cenain aspects of the pwblem of finding monazite in the south~ 

eastern Coastal Plain. such as theoretical pw blems of u ansportation, sorting, and sedimentation, gave little 

pmmise of yielding results in the near futurea 'I'hese questions have been left almost entirely out of considera-

tion, although their long~range study may prove to be of great vah.llea 

Attention has been given to the likelihood of finding placers ll'ich in monazite but poor in other heavy 

minerals., The outlook, however. is definitely diiscouragingo All information available to us indicates that 

monazite will be found, if at an. as a m ilnor constituent in heavy=mineral placers" 'l'his conclusion is based 

, on experience alone~ we see no theoretical reason why monazite should not fmm a high pe1rce nt.a1ge of the 

heavy=mineral content., The majo1r. pan of ~'he work reponed here has been the search for and the study of 

large heavy~mineral placers in the hope that monazite might be found in bypw duct quantH:y" 

The method adopted by this pmject, and the only one known to us fc»1r finding heavy~mineral ore bodies, 

consists of locating large sand bodies. and then testing them for heavy_.mine1ral contento Menie (1951. Po 27) 

states that "The fOJ!.'mations in which heavy minell'als occuur are not indicated by the topography. and the sites 

of particulalt' Pleistoce,ne shme lines are no index of the occunence of ore s,,ands., " Om expelt'ience indicates / 

the exact opposite to be tmeo All of the pmducing ((Jill' known potem:ial me bodies are in sands which have been 

fashioned. by waves. cunents . o1r winds. into mme or less disU.nct topog!t'aphic featuures., 

lin d~ Fontijs exploll:'atory progx'am. consulting geologists pll'epall:'ed fmm w pogll'aphic maps and aerial photo= 

graphs a series of state maps on which well'e outlined the "pwmising" featmeso These features were any e~ongate, 

usually higher snips that appeared to have been formed (m to be forming~ as beaches. oars. or dunes., Usually 

such features consist in large part of fa irly clean sand; their heavy~minerr:al content may range ~mm almost 

nothing to that of commercial tenoir ~ a minimum of about 4 peircent in present operations)o Hand=amgering 

or jet ~dll'illing in sand bodies of this chalfacter has revealed all the pw ducing or potential ore bodies so far known., 

Further. all such ore bodies. with two exceptions. are associated with what is loosely called the Pamlico 

shore line, between about 30 and 50 feet in aH.:i.tude" Since du Pom and othell' companies have made such a 

thorough search for and testing of sand bodies at these and lowell:' altitudes in tthe Southeastern States. the work 
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of this project at the Pamlico level was extended northward into Virginia and Marylando where two potential 

ore bodies were discoveredQ lin the Southeastern States. much of ouur work was carded out in features which 

seem to be associated with a former shore line at around 90 to 100 feet above sea leve t Du Pon~: has recent= 

ly discovered a body of commercial tenor at thii.s altitude" 

The evidence that ore bodies will be found only in such topographic features is in part negative for 

almost no drilling has been done in most of the wide. flat sunrfaces which make up much of the Coastal fllainQ 

But from a limited amount of augeringo and fmm numewus natural and aRtificial exposmes it can be seen 

that such featureless Slll!'falce,s are almost always underlain by unsorted Pleistocene sedimentso commonly mix~ 

twres of pebbleso sando silto and clayo The heavy-mineK'al coment of such unsoll'ted matedal has pwven to 

be low., Virtually no exploratlion has been undertaken by this pwject or the companies except in areas where 

a definite topographic feature indicates the presence of a sand body; in some of these areas heavy-mllneral 

placers have been found" At the plfesent time" all of the mosn: promising topographic featmes have been 

examined at least blriefly a New methods of locating heavy~mineral concentrations aJre sorely neededo 

Tracing heavy minerals of placers to their somce offers several pmmising lines of attack~ lil: opens the 

possibility of finding placers in intermediate host mckso and it may aid in the search for sueam placers or 

bed~mck deposits in the ultimate somce mcko 

Thell'e has been considerable spec11dation but little proof as to the scmrce of heavy minera ls in Coastal 

Plain placers. other than that their ultimate source must have been cll'ystalline rocks like graniteo gne iss. 

and schist., The prese nt work stJrongly suggests that 0 e :li:cepting 11:ecent beaches and very low~.altlitude Ple isto= 

cene features. the heavy minerals have been derived not directly fr.om the Piedmont mcks but from erosion 

.·-

and reworking of various Coastal Plain formations., This conclusion led to a search in these fOlt'mations them = 

selves ; this work is incompleteo but it suggests a possibility of finding placers in these intermediate source rocks., 

Most recent beaches and low~ level Pleistocene sand bodies apparently are being supplied or have been 

supplied directly from the Piedmont., Pw of of this statement will be given later under a discussion of differ~nt 

types of heavy~mineral suites., 
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Various companies and individuals have helped with factual information. ideas. and suggestions~ 

Outstanding in this respect is Dr~ J., Lc Gillson of E., li ., duPont de Nemours and Company. who has given 

freely of his time and has made available a large number of maps. reports. and other data that duPont 

has gathered in several years of work., Most of the information about the Yulee. Folkston. Adams Run 0 

Aurora. and Belvidere placers has been furnished by Dr., Gillson., Mro Ao R., Reiser of the National Lead 

Company. and Mro Harry B., Cannon. consulting geologist. have been helpful. although neither has been 

in a position to cooperate fully with the work of this project" This work is part of a program of explora­

tion for radioactive raw materials that the U., S., Geological Survey is conducting for the U., S., Atomic 

Energy Commissiono 

MONAZliTE liN FRODUC TING AND POTENTliAL ORE BODliE S 

P r o d u c i n g__ o r e b o d i ~..! 

The only deposits whose current production is large are at Trali.l Ridge ( du Pont~ and east of Jacksonville 

(National Lead); both are in Florida (fig" 1)1" Other deposits in Florida whose production is small will not be 

considered further., 

Trail Ridge 

The topographic expression of the Trail Ridge deposit and the Trail Ridge ore body has been described 

in a number of publications., !n the present account. only the virtual absence of monazite will be consideredo 

Occasional grains of monazite in the heavy mineral suite show that a source for this mineral was availQ 

able when the ore body was formed., A simple explanation would be that great distance from the source was 

the ~ause of low monazite tenor., However. an · equally great distance is necessary in the case of the 

Jacksonville ore body which has a content of about 1 percent ~ about as much monazite as has been found 

in the heavy minerals of any ore body of this size and ·character., 
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lin the Trail Ridge suite of minerals the grains are exceptionally large and have been unusually well 

rounded.. The average grain size is larger than that of the monazite in most CoastalPlain mcks (excep~ 

tions ~ Tuscaloosa and McBean formations}. and it may be that monazite was washed through {by=passed) 

while the other heavy minerals were be ing deposited" Also . monazite has comparatively low hardness 

and is friable and weak relative to the other principal species (ilmenite" zircon. stam:olin:e. kyanite~ sil~ 

limanite. tourmaline. and spinel)c so that in the dune or beach enviwnment in which the heavy minerals 

were extensively abraded and rounded. monazite may have been so reduced in size that it was virtually 

destroyed during sedimentationo 

lit should be made clear that while either one or both of the .above explanations for low monazite 

tenor may be sufficient for this type of occurrence. the absense of monazite fmm certain other ore bodies 

cannot be explained in either of these ways., lin this respect monazite is not unique. for other heavy min­

erals manifest the same baffling behavior" 

J ac k s o nvi lle 

The National Lead workings east of Jacksonville have been in production fm a number of years and 

are also comparatively well known" The location and general setting are marked as "Strip Mine" in the 

north~central part of the Arlington. Fla". 1~24 . 000 quadrangle" 

This quadrangle illustrates in exce llent fashion the use of topographic guides to exploration. discussed 

before., lin the westem half of the sheet. there is no distinct trend . though there is a weak north~south 

alinement of certain featureso Similar flat surfaces without trends have been found to be underlain by unsorted 

materials, and in general this sort of topography is regarded as unfavorable in the search for heavy~mineral 

placers., But the eastern half of the sheet shows suong north~south orientation. of what appear to be old beaches 

or beach ridges. separated by lower, swampy swaleso The ridges are probably composed of well.,.sorted sand; 

such featmes are regarded as particularly favorable for heavy~ mineral exploration" lit has been reported that 

potentially valuable placers have been found also in the south ... central part of the map area. on a prolongation 

of the producing trend. at about 50 to 60 feet in altitudeo 
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Except for monazite" the heavy ~mineral sute here is in general similar to that at Trail Ridge. 

though the grain size is smaller and rounding is m ch less perfect., Small pe rcentages of epidote and 

garnet are found . as is often the case at altitudes t olt' below 50 to 60 feet ; the general significance 

of this fac t will be discussed later., Monazite ten r at present runs fmm about 0., 7 percent to 1 per~ 

cent of the heavy minerals., The monazite grains are small. almost all of them passing through the 

1/8 mm sieveQ 

P ot e ' t i al o re bodi e s 

A majority of the placers discussed under th s heading have been discoveJred in commercial 

operations . but the ir existence apparently has not een made public ., Two of the placers were dis~ 

covered in the present work., 

Two of these placers perhaps do not fall un r the heading of ''potential" g since duPont is at 

present going ahead with plans for production; the are near Yulee in portheastem Flodda o and near 

Folkston in southern Georgiao lin a third placeo a Aurora in eastern North Carolina " it is reported 

tha t National Lead is acquiring rights to mineo 

Y u ee. F l or ida 

This ore body is located east and northeast f the small town of Yulee in section 6 of the 

Sts Marys, Flodda~Geolt'gia . 1~ 62 . 500 quadrangle The gerieml setting is similar to that of the ore 

body east of§acksonvHle~ low ridges alternating .ith swampy swales., However. at Yulee the max~ 

imum el.evation is only about 30 feet and the nort ~south tre~d is not so strongly marked., 

Near .. surface percentages of heavy minerals are comparatively low. and it was only through an 

extensive jet-drilling program that du Pont finally and recently established a tonnage and tenor 

sufficie nt for operation., Preliminary results show d 1tha t the ridges were high in heavy minerals, the 

swales comparatively pomQ This would suggest 1l:h formatt ion of successive beach ridges. separated 
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by small lagoons conta~ning finer sedime nt poor in heavy minerals. Though the heavy~mineral suite 

is much like the one a t Jacksonville. the lower altitude at Yulee is accompanied by the presence of 

about 10 percent of ep idote~ 

Extensive sampling by duPont has shown that the ore body he re contains about 2, 500. 000 tons 

of heavy minerals. and of this total about 00 3 perce nt is monaziteo This indicates a reserve of about 

7. 560 tons of that mineral. 

F olks t on . Ge o r g ia 

Another ore body rece ntly oultlined by du Pont"s jet=drilling operations lies non heast of the 

town of Folkston. Ga • • in the central pan of the western third of sect ion 4. IBoulogne . Gemgia-Florida 

1 ~ 62 . 500 quadrangle. lit is about 2 miles long. in a north~south direction" and about a mile wide; the 

non h-south trend of low. bmad ridges and intervening swales near Folkston is poorly developed. as 

compared with the setting of the ore bodies a\l: Yulee and east of Jacksonville o North and south of the 

Folkston me body. on \trends as well deve loped as that containing the ore. only m inor thicknesses of 

sand were found. with very small pelt'centages of heavy mineralso 

This Folkston discovery is rather insuuctive in that it was due la !t'gely tto acd dento An incor= 

rectly identified sample led du Pont to believe tthatt they had found high heavy=mine!t'al conte nt here. 

and to retum to the area for further worko The site of the misidentified sample yie1ded nothing of 

value . but additional holes put down nearby se1rved to reveal the ore body" and a program of jet- drilling 

showed it to be of commerc ial size and tenoro One of the most significant things about this body is that 

it is the first one found a t the 90 ~foot leve l ; indeed it is the first placer of commercial grade found 

between the ones at 50 feet m lower. nearer the coast . and the Tlt'ail Ridge ore at aboutt 200 feeto How­

ever. it is not to be immediately assumed that this level will be widely pmductive . f<_>r much of the 

exploratmy work of this project from Virginia to Geo1rgia h.ms beenpalt'tliculady directed at features at 

the same altitude; so far the results of our work on deposits a t this leve l.have been negativeo · 
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At Folkstono du Pont has taken hundreds of samples. which show a to1taJ content of about lo 600.000 

tons of heavy minerals. and a monazite tenor of about 1 percent in the heavy~mineral fraction" 1'his gives 

a monazite reserve of about 16.000 tons for this ore body~ 

Eas te rn N o rt h C arolina 

Probably the most prominent Ple istoce ne scarp on the Atlantic coast mns from west of Norfolk. Va". 

southward into North ~arolina (fig .. 2) and almost entirely acmss the eastern palt't of that state" It appears 

typically on the following older maps published at a 1 ~ 62. 500 scale~ Smithfield, Vao. Suffolk, Va". 

Beckford. N., C". and Edentono N., C., " but i1t is much bettell' poll'trayed on the new 1 ~24, 000 Aurora. 

Arapahoe. and Upper Broad Creek quadrangles in North C arolina" 

On the last two maps. there is a broad expanse of countJry to the west a t an altitude of about 30 to 

35 feet~ Eastward. the re is a comparatively rapid rise to about 40 feet (and to 50 or 60 feet farther north}& 

from which level the scarp descends rapidly to the lowero flat counu·y genera lly less than 20 feet high" 

The high crest might be interp1reted as an old harder beach olt' as a beach ridge; bodngs have shown that 

it is made up largely of sand. whereas the fla t coUllntl!'y to the west is unde rlain by typical unsorted 

Pleistocene sedime ntsa The sandy crest includes at least two deposits of commercial or near~commercial 

grade . Belvidere and A mol!' a~ 

Be 1 vi d e r e 9 N" C., =~Lying about 2 miles west of the town of Belvidere (section 9. Beckford 

quadrangle) is an ore body about 2 1 / 2 miles long and 3/ 4 mile widea Ten auger holes and 5 jet~drilled 

holes a re the basis for an estimate d 1. 000~ 000 tons of heavy minerals. the heavy=mineral tenor being 

about 5 percent., Only one grain count is at present available; this· only indicates that monazite is present" 

It is reported that National Lead has re~dli'illed this ore body intensively. and they probably have more 

exact figures for monazite content., 
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Au rora . N Q Co ""'~= Along the crest of the scarp. beginning west of the town of Aurora (Aurora quad~ 

rangle} and running for some 10 miles to the south is an me body of large sizeo lilt is about 1 1/2 miles wide 

in the non h and 3 / 4 mile in the south and averages about 20 feet in depth~ lit was defined by 15 auger holes 

and 5 jet~drilled holeso The total tonnage is about 3. 000, 000 tons of heavy minerals, and the heavy~mineral 

tenor about 3 percent~ Two grain counts available at pres~nt give an average of about 0~ 3 percent of mona~ 

zite in the heavy minerals, or about 9, 000 ttons of monazite in the ore bodyo Again, it is locally reported 

that National Lead has done extensive work in this area, and that they are acquiring rights to mine; undoubtedly 

they have more ·reliable figures for monazite contento 

Adams Run, Sou t h C a rolina 

On the Edisto lisland quadrangle. 1~ 62. 500 or 1~50, 000 0 am old shore ~ line feature Ireaching a maximum 

altitude of about 40 feet appears near the town of Adams Run; this feature has almost the same trend as the 

present shore, shown in the southeast comer of tthe mapo !Fiftt:een holes, 4 of them jet~drilled, have revealed 

the prese nce of an. ore body south and southwest of the towno Samples show a heavy~mineral tenor of almost 

5 perce nt, which indicall:es a total of about 1, 000, 000 tons of heavy mineralso from two grain counts. one by 

duPont and one by this projectt. monazite tenor is Oo 2 percent and 0 0 Opercent respectivelyo These conflict~ 

ing figures serve only to indicalte that the peircemage of monazite in this olt'e body is probably very low~ 

Mappsville. Vir ginia 

This placer. as well as the Kilmarnock deposit described below. perhaps should not be listed as a 

"potential ore body" o lilt was discovered in the firs t Je w days of field work by this project and has not been 

well outlinedc But in view of the fac t thatt it and Kilmarnock open up an area hitherto untested. they are 

included in this categolt'yo 

The Mappsville placer is shown on the Mappsville. Vao, 1~25. 000 quadrangle. in the nonh~central 

pmtion of the map. between Modest .Town and Mappsville School~ The fe a1tu1re in which it lies is poorly 

define d on the map. although this may be a result of the irnadequate contour interval~ Three samples 
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examined so far show a heavy-mineral content of 30 3. 4 0 4. and 50 0 percent" which indicates an ore of 

potentially commercial grade. so far as total heavy~mineral content is concemedo The extreme wund­

ing of the heavy minerals suggests a dune origin for the ore body.. No monazite was seen in the three 

samples examine d .. 

K ilma r nock, Vir ginia 

The Kilmarnock placer lies on the Kilmarnock. Va ... 1~62. 500 quadrangle . from near Dunton Mill. 

to somewhat west of Amburg., Apparently it was about 9 miles in length, but has been cut by the 

Rappahannock River into two parts. the northern one about 3 miles long. the other about 2 mii.leso At 

least in the northern part. the placer follows a rather well-marked topographic feature. which led to its 

discovery .. 

fifteen samples examined so far give an average heavy~mineral content of between 3 .. 5 and 4 per­

cent. approaching commercial gradeo The placer has not been outlined fully. but a rough estimate gives 

a content of about 500. 000 tons of heavy mineralso Monazite is either lacking or present as a trace only .. 

DEPOSliTS OF Q UE STliONA BLE V AL UE 

Pleistocene terraces 

The deposits of commercial or near·-commercial tenor. described above. are all surface or 

near-surface concentrations of heavy minerals (placers) within elongate bodies of cleanly washed sando 

They have been found at various elevations from near present sea level to over 200 feet at Trail Ridgeo 

The typical Pleistocene "terrace". on the other hand. is a flat. often featureless smface underlain by an 

essentially unsorted mixture of materials which range in gra in size from pebbles to clayo Such unsorted 

materials underlie a very large part of the outer half of the Coastal Plain" at various elevations up to 

about 300 fee t.. 

OfFli .CliAL US E ON LY 



OFFliCliAL USE ONLY 

20 

lBut occasionally. faiirly clean sands. often cmss~bedded . occur within the largely unsmted sedimentsc 

At a few localities these sands enclose small lenses which are very rich in heavy mineralso h is possible that 

larger bodies of such sand. with a high tenoir of heavy minerals. may be found. but it is considered unlike lyo 

The only favorable fac tor is that almost no search for this type of deposit has been made; no one has been 

willing to hand ~augeir or jet~drill tthmugh silt and clay in the search folt' what appears to be an eJt:ceedingly 

small and rare type of deposito Om fe w samples fmm such local heavy'"mineral lenses show very low or no 

monazite contento 

Widely distributed throughout the Coastal Plain a1re sand bodies ranging in tenor fmm the "background 

value•• of about 00 5 percent to amund ]. Olt' 2 percento DuPont has found many such bodies. a considerable 

number have turned up in the pmgress of om work. and Cannon ~1950. Po 205i~ says that several large bodies 

containing about 2 percent alfe knowno The cut~off point today in commercial operations is around 4 per~ 

cent. so that few of these sub~marginal placers have been outlined or studied in deta ilo There is one im~ 

portant question about these placelfs ~ in tthe .fuwre . will new methods of mining and separation. or new uses 

for the minerals make it possible 1to wolflk these bqdies eccmomically? Su.ch deposits a[e of unpredictable 

value for potential pmduction of monazi!te. so far as the present evidence ·goeso Seventeen samples from 

non~commercial placers containing rnolt'e than Oa 5 pelfcent heavy minerals give monazite percentages in 

heavy minerals ranging from o. 0 to 2o 0 percem. and tthere see ms to be no clecu correlation between 

heavy~mineral tenor and tha tt of monazite wHhin 1the heavy minerals" 

Rece nt b ea ch e s a nd dun e s 

Recent features. or those vecy close to the present shore line . a1re almost all made up of clean sand : 

the problem then is to find in these sands, depQ)sits of high enough tenm and sufficient tonnage to form ore 

bodieso lin Floddao such nea!!'~shore or actual shol!'e features have been worked for a long time. but on a 
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small scaleo DuPont and probably National Lead have explored the shme line fmm Virginia south to 

Florida and amund the tip of Florida to the Gulf of Mexicoo DuPont has turned up a large number of 

deposits of interest. but in each case the volume has been too small or the titania 'content of tthe sand 

has been too low for commercial operationso 

Our information on disnibution. grade" and tormage of monazite is rather meagero Two grain 

counts by du Pont and 10 of our own show that monazite tenor in such recent features is only about a 

trace in the total heavies. but additional samples. still 1t0 be studied~ may modify this conclusiono 

The one exception. a single sample hom Myrtle lllieach. So Co. whlich contained about 1 percent 

monazite. can be explaine do . lit is knowll1 fwm other evidence that at least part of the beach sand 

here is being ' supplied by the erosion of Cretaceous bedrocko This be drock. though under the ocean 

and not available fOJr sampling. probably contains a small percemage of monazite. which is being 

concentrated on the beacho 

~ ~cent s n rr a m d~o sits 

lin this report. only the sueams in about 1the eastem half of 1the Coastal Plain are consideredo 

This is done specifically to exclude stlreams neaR' the Fall Line" m those within or near Coastal Plain 

fmmations like the Tuscaloosa m: Mc!Be<m. which are known to contain considerable monaziteo Wi1th 

such restJrictions. our sampling. though limited to some tens of samples. shows disappointingly small 

amounts m: no monazite at all in flood~plain deposits m in material now being transported" lit is 

difficult to obtain samples from most of the sneamsQ Most of the.m have verr:y low gradients. flow 

through swamps. and are appmachable at only a few pointso We did not collect a bottom sample of 

what the streams are now carrying. but only sand from near~shore bars or fwm flood deposits on the 

banks, or from the flood plains. and these 21.re the ve'ly parts of the bed load that would be expected 

to be low or barren of monaziteo The recent stream sediments of this area. then. we regarded as 

unpromising. but as vilrtually unsampled in a way to reveal the presence of monazitea 
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SEGNli fJCANCE OF TITTANTIA CONTENT OF TILMENITTE 

This report is concerned primarily with byproduct monazite in commelt'cial oir near~commercial 

placerso Since titania (Ti02} from ilmenite is by far the most valuable pmduct fmm present operations" 

variation in titania content may be the decisive factoir in the operation or neglect of a given placero For 

example" we are told thflt du Font wpuld have go~e into pmduction in eastern Nonh Camlina if titania 

content (about 58 perc~nt~ had been as high or almost as high as the 61 peircent in their Trail Ridge wmk­

ingso So the amount of titania in ilmenite may conuol the producttion of monazite in a given areao 

The problem has been discussed in detail by Cannon ( 1950. Po 204" 208 ~2 10~0 He sn:ates that 

ilmenite increases in titania content fmm nonh to south along the Coastal Plain" both in ~recent beach 

· and stream deposits" and in the older shme=line featmeso Thousands of analyses show that deuital 

ilmenite in florida has a content of alt'ound 60 percento On the otheir hand it is generally accepted (we do 

not know with what prooij that in Virginia" oir Ma~ryland" OR' New Jersey. ilmenite would tend to appwach 

its .. normal" composition of around 53 percent titaniao This difference in composition is a very important 

one" though not the only ll'eason why heavy~mineral exploJration and production have been concentrated 

in the southeasternmost part of the Coastal Plaine 

The placers in east~rn North Carolina are potential ore bodies not only because of their total tonnage. 

but because their ilmenite contains about 56 to 58 percent of Utania. whichis to be cont,rasted with a 

figure of 55 percent for an average of 9 samples reponed by du Pont from low-level Pleistocene features 

and fr.om recent beaches of the same general uea.o lit is possible that a figure less than 55 percent would 

be found in more noll'therly deposits of the same charactelro The application of this generalmle of titania 

variation with geographiC posit ion is of particular inteirest lin connection with the Kilmarnock placerg as 

' will be discU$sed lat,er., 

One more aspect should be mentioned~ the whole pwblem 01f \titania content of ilmenite" from the 

factUal data expressed as perceqtages. thmugh geogll'aphllc disuibmion of valuesg to the causes of the 

-variation0 form one P.nte'gll'ated line of research which gives pmmli.se of valuable scientific and economic 
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results~ So far. this project has no addit ional data which contribute n:o the solution of this problemo but 

we have sampled wide areas with it in mindo We wo11ld like to find out when and where the ilmenite 

changed fmm the normal type found in crystall ine rocks to the high~titania type important in present ore 

bodieso Did it change during follmation ·of saprolite in the southeastem Piedmont. or while be ing tJrans-

ported to the deposit in which it 1s found? lis it l oWell in value in the oldell mcks of the Coastal Plain. 

increasing in value in successively younger formations? Can .a definite titamla content be used as proof 

of derivation from a definite source? lif an answer can be found to these questions we may have another 

clue to the source of heavy minerals in the various ore bodieso lif the concept of geographic variation can 

be validated and extendedo it may be possible to be much more definite about the chances of getting 

byproduct monazite in a given .area of the coastal pla ino 

TY PES OJF HE AVY M li NE RAL S Uli TE S P RES EN T 

Apart from seve.ral papers on heavy minerals of !lecent beach sands and a very few on older sediments 

to the north. the dearth of heavy-mineral infmmation for most of the Coastal Pla in is almost completeo 

lit is this lack of information which has led seve K'al wlliters to guess that heavy minerals in ore bodies or 

other placers might have come eitheK' dil!'ectly fro m the Piedmont ~ or mlght have been for a while incor-

porated in one or more Ple istocene or older sediments. from which they weK'e subsequently emdedo l n 

view of the magnitude of the tasko itt is peirhaps not surprising that no one Uied to find out whether the 

Coastal Plain foll'It\altions ·w.e lie cap~ble of furnishing the minefals lin quest ion., The writers have had a 

chance to tta vel widrely$, and 'to examine and collect from most of the Coastal Plain from Maryland to 

Floridao The information which follows lis based on preHminary examina tion of some 400 heavy~mineral 

slides .. 
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" Older" and "you nge r" suites 

lin comparing the Trail Ridge suite of heavy minerals with those of the Atlantic beaches and other 

Atlantic near~shore or low~ level sand bodies. Cannon {1950. p. 207~209} found that the Trail Ridge suite 

was exceptional in that it lacked three common minerals ~ epidote. homblende, and garnet. Because he 

found a similar lack in shore sands along the Gulf of Mexico. he called this a "G ulf suite". and the other, 

containing the three minerals. and "'Atlantic suite". This led him further to postulate that the Trail Ridge 

ore body must have been formed by uansponation of se diment from a western. or Gulf, distributive -province. 

Our work shows tha t , at least from North Carolina to Florida, and including southeastern Alabama, 

Cannon's "Gulf suite" is typical of. and found in almost every one of the Coastal Plain fo rmations from 

Cretaceous through Tertiary. and in the higher. older parts of the Pleistocene as well. For that reason, we 

propose to call it here the "older" suiteo This suite typically contains 50 to 90 percent of opaque minerals, 

of which ilmenite is the dominant m ineral and leucoxene the subordinate. lin addition, zilrcon and tourma-

line are always present, zircon usually more abundanto Rutile is almost always present as a minor constituent. 

Staurolite, kyanite , and silli~anite are present in various proportions, though one or more of them may be 

missing locallyo Percentages vary. and inexplicable occurrences or absences may be encountered, but this 

basic suite is found over and over again. somewhat too monotonously. Monazite is often present in small 

amount, but we propose to treat its occurrence in a later and more detailed report. 

In sharp contrast with this "older" suite , is that found in Atlantic beach sands. The differe nce consists 

in the presence of epidote, hornblende, and garnet. often in large quantityo One, or occasionally two of 

these species may be missing locally. but typically they are all present. Cannon called this his "Atlantic 

suite". This name might be retained, but in viiew of the fact that all of the Atlant ic Coastal Plain is in some 

sense "Atlantic" o we propose to call this the "younger" suite. 
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Verti cal r ang e of th e t wo suit e s 

One of the most surprising results of om work has been the discovery thatt the " older" suite, while 

typical of the older formations and of the Pleistocene terraces at high altitude. gives way to the "younger" 

suite at low elevations" Any Pleistocene" solt'lted or unsorted, at 200 feet. 100 0 or at 75 feet has yielded 

the restric ted. "older" suite" Any recent beach. and any deposit of whatever age. below about 50 feet 

yiel~s a "younger" suiteQ 

The exact. if it is exact. ele vat ion at which this change takes place has not been determ ined as yetQ 

But the real enigma is the ~reason for the peculiar distJribution pau:em of the two suites" We can only specu~ 

late about this at present. giving more of a descript ion than an explanat ion" 

Kt looks as though during Cretaceous, Tertiary, and most of Pleistocene time . the Piedmont failed 

\' 
to yield epidote, hornblendeo and gamet to the sedime nts being deposited then. perhaps because of deep 

'Z.. \ ? • 
weathering of the crystalline mcks or because the source rocks for these minerals were covered" Or perhaps 

the minerals were deposited in the sediments in question. but were subsequently leached out" Late in 

Ple istocene time~ assuming the first explanation to be the more probable one, streams began to carry the 

three minerals out to the coastal areas and into estuaries and re~entrants in the older rocks , thus yielding 

a "younger" suite" 0Ull' samples of present~ day stream sedime nts show. as a general rule. I<lther large quanti-

t ies of epidote. hornblende, and garnet" Hence. a considerable. if not the major part of the~e sediments 

must have been derived directly fm~ the Piedmont" Recent beach sands . likewise containing these three 

minerals in quantity, therefore seem to have been furnish~d in la rge part by stJream sediments, and not to 

any major deg1ree by e~ros ion of older Coastal Plain formations" Going back in time fmm the present. the 

same condit ions seem to have obtained during deposition of the low-altitude Pleistocene terrace formations--

those lying be low 50 or 60 feet above present sea level. 

lit would be of great interest if monazite were restricted in occurrence to one or the other of the two 

suites, for that might fac ilitate search for ito But the present information indicates that it occurs without re-

gard to type of suite. 
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A PP,LliCkT li ONS OF TXT ANliA CONTENT AND TYPE OF S UliTE 

Eastern North Ca ro lina 

Although the placers in eastern North Carolina contain a small amount of epidote. they have a 

heavy~mineral suite quite similar to that at Trail Ridgeo The .thania content. also 0 is unusually high 

for such a nonherly deposit, although still a good bit lower than in Floridao These two facts have led 

some, notably Cannon (personal communication}, to assume a rather close connection between the 

North Carolina and Trail Ridge ore~forming processes., lin "Trail Ridge time"" according to this idea. 

a practically continuous coastal sand belt extended fmm Florida to at least North Carolina., This sand 

contained a more or less uniform suite; the ilmei?-ite in it had a fairly uniform content of titaniao al~ 

though somewhat lower in the non h than in the southo Later" possibly when the ( S urry~ scarp was formed 

at about 90 to 100 feet above sea level. most of this sand belt and its contained minerals were eroded 

and washed away; only Trail Ridge and the linear belt in North Carolina were preserved., Stilllateri 

re- working and re-shaping took place. at the time the prominent scarp of the area was cut. and these 

pmcesses gave us ·the sand ridge and the ore bodies at !Belvidere and Aurora., 

lit is now evident that similarity of North Camlina and Trail Ridge suites does not necessarily in­

volve a close genetic connectiong both are essentially "older" suites,~ The meaning of the high titania 

in the North Carolina suite is not clear at present., 

Kilmarnock p.otential ore body . 

Earlier in the work of the project it was believed that the Kilmarnock placer might be a northern 

extension of the supposed Trail Ridge -Eastem North Carolina trend., At Kilmarnock, epidote, hornblende, 

and garnet are present. but in smaller amounts than is typical for the "young~r" suite ., In addition" these 

minerals had already appeared at Belvidere and Aurora in North Carolina, so it was not surprising that they 

sholid increase in percentage to the north; indeed. the distinction between "older" and "younger" suites 
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may not hold north of North Camlinao Further. in a test of two samples from Kilmarnock, one showed low 

titania content in ilmenite. but the other gave a value of about 56 percent., This value is presumably higher 

than that of beach sands and stream sediments in Virginia. but its significance is not known~ 

At present it is not clear if there is any couelation between type of suite and percentage of titania in 

ilmenite., 

S XG NlF RCA N CE OF KXL MA RN 0 CK AND MA PPS VXLLE PLACERS 

The Kilmarnock and Mappsville placers. in widely separated parts of the Virginia Coastal Plain. have 

a significance beyond their possible economic value~ they show the existence of sand bodies of considerable 

size, with a heavy~ mineral tenor near or within the commercial range. something the companies seem to 

have discounted so far to the north~ 

The one sample with a titania content of 56 percent at least opens the possibility that ilmenite in the 

northern part of the Coastal Plain may be of commercial titania tenor" Assumed low tenor to the north has 

been perhaps the chief reason why company exploration has been limited to the southern states~ Further study 

of our samples may prove their assumption to be wrong and maY open large areas of the Coastal Plain in 

Virginia, Maryland. Delaware. and New Jersey to commercial exploration., 

The Kilmarnock and Mappsville placers are disappointing in that they contain either only a trace, or 

no monazite at all., We do not regard this as proof. or even as an indication that monazite will not be found 

in northern placers., lin a negative way, it may be pointed out that the Adams Run. S., C.,. potential ore body 

contains virtually no monazite. similar to the deposit at Trail Ridge., Looked at in the other way. we know 

that there are monazite-bearing crystallin~ rocks around Philadelphia and Wilmington. Del~; Mertie has 

reported rhem near Fredericksburg. Va.,. and although we have made no search for them in between these 

places. the same kinds of rocks are continuous., Further. we have found significant quantities of monazite in 

the basal Cretaceous (Patuxent) in Delaware. Maryland. and Virginia. as well as in the beach sand at 

Stingray Point, Va.,. on Chesapeake lBay.. We do not believe and do not mean to imply that the total amount 
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of monazite in either the crystalline rocks or in the sediments will prove to be as great in the north as 

farther south., But we see no reason why monazite should not be found in byproduct quantities in northern 

placers., 

OUTLOOK FOR THE FUTURE 

Kt is obviously difficult to give any credible number to the ore bodies that still remain undiscovered., 

But the number and spacing of exploratory holes put down in promising topographic features still leave the 

probability of finding an additional number of placerso Several of the known ore bodies have a width of 

from half a mile to a mile or so. and in many cases and many areas, auger holes have been spaced at 

distances of this magnitude., The chances of missing a placer are good, as almost happened at Folkston. 

and it would probably pay to re-work a great deal of the already explored areao 

There is encouragement. also. in the fact that both Yulee and Folkston have been discovered within 

the last few months, one of them at an elevation which had not previously yielded ore., 

At the present time the heavy-mineral industry of the area is expandingo DuPont will open opera­

tions at Yulee and Folkston, producing monazite as a byproduct. and although we do not know National 

Lead's plans, they are reported to be acquiring land to develop eastern North Carolina, also a monazite 

producero 

Recently, the writers have been approac.hed by geologists of the Bear Creek Mining Company 

(subsidiary of Kennecott Copper), who are looking into the possibility of entering the heavy-mineral field 

in the southeast., En addition. there are a considerable number of smaller operators or prospectors. princi­

pally in Florida, who are constantly on the search for new deposits., The industry seems to be healthy, and 

monazite production should increase during the next few years.. Reserves or impending production of about 

32,000 tons of monazite have been reported elsewhere in this report., 
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