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ABSTRACT AND OVERVIEW

 In this reporf; the firgt» results for the Atléntié
Coastal '?1ﬁin' drilling pr@g:am are reporteduvby _thé.
Geophyéics group for .17 holes drilled in New Jer;ey,
Delawafe,b'Maryland, and Virginia. Avefagé gepfhefmall
gradients range from about 25 °C/Km to a high df 45 'C/Km;
Thréer sites, Salisbury, MD, Crisfield, MD, and W&lldps
island, VA, have sufficiently high thermal gradients to
warrant further study to outline the thermal anomaly and to
discover if they are assoéiated éith # potgntial field
anomaly. Hole 25 drilled at the center of a well-defined
negative grgvity ahomaly near Portsmouth, VA has a gr#dient
of 35 °C/Km wvhich is significanﬁly greater than the 25°C/kﬁ
gradiént of hole 26 drilled ,néarby.‘ This éuﬁporfs tﬁé
fédiOgenic model and suggests that such gr&#ity lqﬁé aré
associated with granitic focks which act as greater thaﬁ
normal heat sources buried by the insulating cover of‘the
coastal plain. A

Dashevsky describes his work on the»appréaéh to thérm31 
eqﬁilibrium; of.’tﬁe coastai plain holes. The original
tempetatu;e gtédient is»distu:bed by tﬁe drilling and,vmﬁre
i@férténtiy, by the heat of ‘cfysfallization of the cééeﬁt
used to séal ;he holés. The hbles' approachA”qheir
equilibriﬁm gradient exponentially’ and are within; 52 of
their equilibrihm> valué at ‘approximatéiy. 450 hours 'gfte;

cementing.
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.Costein,.?erry, Dashevsky;'and Sans report.a new heat
?flow'valne for the Siloam 1 drill hole in the Siloam Pluton,
GA of 1.53 x 107% cal/cm®-sec (1.53 HFU). This is the
higheer value reporred:in the southeastern USA. lhe euthors
.conclu&e that a'sinilar pluton, buried under the inenleting
cover of the Atlantlc Coastal Plain, could easily acconntv
.for the high geothermal grad1ents now be1ng found there.
Using the emp1r1ca1-l1near relation between heat flow and_
heat generation, the Siloen nluton was originelly chosen to
be drilledkoecause the high heat production oflthe surface
sanplee'nould predicr e high heat.flow.‘ costein and Perry;
in‘their section on the 1linear relationsnip between heat
flow (Q) end(heat ’prodnction‘(A), diecues tne'inportance
of rheisiloam,in confirmlng thisArelntionshio given)by |
“ Q (HFU) = 0.65 + 8.0A (ucu) |
for values of A greater then 6 'HGU (1 HGU,=: 10.'13
oel/cms-sec): for »the smeller, post- and pre-metamorphic
plutonsvof tne southeasterniusA; bThe failnre‘ofbthe larger,
Syntecqanic plutonic complexes such as the Petersburg \end
Roles#ille 'tov conform to thle linearr relationship 'remnins
unexblained" It must be noted however, thatlthis'linear
»relatzon st111 prov1des a m1n1mum estlmate of heat flow in
these cases.. | | |
| Regular readers of these ‘renorts are aware of tne
lively interesr in the ‘reason or reesons why the ‘heat

productions of near-surface ‘rocks, subject to varied
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histories, should give a gbod indication of heat flow from

the earth 8 crust 1lying Beneath them, | Explanations
‘eventually reguire knowledge of the geoiogic'behavior of the

radiogenic elements, particularly uranium and thorium, which

would form the basis or test of any éxplanation. ;Speér, for

the Liberty Hill, and Becker, for the Winnsboro, report for

"these granites on the location of uranium by fission track

téchniﬁues; They find the majority of the U in accéésory
minetals:. uranothorianite, thorite, allanite; xenotime,

zircon, apatite, and 'epiddte.' Previously identified Th

sites are thorite, uranothorianite, allanite, and xenotime.

The remaining U is associated with alteration features of:

the rocks and microcracks as a result bf absorption or

‘redﬁction of mobile Ufe 4

to immoble vt
oxides and silicates. "Thege  étudies“ demonstrate 'the
theorefical possibility that the more méfic rocks are able
-ﬁo buffer thé oxygen fugaéity andfpfevent uranium losé by
p.reveltjn:i;ng-U“'-P oxidation to hte mo;e'Soluble U+6
fhe qﬁestion rgmains on how efficient this process is and

how much utaniﬁm has migfated out of the system.

Sans, in his discussion of the Woodstock grahite in

- Maryland, shows the feasibility of _ﬁhé Th being largely

_ present in the allanite.

The basis for models, hypotheses, and assumptions

concerning the behavior of radiogenic elements and what lies

 beneath ‘fﬁe Atlantic Coastal Plain requires 'geologic

by oxida:ioh of iron

complexes.
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knpwledge.f These studies continue in sévetal areas of the
southeast. ~ Bobyarchick reports on the setting of the
éprsed Pgtersburg granite of Virginia. This is a large,

4000 km?

B syntectonic granite with a large extension beneath

thg'cpaatalipigin; It is one of the,plutdné which dOe§ not
.folloy.the'linégrkrelationshipvbetweeﬁ héﬁ;’flow and heat
geneigtioh.--BoByatchick finds the granite is bounded by a
mucﬁ_'larger,,number of ductile déformatién zones and
'superimpésed brittle faults than previously supposed.

.Spéer.gﬁd Becker describé the Palmetto pluton, Géorgia,
one pf the bost?metamorphic.plutons wvhich has beéﬁ drilléd
for heat flow determination. They find this westernmost
 p1uton;haS'crystalli?ed.under a higher water pressure than
-fhobe -to the éasﬁ.‘ The heat production of the Palmetto
granite is significantly higher than the enclosing granitic
;_couhtry rock.

Becker tefqtts on.the'petrog:;phy and chémistry-of the.
Cuffytown Cfeek drill hole, SC. ,Sﬁe finds tﬁe rocks similgr
to the surfac¢ rocks whichiﬁere :epor:ed previousiy (ﬁecker,i
VPi&SU45648;3). This hole will be. interesting in terms of
ita heaffflow,in.viéw of its'high average heat prodhction of
12.5 HGU. . '

Hail; in hi§‘effort fo characterize the major element -
chéﬁistries;of the grénites,,discuéses the results from théi
‘Palmett03z Pageland, aﬁd' Siloam granités. - He finds the

granites to have alkaline to calc-alkaline affinities.
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In. a continuing and infeh;ive study of the ‘small

Woodstock granite in Maryland, Sans'réporté_éh thé-éhemistry

and différentiation of thei granite and 'fheir ¢onc§ntric

nafute.» This is discussed in 1ight> of his bré#idusly

reported coqcentric distribution of Th (VPi&SU-5648-3),

Uranium_is'unéortelgted Wiﬁh any chemicai»pa;améte:'ﬁhich ig

attributed to the arbitrary effects of weathering.
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RESEARCH OBJECTIVES

vThe'objéctivé of this research is to develop and apply
targgting procedureé for the evaluation of low-temperature
’ radiogenically-derived geothermal resources in the eastern
United States utilizing geological, geochemical, éna
:geophysical data.
The optimum sites for geothermal development in the
‘tectohiéally—atable Eastern United States will probably‘be
~associated with are;a of relatively high heat flow derived
from crqstal igneous rocks containing‘ relatively high
- concentrations of radiogenic heat-producing elements. The
storage of éommercially—exploitable: geothermal heat at
2’accessib1év depths (1-3 km) will also require favorablé
reservoir conditionms in'rocks overlying a radiogenic heat
souice, In order ‘to systematically locate -these sites; a
methodology- employing geological, - geochemical, and
’geophysical' prospécting techniques is being developed and
applied. The distribution of radiogenic sohrces withinlthe
igneous rocks bf\ various ages “and m#gma types will Dbe
deté;mined by a corre}ation between radioelemeﬁt éomposition
and the bulk ;hemistry of the rock. Surface sampling and
' measurementr_of, the ,rédiogenic heat-producing .elements are
known to be unreliable SS'Chey are preferentially reﬁoved-by
ground-water circulation and weathering. The cofrelgtion
between the bulk chemistry of the rock (which can be

measured reliably from surface samples) and radiogenic heat
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generation is 'being c#librated by detailed studies at a
number §f iocations in the eastern United States.

Initial studies are developing a methodélogy for the
location of radiogenic hedt sources buried~‘beneathv the
insulating sedimentary rocks of the Atlsntic.CoastafiPlaih.
.Chgice‘of a drill éite'in.thé'ltlantic.CoastaI Plain wiﬁh aA
high geothetmal resource potential depends on favorable:

(1) coﬁcéntration‘ of \radibgéhic | elements in

grahitic rocks = beneath a R sedimehtﬁry.
-ingulator;

(2) thermal conductivity of the 'sediﬁehtary

inéulator;

(3) thickness  of the  sédiﬁentary

'insulhtor; and .

(4) reservoir conditions in the

permeable sediméntary rocks

overlying tﬁe radiogenic - heat

‘source. |
Because it is'n6t economiéﬁllyifeasible to éelecf drilling
gites oﬁ the Atlantic Coastal Plain Qithout ééoﬁhysicgl and
_geologicAi models, it is advisab1e to base the”dévelbpmént
of these models on a‘substantial and- accurate d#t#rb;se
 which,canvbe pértially derived from'the'exposéd rockslof,thé
?iedmént.,and enhanced by basemeng ‘studies beneatﬁ the

Atlantic Coastal Plain.
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RECONNAISSANCE GEOLOGIC
SETTING OF THE PETERSBURG GRANITE AND
REGIONAL GEOLOGICJFRAMEWORK FOR THE
PIEDMONT IN SOUTHEASTERN VIRGINIA

Andy R. Bobyarchick
Preface

This article is a revision, with addition of new'data

‘cqlléctéd during August and September, 1978, of a prgvioﬁs

article, "The Petersburg Batholith" (Bobyarchick, 1977,

3Progresé“Réport VPI&SU-5103-4, p. A-26-41).

Abstract

The Petersburg granite §omprises three elongate bodies

in the Piedmont of southeastern Virginia which together

underlie a minimum of 4000_kﬁ“2 of area west of the fall

line. The Petersburg, which occurs in porphyritic, massive
and foliated phases, has at least one foliation, inferred to
be a syntectonic igneous foliation, and was emplaéed in the

~ waning stages of regional ﬁrograde metamorphism. Vxenoliths

of the'granitic and partially migmatitic c0un£ry rocks which

the granite intruded were strongly foliated before the'timev

of emplacement. Metavolcanic rocks correlated with the

eastern Carolina slate belt are, except for possible high
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_grade equivalents fwest of the Petersburg  granite,
allochthonous and bound by ﬁylonite zones or brittle faults.
'Sfructurally lower amphibdlite ’fécieSD gneisses have an
'uncerfain relationship to the slate belt robks.. They could

be as old as 1.0 b.y. or as young as Cambrian.

After emplacement of the Petersburg about 300 m.y. ago, -

a system of late Paleozoic mylonite =zones, includipg the
Hylas zomne, formed in a 10-15 km wide corridor between the
' westernmost and eastefnmost bédies of gfanite. The Triassic
Richmoﬁd basin and apprbximatéli contemporaneous’high grade
britfié faulting weré superimposed on this 'cbrfidor,

primarily 1localizing along mylonite zones. Thus, the

tegionallframework for the southeastern Virginia crystalline

-Piedmont - is one charactétized_ by post-métamorphic ductile.

deformation zones and superposed brittle faults.
Introduction

o "Here the water has washed the granite
bare, and this locality is especially noteworthy.
- One encounters all of the principal constituents
of granite, but not always equally and exactly
mixed. . Here are clumps of pure granular quartz,
there, erratic chunks of beautiful ' and partly
.crystallized feldspar, at another place crude’
masses of finely flaked mica, mainly black--here
~are mica- and quartz, mica and feldspar, feldspar
and-quartz, ‘now by themselves, now all three mixed
together. One .sees ~a hardened dough whose
constituents, when it was still soft and f1u1d
were not properly kneaded together."
: ~-Johann David Schopf (1787)
(written of granite along the

James River in Richmond)

I4
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Watson (1906) descr1bed three phases of gran1t1c rocks

‘vfrom the_ R1chmond Petersburg and Freder1cksburg areas vin
V1rg1nla: (1) 11ght gray, med1um to coarse grained granltee
‘ Wirh phenocrysts ,from' 1 mm to- 5 mm . long (the Richmond-
Petersburg 11ght gray gran1te) (2) a finer grained derk
-eblue gran1te of approxlmately the semea composlrioﬁ r(rhe'
1R1chmond Freder1cksburg dark blue gray gran1te) and‘(ﬁ) in
‘the v1c1n1ty of M1dloth1an, V1rg1n1a, a porphyr1t1c gran1te
:WIth euhedral pota331um feldspar phenocrysts as- much as 5 cm

~long. vWatson (1906, p. 534) assumed the dark"bluevgran1te_

to be younger'thén the light gray phase’becéuee apperent

xenoliths of light gray granlte 1n the dark blue phase were

exposed locally in quarrles in the Richmond area Howeyer,
Bloomer (1939, p. 143) concluded that the blue granite was

essentielly'contemporaneous with the gray granite because of

‘gradational contacts between the two phases, the finer

grained phase representing partially assimilatedgreﬁolitﬁs
ofi gneiss or  schist vfrom the country rocks. i-Blopmer s
interpretation is.eupporred by the present studyr

Grahitic roeks_apparenrly of igneous origin south of

Richmond to the North Carolina state line in the eastern

Piedmont were : shown as "Petersburg granite" on the 1928 -

geologic map of Virginia (Stoee, 1928). Shortly thereafter,

_'JOhQS‘(1932,‘p. 243) referred to undeformed late Paleozoic
‘granite in Virginia soqthwest of Richmond. as "Petersburg

granite." Bioomer (1939, p. 141) specified "Petersburg
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‘granite" ‘ag that granite ekposed in Hanover County,
,Virginid, southﬁ#fd into North Carolina.

Thé purpose of the present study is to describe the
regional 'geologic framework into which Petersburg granite
‘was emplaced and ﬁo outline modifications of_that framework
by.Post-iﬂtrusion»defbrmations. Because field invéstigation
for this study was primarily reconnaissance in nature, a
compréhenéivé detailed analysis is ﬁot provided. The broad
framework that is presented may ‘form a basis for future

detailed studies.

Regiona1>ceology

Precambrian(?) and Paleozoic(?) Rocks

':Few-published-detailed studiés of the eastern Piedmont
of Virginia sodtﬁ of the James River gfe available; Goodwin
(19705,_.Wé§ms‘v(19745; Poland ‘(1976), 1and Bobya;éhick and
Glovgf (in p:ess)-have investigated'meﬁamorphic rock§ near
the 'Jaﬁeé River. ihe 1963 geologic map: of Virginié
(VfrginiavDivision of MinefgllRéséurces) shows metamorphic
-rdcks' enclosing the ~Pe§ér§bﬁrg',granite_ in  three broadly
defined wunits: (1) miég gheis?; (2): ph&llite; and‘,(3)
hbfhblénde gaﬁbro and'gneiss;'_Narrow'belts of metamorphdéed‘

volcanic and sedimentary rocks are indicated  near
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Lawrenceville, Virginia, and along the Brumnswick 'Cdunty-'b

Greensville County boundafy "of the North Carolina state:

line. Parker (1968) published a reconnaissance ‘structure

‘map of the central eastern North Carolina Piedmont.
Country rocks associated with Petersburg granite

~comprise either fault-bounded, greenschist .- facies

metavolcanic rocks or migmatitic layered gneisgs (Figure Al).

‘Non-migmatitic, strongly layered  biotite gneiss,
intercalated with amphibolite, biotite schist and granitic

gneiss is dominant along the James River and . northward. .

Coarse grained, weakly foliated metadiorite crops out near
the Nottoway River, southwest of Petersburg and appears to
be bound by mylonite zones.

Granitic gneiss (grgn). ‘Fine to medium grained,

sﬁrongly foliated, variably layered granitic gneiss forms a
migmatite terrane between the eastern and western bodies of
Petersburg granite; the smaller central body Qf granite is
surrounded by this lithology. Selvages of biotite gneiss
and amphibolite are numerous within the granitic gneiss and
occur  as discontihuous,. irregular masses varying -in sizé
between a few cm and several m. Where unintérrupted:'by

later dike intrusion, the;gneissic’Selvages ‘generally 1lie

concordantly to the foliation in enclosing granitic gneiss. .

Lineated, medium to coarse grained (0.5 mm to 0.8 mm)

biotite-muscovite granitic ~orthogneiss (compositionally

granodioritic with .less 'tﬂaﬁ 10 percent mafics) with

C
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Triassic sedimentary rocks.
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Petorlbur! granite. Mpbu--undifferentiated granite;
Mpbm--medium to coarse grained, weakly or nonfoliated
massive granite; mpbf--moderately to strongly foliated,
medium grained gray {nnitc; Mpbp--coarse grained,
moderately to strongly foliated porphyritic granite.
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oo Metamorphosed sedimentary and volcanic rocks.
Includes: red and F‘un variegated argillite or slate;
greenish gray phyllite; gray to white fine grained
_‘erystal tuff; rhyodacitic epidote-actinolite(?)- =
plagioclase gneiss; graphitic andalusite phyllite
and schist; muscovite schist; biotite-muscovite schist;
chlorite schist and chlorite-amphibole-tale. Eauiva-
lent to eastern Carolina slate belt. ’
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Biotite-muscovite schist and gneiss with local pods
of chlorite schist. Probably equivalent to mv.

Fine Creex Mills Granite (Poland, 1976).

Layered gneiss. lgnl--layered intermediate to mafic
gneiss east of easternmost Petersburg granite and
metamorphic screens within the granite. Dominantly.
m medium grained biotite gneiss with minor amphibolite.
1gn2--garnetiferous muscovite-biotite schist and gneiss
interlayered with coarse amphibole gneiss and amphibolite.

Incl\)nde- Sabot Amphibolite and Maidens Gneiss (Poland,
1976).

Coarse grained metadiorite.

> b—i B' RICHMOND : Fine to medium grained, strongly foliated, variably .
& ‘%‘ QPR ’ m layered migmatitic granitic gneiss. Includes lineated, -
. o medium to coarse grained muscovite-biotite granitic
f orthogneiss at Rawlings, Virginia.
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: {_ Contacts

Geologic contact; dashed where inferred, dotted
where covered, queried where doubtful.

———e?

Phase boundary in Petersburg granite; dotted where
covered, queried where doubtful., . .

PPN

Faults

Shear or shear zone boundary; teeth indicate dip of
- mylonitic foliation, dashed where inferred, dotted
e e oo} where covered, queried where doubtful. Wavy dashes
indicate shear zones. Tick on tooth edge indicates

brittle  fault present.

Brittle fault; dashed where inferred, dotted where
————ur covered, queried where doubtful. U--upthrown side;
D--downthrown side. :
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_n@mefdusﬁthiﬁ ﬁafic schlieren occurs ét kawl@pgs,\Virginia.
 Thev§rtﬁogheisé,’although possessing a Weak'compositional
viayéring ofIIQuartiofeldspathidl and micaceoys bands, is
tekturally and coﬁbositionally hoﬁogeneous When observed in
'iarger _ou#crops, The regiona1  extent df- érthogneiSs iis
. uncertain becahse of its siﬁilarity ‘in saprolitized
éxpgsuregi to 'finé ~grained migmatitic granitic gneiss.
: Therefofe, ﬁhe Rawlings orthogneiss is not maéﬁed sepérateiy
on Figﬁre Al.

Layefed-gneiss'(lgn). Complexly interlayered, strongly

foliéfed gneisses have been broadly grbuped into two layered
gneiss_unitsf .Ldyered gneiss east of the Hylas zone and its
southwestward projection is deaignatéd lgnl while layered
.gneiss,_Weéé éf' this zone 1is lgn2. In general; biotite
,éneisé; én@; miﬁqr‘_amphiboiite are dominant in 1lgnl énd.
ldcallf : occur as interdigitating metaﬁorphic screens
enclosed by.fetersbufg granite. Smaller bodies of this ﬁnit
féléérappeér withiﬁ migmatitic granitic gpéiss:
 A}¢arnetiferous muscovite-biotite ‘schist' interiayered
wifh.‘thin‘.(generﬁlly ‘less than a few m)'bamphibqlite or
aﬁpﬂibolg gneiss 18’ characteristic  of lgn2 south of the
'_Appomattox River. Here, the lgyéfed gneiéé is lbcaily
:infenééiy intruded ’bj toarse grained,"siigﬁtly discordént
fe13i¢ pegma;i:e sﬁarms. Rb;ation,iéf. éngular ‘gneiﬁs
fragménﬁa by_iﬂvadihg pegmatites was observed. It is likely

that the well-known Amelié pegmatites (Pegau, 1932) were
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contemporaneous ' ‘with " ‘these dike'-éwarms; North of the

Aﬁpométtox River, 1gn2 1nc1udes b1ot1te gne1ss and gran1t1c

gneiss, papped by Poland (1976)vas,”respect1ve1y, ‘Maidens
Gneiss and State . Farm Grneiss. 5Tﬁésé.’f6cks ‘are not

volcanic origin occur: in’ three narrow, ginuous beltS‘that

are(bound»bY‘pylﬁﬁitévzbnéé'o: Ufitfle'faﬁitér(figﬁfé’AI);

Although the’berts'afe structurally d1st1nct ‘and reg1onal ‘

the domlnant‘lithologyjis very'f1ne'gralned locally red ‘and

green variegated glate or argillite - at’ low metamorphlc
grade.  Preserved »o;igiﬁal;'1ayérihg,’;wh1ch 's"generally‘

discordant tb thg}‘oidest ‘metamorphic ‘fnl1at1oh;‘ IOCailj

shpwsvweqk_gréding. Easternmost belts of mv rocks conta1u‘

‘slates .aPa phyllites; derived  from  the same or- s1m1lar'

protolith, interlayefed ‘with  fine *graiﬁéd'"éfysthl tuffs,

rhyo@qcitea.'wfth'“euhedrﬁl' qdafti('and"idnédi plégioéldse'

'phenoérysts,”grééustddeé,'VéﬁIoriféffpéhisfﬂfﬁnd ;éhidrité;""

amph1bole talc sch1st

. The belt of nv: rocks east of Lawrencevxlle is domlnated

in itsvcentral region by gpaph1t1c ch1astol1te phylllte gnd'

graphlte bear1n8 ; ‘biotite-aﬁdéiusitéQﬁuscdv{te' - “'schist.

However, f1ne gra1ned felsic tuffs also occur in th1s belt

,1nter1ayered w1th more<abundant muscoVLte'schlst : Coarsé

pyroclastic dep081ts, ‘such_as ‘those descrlbed by Glover and'
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V'Sith (1973) and Wright (1975) .from the _qeste:n).Carolin&.

v e

slate belt, .and those noted by S. .§. Farrar (personal

communication) in the northeastern North Carolina Piedmont -

'were not observed in the mv unit in the present study.

Metaigneous rocks. Two igneous bodies occur in the .

" study area outside the Petersburg granite. The Fine Creek

----------

Mills G;ahitg,(f;m,_?igpna,Al) crops  out in the core of a

reg@ongi,_antiformgl structure.  Poland (1976, p.. 30-36). :
degp?ibe@n;he,petrog;pphy_and'ppyucture.pf‘this-rock,»whicb,

is__a two fqidspar biotite granite. It is apparently .a

intrusion into lgn2 gneisses. .. .. -

Coarse grained (as much as . 0.7 mm), weakly foliated

metamophosed. (original = mineralogy) ... .  allanite-

biqtitgfﬂbo}pp}gnde?)quinqpy:oxene—plagioclase., (An34,‘;tos;

Ana

ooooo

near. the ‘soqtheas;qrn boundary of the study area"(FigurgJ”

Al). The present mineralogy of  this, rock . is, pyrite-=..

titanitefquartz-epidqte-chlorite—piotiterho;nblenQe-
clinopyroxene-plagioclase. with minor accessory apatite.
Crystal forms of plagioclase Iappear,.to~:have' been little

affected by regional metamorphism. Pyroxene now occurs as

turbid, skeletal relicts in hornblende grains, which 16¢4l12=4

retain pyroxene shapes. However, many pyroxene grains

appqqt _relatively unaltered wvhere they are surrounded. by

,,,,,,

‘plagioclase and/or quartz. Grain boundaries of the original ..

g?,;di°¥ite,.(md) .crops out west , of DeWitt. and extends

o
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igneous Trock -aré very ‘straight 'whefeés_‘tﬁdse .aﬁpareﬁtlj
prodiced .during metamorphism, eﬁpébiaITy in_ﬁornbléhdé,'aféq

irrégular.

.......

’Tertestrial‘blastié'sgdfmedtbry“rbéks*anddcoal‘dfﬂUppék'
Triassic age (Roberts, ‘1928, p: 137-139) occur in’ fault or

...........

nonCohformable“cOntict'witﬁ'éuuntry rockhfbt'the”?etérsbufg'
granité'(Figure Al). These rocks; which form the Richmond

.....

subarkose’ and hematitic mudstone ‘with’ IédséEA'ampﬁhtb"of
coal, ‘and’ fanglomerate as marginal facies. ~The Feather edge '

........
........

>°f‘1:he-aCbh?td[-‘Plafﬁ'foverlap‘*iﬁ,'thié' study area 'is
characterized by a thinm Veneér‘éf.gehé%hlli'ﬁncbhséiidafed”'
hematitic clay and afehjté; gnd ‘locally in upland areas by

quarti‘:cobblé‘-alluvidi Adépoéffsl’: Quéternafy°'ailu§iéiu“

sediments occur ‘extensively in ‘lowland creeks and along

major rivétsi'thébé'ﬁave"bééﬁ omitted from Figure Al

- The Petersburg Granite

‘‘‘‘‘
.........

General f"f;" A

"~ Petéersburg’ granite " crops out in  three ‘elongate,

northerly-trending bodies in the study area (Figﬁfé'uAi)i'
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Together, .granite ‘undetrlies a’minimum of 4000 km °2 ‘of area

vin. the Virginia .Piedmont-iwest .of the fall line.- Three.

amappabie phases recognized iﬁMthe‘éaStern Petersburg -pluton
ware.shown‘on Figure ‘Al -+ Generally, all'phasesfare'mOdélly
granites .so that the: phase designations' are basedfdn»grgin
‘gize ' and -texture. ' Except. for coarse grained ‘porphyritic
miérocline granite,. . which ' contains: euhadfal‘*micfdglihe
phenocrystss.«all' rocké “are  ‘hypidiomorphic ‘granular ‘to
'arlottioﬁorphic«granular’and?massivelf Some‘foiiﬁte»ﬁhdsek
show incipiént; compositional layering - and ‘shape oriented

-fabrics .defined by quartz and soﬁpjfeld&pafs.';Thé“priﬁary

mineralogy .‘comprises " ‘quartz,  plagioclase, microcline  -and

less. than -about .five percent green-brown biotite’ with-minor

-amounts of. muscovite, allanite: and- titanite. Fbliated'and

porthritic=phases are predominant in the granite. "~ Massive,

heakly»yOr‘-nonfoliatéd“‘granite.uand‘.aplitef'dikeSf»a¢é 

relatively minor constituents. : - St

o h R o T

Igneous: Phases

Hassive-vphase- (Mpbm) . - Thé_ madsive'iphaée “of"che

 Petersburg’ granite is a medium to coarse grained, weakly- or
nonfoliated, massive pink ‘biotite with grain sizes of 5 mm

to l.cm. 'Potassium feldspar is microclinefor-mitTOperthifié

micrbcliné. -This phase contains schlieren :a few ‘em . lomg

'formed*by‘biotite-aggrega;eé; e8pecia11y in marginal: zénes

close to country rocks.
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Porphyritic. phase..(Mpbp);,~:CoatSeg~to very . .coarse

.gr;inéd,f~1cca11y strongly ' lineated;. moderately foliated
Lpbfphyrixic mictocline'granite;crqps;ouu'in,a northwest to

‘southeast trending belt along the medial. part of the.eastern

Petersburg body and in nbrthwor nbrthcast trending belts "in

‘the . central .and wvestern -bodies. - This - phase .contains

guhedralgmiciOCIine phenocrysts .as much_as‘3 cm long.. - Most

.exposures of porphyritic .granite have a . stromgly lineatd
fabric defined by orientation of _long .axes- of .tabular

microcline phenocrysts. -

Foliated Phase - (Mpbf).. Fine to?mediungrained biotite

_granitet(CI'= S-IS‘percent)viSzthe Jeastfdistinct_ahd'mOSt

variﬁb16~phase ofgtheaPetersburgrgranite;~somervhrietiesxmay

be  granodiorite. VWeakw.COmposi;idnéL1 layering, defined

mainly by segregation of mafic.and felsic minerals;. is. best

expressed at the marginal zones of the granite where this

phaée "is- present. The foliated Qphaée »of ‘the Petersburg

‘granite is‘distinguiéhed:by aiways_having a moderately to

strongly developed foliation in fine to medium. grained,

froughlyreqﬁigranular granité.'

‘The rnélationship of the th:ge‘_dgminaht~;pﬁases of

Petersburg gfanité in this paper to..those of Watsona(19061

- and Bldomerm (1939) is unce:téin- because ‘- these - earlier
‘wbrke;sfcon;entrgtedfpn.qmatry:localities, several of which
FLyere_not ekamined.far,thisrstﬁdy;‘ However;fit is probable

‘;hat~the'f91iated phase (Pgf) is,equijalent~;o;"dark}b1ué
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granité““bécéuse of a\relativeIY-greatervmafic ééﬁtent%§n€~’
finextd'medium grain size. - "Light gray granitéﬁ'probably’
refers to the massive phase (Pgm), .which is ‘usually pink -
updn"wéatheting. POrthritié “phases appear.*identiéal.g:
Trehds'6f‘the3¢hasevboundaries»are generally discordant to. -
.the‘elbﬁgate“shape of Petersburg granite bodieS'éxcepfvfor‘

the smaller central body. Because of poor exposhfé' and -

locally widely-spaced observation stations, these boundaries

must be considered approximate, but within the eastérn body"

they consistently form northwest-trending zones. A similar

consistency 'is maintained by northeast-trending boundaries

in -the western body. The porphyritic and  foliated' phases
gemerélly"lié in parallel 'belts and do not clearly show .

reldtive *‘intrusive ‘relationships.  They are considered

approximately contemporaneous. = Aplites clearly intrude

porphyritic: and ”foliatéd, phases ‘as planar, nonfoliated -

dikes;"iThé massive, weakly or nonfoliated phase of

'Petersburg'gtanite is of uncertain relationship to the other

phasés;'-.
Metamorphism L

Only one regional prograde ﬁetamorphish has' been

interpreted to affect rocks in the lgn2 unit along the James

River ‘(Bobyarchick and Glover, in‘preés), although~récént%

Rb/Sr ‘isotope studies of the State Farm Gneiss (Glover ‘and-

C
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others;‘1§78)-mayqindieateﬁatuleéstjspme of‘the;gocksgwgge
me;aﬁofphosedf;:preyioﬁ&iy.ﬂ“;ﬁRétrogrﬁﬂc ;amexémorphism. .was
contemparﬂheoﬁs.;withJﬂduCtileﬁﬁshearing ;tﬁroﬁghopt: ﬁylohite-
zones in .the stﬁdy“ aréa:;aﬁd post-dated: regional prograde
metamorphismﬁ}}Ingaddiﬁiqn, dur1ng Tr;asslc time: fracturing -
ﬁnda, faulgingq,mét ¥depth¢ gfacxlltated;‘ zeollte facles;r
metamorphigm. . - . iy |
Rggipnal Me;ahorphisml(nl)_z
A;Alld,countrye}roéké-‘plder. than the Petersburg granxte:-
haVe beenugubjec;ed?;o,geéiqna};metamorpp;sm ranging f:pm.
lower  greenschist Afacies~,t0«ratj:keaét,;Lowgr ,amphibqgitq
fécies;F<Descriptivg mine;¢quy dfggngisséé,alqng};he;Jamesu
River:is1given;by¢Polandf(1976)mand;quy&xchick_(1&76)w ‘In,_

~ general, metamorphle grade 1ncreases from east -to west ‘along.

the.James River;: kyanlte occurs ,in pe11t1c sch;sts Just west»'

:of‘;thé'gRichmqu,_Bag;n;‘whllgm]rqcks gofﬂ;s;m;}arg;bu;k
cémpoSitibn'near Tﬁorndliff, Vi;ginia, bontaiﬂ si11imaniteL,
(Poland, 1976){' Unfoftunatgly, most‘lithologies in the grgn
and lngl units~in the Peﬁgrsbdﬁg.border zones qré not of
apﬁropriate,cbmposition for;formation‘qf‘metamorphic index
miﬁéralsg;» ,;;;n;-nw;;}, |

.ﬁjnecénseéuamg;avolcanig' pq9k§  cdn fhe *;mV;y;uﬂiFu;u4?¢ u
a11§¢hthouggé,in¢pd;t-meﬁgméiphic béits;viﬁ;iqadifficult,:o'

relatelthqir'prqsqntAmigergLogy to5M1_The;e does .appear to
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‘be "an .east to west increase from belt to belt, however,
i??nging‘from;WeakIy metamorphosed slate in the eastern belt

to graphitic andalusite—muscoyité.schiqttinuthe,Westernmost

belt. . It is .not clear. wvhether andalusite in these schists

_is regionally significant»or,whe;her it is relaﬁed to pre-
faulting contact metamorphism. A progression"withiﬁ the
vestern beit from phyllites to schists, and.eventuéllyﬂto
biotite~-muscovite schist with thin (less than‘ls ‘cﬁ)

concordant . felsit segregations . of metamorphic  origin is

indicativé of prograde metamorphism within the belt.

i

Quartzites interlayered with biotite-muscovite schist. in

mv(?) rocks west of the Petersburg granite contain kyanite.
Here, much: of .the kyanite: is fibrous in hand specimen . and
the mineral may have replaced sillimanite.

o

.Retrogra&é»Metamorphism.(uz)

Syntectonic recrystallization localized in ductile or

‘semiductile shear zones. occurred as . a result . of
‘m71onitization‘ .. post-dating - regional . metamorphism.
(Bobyarchick and Glover, in press). Recrystgllizatiqn,

ﬁherev it has been observed in‘,émphibolite fecies .rocks,
froducéd characteristic greenschisﬁ. facies mine;ais
‘including - .chlorité, whifeA mica, epidote, ‘and sodig
plagioclaSe. Therefore, thé metamdrphism was tgtrogréssive

in relation to regional metamorphism in the lgn units and

C
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the grgn uﬁit; waeve:g mylonite'zonés other!thgn'the H&ias
zone (iob}archick'and Gloverﬁ7in’pres§);:espeCiaIIy'those
bohuding; low 'g:ade' mv - rocks, have- not been examined in
detail pétt&graphicallyZ5'WhetherfrecfyStalliZatiOn occurred

in these rocks is at present uncertain. -~

Zéolite’Mefamorphfsm (Mé)'

Zeoiites trare” wideqpreadfi throughout the ’rPiedmont
(Privetﬁ,"L1974). In -all quarry "sites- in the Péterkﬁurg
granite investigated for this report zeolites were found in
fracturé zones and as’%racture*%urfaqe watings.wflnfmére
intensely deformed atreas, zeolites have been ‘observed in*the
groundmass of country rocks and locally replace plagioclase.
Laumontite,'cohfirmed optically andvby.x-ray'diffractométry,
is the onply Zebli:e identified so far in' fracture -zones 'in
the Hylasizonévand is usually accompanied by calcite, Qﬁartz
#ndfpyrite. '

‘Brittle fraéthres‘thét‘éreatedfthe’zeplite environment
afe;cdncenfrated‘atonnd the margins of “the Richmond -Basin
and éxfehd"ﬁottﬁ” and'”south. from the basin genéfally as

superposed- deformation on older mylonite zones.  *
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Structure

A discussion of the detailed structprepofxtpe,eggtern

Piedmont . of Virginia. is 1beyqnd';thewuscopé,.o£; this‘~§éper.

Bbbya;chickband,Gqugr (in}prgsg);apd;Polﬁnd,(1976);p§e§en§
thinggggufor rbpks along,the_lgmeﬁvR;ver{in the northern
pat;V‘of ‘the ,present study area. vﬁowever, ~the general
structural framework developed,by»nobyafchick‘ang,glover (in
pfessl_cap;be,gpplied tentatively to the terranénsoutb:of
;pg;James,Riverﬂbecause bbn:inui;y'of s;ruc;urai elements
hggfibeepm;espgpliphed -by- reqonnaissance.amafpingﬁ,«_This

framework is reviewed below.
Review.of Regional Ductile Deformations

Two periods of ductiie deformation, D, and . D,, -were
approximately coeval with regional metamorphism ‘in rocks
which reached greenschist or amphibolite facies.  §1,_the
principal deformational event, resulted in a pervasive

sphig;bsi;y in the 1lgn units ,and grgn unit and phyllitic

lamination or slaty cleavage in the mv unitzﬂ(si); _In
qptqgogswyhgre original sedimentary or igmeous Layering,sssy

was . preserved, S generally transects. § at a. moderate
VEE L EEERE SR | : b { €

angle. .. Although regional  bulk -compositiopal ;, layering

app%érsl parallel  to Sl’ most mesoscopic compositional

layering -in gneissic rocks, SO’ is probably of metamorphic

g T
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origin, because there appears to have a progressive
segregation of mafic and felsic minerals parallel to 8,
during metamorphism.

“,“82; a{ndﬁ-pérvasive‘cleaVagé formed during D,, is of

‘slightly different character in the mv ‘unit ‘than in higher
grade rocks. Microstructures indicate that in amphibolite

“fadies rocks, -~ D, was ° aéhbhpadiéd by a ‘subtle

2
recrystaliiiatidn“and'reorientatioh'Of'biOtite_folia'(82)
axial.’Pléhaf’Vto Fé folds. Brittle deformation, such as
bending or kinking, 1is absent ‘in the  micas. Weil
eqﬁilibrated grain boundaries‘andleck‘df dbiquitohs strain
suggest fhe'thermal episode maintainéd”d fairly consistent

temperature throughout D2 However, S2 occurs as either a

simple rock cleavage :(in slates and some phyllites) or a

locally strong crenulation of Sl, with incipient chlorite

recrystallization along the crenulations, in the mv unit.

GraﬁitecFéliation

uFoIiainns in’ theﬂ;Petgfsbufg” grahité: afé' complex in
Originl;'Ihetfbliabioﬂ; Sg;,is”defihed.by §1éﬁar'orientq}iéﬁ
df“tabulafamic%ocline'phehbcrysts,’biotite»folia“anﬁ”éhépé
orientétioﬁ of quar££, ‘ RéCrystéliization and deformation
effects aféfbest'demonstrated by quartz. ‘Moét”gtains‘havé
ﬁﬁdulafdr§ vextinction and éhdﬁ eariy stages Of”vsubgrain
develdﬁﬁent'vafyingvfrom'VeryldifoSe,;shadowypboundaries to

shafply defined but irregular boundaries. Some _quartz
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aggregafes. have - straight or smoothly - curved grain
boundariés; although individual grains show some sdbgrain
development. Here, the 1lower éngrgy (smoothly curved )

boundaries might be of igneous origin.  Deformation of

' quartz appears most intemse in porphyritic granite phases.

However, microscopically and mesoscopically in some coarser

phases of Petersburg granite mica grains show a poorly
develbped ;parallel orientation and probably more  closely

resemble an igneous texture.

Post-metamorphic Deformations

Paleozoic post-metamorphic ductile deformation was most
intense in mylonite zomes such as the = Hylas zone
(Bobyarchick and Glover, in press). 'Several shear zones

south . of the James River are considered contemporaneous. with

‘the Hylas zone because of their-relation with the fegionalr

structure.

© This peribd of localized shearing is D3fMyioﬁites and
ultramylonites formed in the shear zones by semiductile

deformation - and contemporaneous .retrograde metamorphism.

.Microcline, garnet, and”-plagiociase reacted to stress by

brittle fracture and dislocation. However, quartz and most

mafic minerals (hornblende, biotite, allanite) were altered

‘and recfystallized to a fine matrix of chlorite, -epidote,

magnetite, titanite, and quartz. The foliation thus formed

is §_ (Bobyarchick and Glover, in press).
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vDsbwas.;pparently;the last compreasionéludeformation;in

Vthéfstudy area.: Appnoximately_zzovmiy;qagorfraCtgring_and

high-"ahgléa;faultiﬁg were - superimposed on the crystalline
roékéy(D‘)w(Bobyarchick,_1976;g§.'£8),a Faulting occurred

in areas of,priorfweakngss: al)~a10ngﬁpqstmetamorphic’shedr

7 zohes, _aﬂd»:2) 'IOCallyf'along >margins;<bf~"ther.Pétersbﬁrg

pluton. ‘Silicified"breccia. or microbreccia - define -these

lateffaults; It was- also ﬁt~thiswtime’th§£;differehtial
subsidence initiated terrestrial ‘sedimentation to. form the
Richmond-Taylorsville basin, which contains late Triassic

sedimentary rocks.
Emplacement iof the Petersburg Granite.

.+ Mapping in. the cohtact{zoneé andwbordef;facies-of the
Petersburg»graniﬁevrevéaied ﬁhaﬁﬁinﬁrusion;pf_the graniﬁe,
whichf4a¢hievéd!abatholithic;Amroportioﬂs;  post4dat¢d.;D1
Xenoliths; ranging in size from rafgs severgl m: long to
mafic‘ﬁelkagésw9afaféw*;ém»_long,‘igeneréliy. exhibit pre-
iﬁclusion7metamdfphicAfoliations.':Largef;tabularsxenolithg,

pnrticular1y~whererenclosed-by stt9ng1y'foliated'potphyritic

- granite, ‘now lie concordant to. the -granite foliation and

vere locallwaragmented intotplateSmteparatedpby%grani:e{

These ;xenb1itha;;may’zbe_*eurrounded- by fine grained felsic

'alterationyrimds’a few mm wide. In migmatitic rocks around

the granite,'sl,was«plastically.deformed by flow folding and
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high‘temperature shears. Apophyses of granite occupy core -

zones of folds contemporaneous with intrusion that are
defined by deformation of So and §, Where amphibolite facies
gneiss or schist was intruded by granite, the country rock

was thoroughly recrystallized as evidenced by common optical

orientaton of some mineral aggregates, such as hornblende,’

and straight grain boundaries not common to similar rocks
away from the contact.

Final emplacement of the Petersburg granite and

_fdfmafion of Sg were approximately. contemporaneous with D2

and probably occurred during the waning stages of ‘Hl The

granite int;udéd a gneiss terrane that had already developed

»af? least one well defined metamorphic foliation.. The

éionééte shape‘of Petersburg granite bodiés in cdhfbrﬁity to
fhe‘genéral trend of foliations in the ﬁigmatité térrane,
ﬁhere'Z, has probably been reofiented during intfugion;'and
Ehé ftectonic-igneous naiurek of ASg supporf a Synteéfonic
eﬁplacémentr of the granite. Conversely, pre4éxiéting

orientation of 5,

and orientation of Petersburg granite.

The relationship between Petersbufg”granité and focks
in the mv unit is obscured by fault =zones. Blue-green

aﬁéhibole and andalusite that occur locally in mv rocks have

" no strongly preferred linear orientations but their long

cryétéllographic axes lie within foliation planes. Unlike

hofnfgls produced by post-metamorphic granite intrusion into

may have partially influenced the shaﬁe
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'Carol1na .slate belt rocks, nv 'rocks,_possess ,moderate to

strong fol1at10nsn
;Kegionsl Frsmework

IKStrat1graphy in the nv un1t 1s s1m11ar'to sequences 1n:
the eastern Carollna slate belt (Cohee,:1962) ss descr1bed
by Parker (1963 1968) and Wllson ‘and Carpenter (1975) but
‘d1ffer1ng in the relatxve proportlons of rock types present.
vF1ne gralned ash and 1nter1ayered tufts probably‘representl'
dlstal fac1es -1n s pr1mar11y volcanlc »terrane" Although
.Sunde11us (1970) 1nd1cated the Carol1na slate belt ends near
Petersburg s V1rg1n1a, the present paper extends slate belt
:lxthologles (es far north as central Chesterfleld County
‘Glover and S1nha (1973 p. 243) -showed Vthat the ‘sge_ of
volcanlcb rocks in ’theﬁ western Carolins' slate belt near_
‘Roxboro,.North Carol1na;‘probably ranges from about 740 m.y.

to about’575 m. y.,‘th1s range agrees w1th~pluton;snkln the~
Vﬁarea (Fullagar,‘ 1971) Glover (1974) suggested‘,that‘jthe
1slste belt volcanxcs as young as 520 m y in-central North :
'sCarollna sreh unconformable on vthe older~'sequence »neef
Roxboron_VMcConnell (1974) conflrmed the younger l1m1t of
pvolcanlc;ty at about 520 m. y ago. Correlat1on of volcan1c
:rocks in the study area to dated rocks 1n North Car011na 1s

?dszlcult because of the lack of mapplng ;ntervenrng7

~ areas.
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Amphibolite f@cies rocks in the lgn and grgn. pnitg,
which are considered part of the Raleigh belt (séelclévgf
and‘sinha, 1973) in Virginig, can not be clearly corrglagedv
with slate bélt rocks. Biotite-muscovite schist gnd;gnéigi
in the mv (?) unit west of Léwren;gville (Figu%e Al) are.
similar in‘buik composition ;oilowe;(grade roékq:in*th§ gv‘
unit eas; qf Lawrenceville. These rocks occur as iffegulgr,
but'apparently confo;mablg, masses wi:hin locgl}y’pigﬁgtific
g;aﬁitic gneiss. A similarvrelationship was found by S. ST
Farrar (personal communication) in the southern cohfipugtibn
ofk;his_gerrane in northern North Carolina. fatraf (1977,
progress report to D.O.E., V.P.1.&5.U.-5648-1, p. A-29)
found ;hat, the Raleigh belt-eastern Carolina‘ s1ate‘ bg}t:
t;ansi;iqn around _the southern end of ;hé :301esvil1e
batholith is a metamorphic grade ch#nge. Tobisgh and Glover
(1969) freported that the weététd_ Carolina slgté' belt -
Charlgtte belt boundary is also a metamorphic isograd.

Layered gneisses in the 'lgn 2 unit, which iﬁcludes i?;
thi§ féport all gngisges northwest of the Hylas z@pe) gfgfof'
pﬁcgr;gin ‘relationship to ,gneisses around ﬁhe ééte{sburg
granite. At the southwest corner of the Richmond‘bgéin,'§~
magnetic lineament is coincidént with the boundary between
lgn 2 gneisses aqd migmatitic granitic gneiss. ‘At.‘Deep
Rivgr in the Wellville quadraqgle, coarse g;gigfd, strongly
foliaﬁgd 'am§hibo1e gneiss and ahphibolite] lie Aaiqng: @hé!

lineament. The lineament is'consider#bly subdued where it
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intersects 78° Iohgitudevbuf southwestward prbjectidn‘of it

across a gneiss terrane of relatively low magnetic relief

‘iﬁdicéte&‘a‘pbééiﬁlé‘iﬁterééction'ﬁith the eastern edge of

the western Carolina slate belt. Casadevall (1977), based
oh”an‘éeromégnetic'liheémént, has extended the Nutbush Creek

fault on the eastern edge of the western slate belt to the

'Falls, Virginia, near the northern terminus of the western

-

Carolina slate belt (Virginia Division of Mineral Resources,
1963).  Mapping qu the "present study did not reveal

mylonites along the magnetic lineament between the Hylas

‘zone and the Nutbush Creek fault. Iﬂsteéd,‘this"lineéﬁknih

is presently interpreted to result from the compositional

,difference'betwgen ign 2 gneisses and migmatitic granitic

gneiss. If migmatization forming the grgn rocks and
pgnéffatibn‘bfvlgn 2 rdéké by'félsic;pégmatites ate:part of
the ‘?ame ﬁroceés"inifiaﬁedi by emplacement of Petersbufg"
granite or - even an eaflietv higE 'grade event, the linear
mignétiéj‘anomalj.‘ﬁrdduced” at the gfgn*ign 2 boundary may
théﬁ‘bé cﬁnéideféd metamorphié infofiéin;‘

- Glover and others (1978) rggdrfed'é 1 b.y. Rb/Sr age
for én"iénebﬁé bhaseiofathé Sfaté Farﬁtcnéiss;'which occurs
across ﬁﬁe'J&meé'River from the Fine Creek Hilié‘c;éhifé:ih
hn>£ﬁtiforﬁai:étructureEid_lgh 2tr0ck5 (Figure A1). (State
Ferm Gneiss is not shown on Figure Al). ‘They éuggééfea iﬂat

aﬁbhibdlite and métagraywébke ¢bnfo:mably overlie State Farm

»Ghéiésﬁin this region; that granitic gneisses, especially
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those uith nigmatrte textures,“south of the R1chmond basrn
‘may be correlatrve to State Farm Gnelss' and that Carollna
slate belt rocks (my unltkﬂinv thls psper)‘ unconfornebly
over11e‘ these gne1sses Clearly, thrs, correlat1on js
’acceptable should the_{ hutbush Creek fault, or,v_the
NEe o Gt ceas i 5 e
geophysxcal 11neament that rs known to def1ne a mylonlte
’zone on the ‘esstern ‘margrniVof the Hwestern ’slate be}t,
project ’not northeastward rntoA the | ylas zone but!Anore
‘northerly '£6~ c01nc1de w1th a ‘remarkably ‘11near ‘esstern
boundary on a large granlte gne1ss complex asbshoun‘on the
geolog1c’ map of V1rg1n1a (V1rg1nla D1v1s1on of M1nera1
:Resources, 1963) The relat1onsh1p, then,‘between nv (?)
‘rocks"ano.“structurally 1ower gran1t1c ‘8“3135, VQSt“.°f
strenceyérie _»becomes‘b‘problematlc,: for | noji‘ohvrous
:unconfornable contact 1s‘present “ - | -
Intruslon of the Petersburg granrte about 330 n y sgo
V(Wr1ght and others, ;19?5) was probably ‘partriofv a 1erge
magmat1c episode‘in what is now southeastern V1ré1n1a and
knortheastern North Carollna , The' Rolesv111e; bathollth
(Parker, 1968 1977‘ Wilson and Carpenter, 1975” Becker and
rFarrar, ‘ 1977, Progress"v report tor E.R.D. A
V.P. I &S8.0. -5103f$, P- A-53f%7) shares sinirsr‘{tentural
variations, composition, and relationships.totcountry rocks

with Petersburg granite. Although the age of the main part

of the Rolesville is uncertain, the Castalia pluton on the

northeast side of the batholith is about 320 m.y. old
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(Jnlian, 1972)i“ -3ecause there“is' a p0381b1e oorreletion

“between pert of the State Farm Gnelss and gran1t1c gnelss
:around the Petersburg, it cannot be - discounted that an
earlier high grade, migmatitic terrane was 1ntruded by

‘grenite, thereby,: producing ‘polymetamorphosed gnelsses.

Hoﬁever, the early prograde metamorphlsm must have occurred

1prior to’ dep031t1on of slate belt rocks because these

volcanic rocks have only endured.'one regional prograde

‘metamorphism.

t“Nonfoiiated eplite dikes »end felsic pegmetites

\d1scordant1y 1ntrud1ng both Petersburg granlte and country

rocka are thought to represent term1na1 1gneous act1v1ty

associated with emplacement -of the Petersburg. granite.

-detailed mapning along the James River (Kobyerchick;‘19i6;

‘Polend,_19i6; Bonrian&; 19?6)‘and isotope data of Fnllager

(1971) on the bolumbia granite'that regional‘ﬁetamorphism in

‘the eastern V1rg1n1a Piedmont took place about 340 m.y. ago.

Geochronology and structural data, therefore, 1nd1cate that

'the Petersburg granlte ‘was emplaced w1th1n the latter phases
of Ml. 'Reietive quiescence reigned until the vicious

onslaught of mylonitization in late Paleozoic time:

" Bobyarchick and Glover (in press) tentativelyhconeloded from
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Mylonites and Brittle Faults

" A complex system of mylonite =zones has resulted inv

locally profound modification of geologic relationships in
the study area, particularly within a 10-15 Km wide corrider

- south of the Richmond basin along the margin of the eastern

body of Petersburg graniteA(Figufe Al). These shear zones

may be regarded as part of the Eastern Piedmont fault system

Y(Hqtcher and others, 1977)? which extends along'the eastern

edge of the Piedmont from Virginia to Alabama. All
ﬁyloni;éd in the study area #re interpreted to have been
formed in late Paleozoi; time, priﬁcipally post—dating Ml;
Detailéd studies of the Hylas zone (Bobyarchick, 1976
Bobyarchick and Glover, in press) indicate that ductile
défofmgtipn in 'D3 "was contemporaneous with retrograde
metamorphism Qi:hin amphibolite faciés rocks. Because
Petersburg granite was mylénitized by some shear zones,
deformation must have occurred #fter about' 330 m.y. Lago.
Brittle faulting 1locally superimposed on ‘mylonites was
prqf;bly initiatgd about 220 m;y.‘ ago (Bobyarchick and -
Glover, in press). Therefote, D3_occurred in the‘33Q - 220

m,y., range. Some mylonite zones in the Eastern Piedmont

fault system are older than this range. The Goldvﬂill fault

'in South Carolina is intruded by the Catawbe gfanite,'dated

at about 330 m.y. old (Butler and Fullagar, 1977).
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Motion along mylonite systems in southeastern Virginia

is unéertain. Low to moderate dips of mylonite foliations

are present in the Hylas zone. Motion along mylonite

'systems  in  southeastern ' Virginia ~ 1is  uncertain.

(Bobyarchick, 1976), suggesting possible thrust movement.

Hoﬁé?ér, “cataclastic £hfu§f: féulté‘qaﬁd:jfolalng';of 28; in

latter phases 6f¢D3 have been documented in the Hylas zone

(Bobyarchick and Glover, in press) and folding of mylomite

zones south of Richméond is possible from their map patterns

B (nguré‘ Al).  Dpip symbsis on myldﬁité;‘hbnek boundaries,

therefore, reflect only the present mylonite foliation dips
and do not necessarily indicate relative plate motion.

‘tAlthough metavolcanic rocke in the mv unit are shear

" bound and allochthonous té'étructurally'ldwer; hféhéf”gfade

’vgnéiséeé, anyﬁposthlatédxfféméwbrk mﬁst'éxplainléﬁpéféntiy

conformable relationships between the two terranes south of
the Rolesville batholith, and possible similar relationships

between mv (?) rocks and grgn rocks west of Lawrenceville.

/‘?rincipal%thfustfmovemént,'vifh presumed wéétwa?d:vergénce;
may not be associated with large 7mégnitﬁ&é”'&isp15ceﬁént

‘because bodies of Petersburg granite occur on eithér side of

‘the ' shear 'zone corridor. An alternate proposal  for

displacement is oblique or transverse 'mét{oﬁfﬂ6f7 small

-ﬁéénitﬁdeiT ff‘éhéaring_here'éécémpénied Syyféldinglﬁiéhin

nonmylonitic pﬁrts df'mv‘bélts, stéépliydippingzsl and Sc

foliations could be explained without invoking intense post-
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mylonitization folding necessary to produce Sc patterns iﬁ
the mv belt. |

| Regardless of displacémen;‘direﬁtions aiong.thevshear
zones, the present study atea lies.approximatelyvalong the
axﬂs "of the Virginia - promoantory (William§,  i978), a
southeastward convexity in the Appalachian or&gen. ‘ This
axis ‘is aﬁproximately coincident - with 'tﬁe junction.a;one
between tﬁe *éentral and southern Appalachians . and is

chafactérized in. the Appalachian foreland by “northerly

structural trends north of the junction, on the dextral arm

of the promontory, and more northeasterly structural trends
on the sinistral arm of the promontory (Virginia Division of

Mineral Resources, 1963; Williams, 1978). This gedméﬁty is

'partially mirrored in structural trends in the eastern

Piedmont of Virginia and North Carolina (Virginia Division
of Mineral Resources, 1963; Stuckey, 1958). Stubbs‘(1977)
concluded from analyses of late discfolds in the Millboro
Formation that the,varcuéte- geometry of the junction. zone
resulted not: from §istortion of an early struttur51 trend by
superposed flexure pf the orogen but from concurrent
movement of. material out of the junction. Thus, strain

systems of probable 1late .Palebzoic age = affected the

. Appalachians from the eastern Piedmont to at least the

Aeastérn edge of the foreland. Thevpnsitidn,othhe present

study area, close to the axis of the'Virginia,promontory_and

. within the zone of intense deformation, may have been
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f@épénsiﬁle quT;HE:complex*pdst—metamofphié shear‘éyateﬁs
imposéd.uponAiﬁ. . | |

' ~M:,'Bfi;tle:adéforﬁﬁtioh;f e!seﬁtiaily7~high 'an§1e  f#ulting
:ﬁndi:frhbtufing;}fhaszﬂbeen:»ihiermitténtly. aqtivé’ in - tHe
QPiedﬁbﬁtiffomlthé{EﬁrijTria#éic‘fofat‘léaét the Paledcéﬁe.
| Bobyarchi€§ Jand~ Gio@ér:*(ihkipreSS),fﬁetérminéd-.that -lﬁﬁe
‘Paleozoic mylonites~ih fhé’Hytés4zoﬁeﬁwefe»lociffor Mesozoic
deformétion,s initiated -about - 220 m.y;;lﬁago. A similar
‘telatidnsﬁip applies to several mylonite zones infﬁhe study

area. " ' oo Sl

Summgty/?~ ) SO R

wTﬁg "Petersburg ;grgnite_'was 'synteétohicglly‘*emplaeed
‘into a gneissic terrane ab 'young as Cambrian andI?bssthY*és
‘old as 1 b.y. It is inferred tofhaieabéen-émplabed?in the
‘waning étégeé of regional metamorphism’ :LThé“Jrelationéhip
‘between focks ‘of the ‘eastern’ Carclina ' slate belt and
structurally lower gheissee*is=obscute3-bylmyléhiﬁefzones
and brittle Wfiulté”ftanging"froﬁ 'thésv1ate *Béleﬁzoic’gtb' at
‘lea&tréarlnyesozoics:”Thus} the origiﬁal?intrﬁsivé;cOnfédts
‘0f .the Petersburg granite iare 'preserved- Only'“aldﬁngthév
"Vesterq “margin’ of ”thé‘Jﬁestern fbody§Jrérouhd }thé‘»smaller
fénffal_bodyyzand*baftigllyvarbdn&fmétamotphic ‘§creens near

the James ‘River.
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The fundamental Strueturel ¥ramework of the Piedmont in

'southeastern V1rg1nla is strongly 1nf1uenced by the presence

] . LT

of numerous mylon1te zones, whose magn1tude and vergence are

uncertain. '

!
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DESCRIPTION OF THE PALMETTO PLUTON, GEORGIA

J. Alexander Speer and Susan W. Becker

The _Palmetto‘,pluton, located in Fulton, Coweta and-
Fayette Counties, Georgia, is pfobably the westernmost of
U S.A. It 1s one of several post-metamorphxc plutons in the

‘vicinity of Atlanta (F1gure A-2)

......

N

found ~to be parts of the- .8ame pluton The uother nearby.
granltxc bodles‘gpg_the Ben Hill, Stoue Mountain,'and Panola
plutons;

Previous Work

roks from the Palmetto pluton were first aescribed ﬁy
Wﬁtson‘A(i9bé);f-§hor‘gav&‘léetfogf#bhiﬁ‘ déscriptioﬁs, Afiéld
occurrences, and chemical analyses from several localities.
Watson pointed out the similarity betﬁeen the "porphyritic
granite- of Campbell (now Fulton), Coweta, and AFéyette
countiesf'(hizg.q the Palﬁgtto) andrﬁhat are now called ‘the
Li1é§§€i1; aha M;{;ﬁqd;ng‘plutons, ﬁ;'c; lChémiéai ;ﬁaiyges
giveh by‘wétson for tﬁeAPalmetto granite ;Eé*listed with
shmplg localities in Table A-1.

Mapping of the entire pluton' was completed for the

Geqldgid Map: of Georgia (1976). Pfeviously, only the
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Figu_te"A-i"" " 'Location ‘map of the .post-metamorphic
+v,... ;.gramite plutons .in the vicinity of Atlanta, .
: Georgla from the Georg:.a ~State Geologzc Map
‘. (1976). .. ... : : . :
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Table A-1l

Analyses for the Palmetto granite,
Georgia, from the literature.

1 2 3 4
Usio,  63.65 " 64.40 70.88 . 70.39 "
Tio . o . ' 0.37
a1,8, 20.46  18.97 . 15.86 S 14.95

Fe203 2.20 0.37 1.77 |

Febd > s | : 2.33

MnO | S 0.08
" ca0 3.38 0.59 1.79 1.46
" Mgo 1.50  tr © 0.93 . 0.91
‘Ne,0 .75 3.60 3.94 3,81
X,6 4.58 11.40 - “4.64 4.83

P 0 ’ : 0.18

1gn§t1on 0.42 0.19 0.49 ‘

total 100.94 99.52 100.30 ' 99.31

‘=='='='='='="='='='===-=='===ai=:’w::z:‘si:‘:“:'z::-:::::g::xﬁsz:::::zgzﬁ::g,::z:::

'1—-Fresh gran1te, McCollum quarry-(loation B7-428), Cowefa'

Station, Coweta Co. (Watson, 1902).

>'2--K feldspar meégacryst from the same locaity (Watson, 1902).
~3--Fresh granite, McElwaney place, Fayette Co. (1 mile :

‘north of AS8-314 on east - s1de of L1ne Creek) (Wataon,
1902). :

 4=-CB7- -5, Tyrone quarry.
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- northern margin had been mapped by Higgins (1966, f968) in

his study'bf'the Brevard fault zone. 'Higgiﬁs descriptioné

of the "Palmetto granité" are actually of };he _Bgn‘IHiil

pluton. A K-Ar biotite date for the graniteAinAthe,Tytﬁhe

quarryvhasvbeen reported by Kulp and Eckelmanh.(l961) and
vrecalculated by Tilton (1965) -as 286 .m.y; The coarse-

graihgd potphyritic biotite'gr#nites of Georgia ﬁavé been
previouély grouﬁed as the Pélmetto¥type granite by Crickmay

(1951) and the Ben Hill-type by Cofer (1958).

Palmetto Granite

‘General,Relatiqné

The: Palmetto gtanite"-has & crescentic outcrop,
elongated northwest-southeasc,'of 140 km2 area. Only one
rock t&pe was encountered and with slight variation is a

porphyritic, cééréeégrained biotite granite. The country

rock which the Palmetto'>intrudes.'is largely " granitic

v.gneisses5with abundant amphibolite on the southern border.

[3

The Pélmetto grahite intrudes the Brevard zone and is

'invoIVed in some deformation asg discussed later. The map

A distribution'of the granite and the’lp@ations of the samples

collected for chemistry and heat production are illustrated

in Figure A-3 ..
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Lttt ETTO ' ®  THE INNER PIEDMONT ROCKS
" INNER PIEDMONT ®pMi  DRILL HOLE
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Figure A-3. Geologic map of the Palmetto pluton, Fulton, Coweta,

and Fayette counties, Georgia.
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Petrography-

The Palmétto Eluton consists of a goarse-grained,
hypidiomorphi;;inequigranﬁlar, biotite-feldspar-quartz roékir
containing megacrysts of alkali feldspar, 2-8 cm long. The
percentage of feldspar megacrysts varies, but remains
generaily over 20%. The rock has a very coarse-grained
appearance, but the 'average grain size of 'the matrix
minerals is 4 mm or less.

| Modal analyses on slabs of Palmétto ‘granite‘ (Figure
A~4a) | |
show the rock 1is a monzogranite to granodiorite

according to the IUGS = plutonic rock nomenclature

'(Streckeisen,"1976). Thie is the wmost plagioclase rich of

the coarse-grained ‘grénites of the southeast U.S.A. The

color index &ayies between 2 and 13 (Figure A-4b) and

- reflects the varied color index evident in outcrop.

Tabular, subhedral to euhedral, pink to white alkali

feldspar is the most conspicuous mineral because of its

~large size (1-8 cm). The alkali feldspar is microcline

micro~- and: mgcrdperthite exhibiting both primary growth
twins, latgelyr Carlsbad twins, and albite and pericline

inyeréion “twins. Thé alkali feldspar 1is pgikilitic with

“oriented inclusions of plagioclase, quartz and biotite,

which are commonly confined to zones. A textural zoning is

also defined by differing amounts of perthite. Watson
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Qz

Palmetto, Ga

]
* %

syenogranite | granadiorite

20

quartz syenite | quartz monzonite

/7 ] I NN

Ksp 10 35 5 %0  Pp¢

Figure A-4a. ‘Triangular diagram of model volume
B percent of alkali feldspar (Ksp), plagioclase
(Pc), and quartz (Qz) for samples from the
Palmetto granite. The fields are from
Streckeisen (1976). :
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40

Figure A-4b. Triangular diagram of model volume

- percent of total feldspar, lor index (C.I.),
and quartz (Qz) for samples from the Palmetto
~granite. ' '
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(1902) has fpund the bulk compositibn of an‘élkali feldspar
" megacryst to be Or . An,,An, (Table A-1). The'subhedral to
-anhedral plagioclase grains are smaller thén. the alkali
feldspar, less than 1 c¢m, and are white. Opeical
compositional déterminationé by the_gi'normal metﬁod.(Smifh,
1974) show the plagioclase ié oligoclase having Lroad,
ndrmal oscillatory zoning of An29 to An20 Most héve sharp,
discontinuous rims of albite, wusually associated with
myremékite. Biotite is the ‘major ferro-magnesian mafic
ﬁiﬁeral. It is pleochroic dark browwn to tan and occurs as
#nhedral,_shredded flakes.

2riﬁ;ry accegsory minerals include ailanite, titanite,
'apatite; zircon, a rhombohedral ~oxide now exsolved to
ilmenite + hematite, and chalcopyrite. The titanite and the
large, zoned allanites with wide epidote rims afé the
characteristic accessories similar to those in other late
Paleozoic plutdns in the soutﬁeast. Late—stagé .magmatic
minerals include fairly common muscovite, albite, epidote,
and titanite. ~Deuteric stage minerals are hematite,
muscovite, chlorite, zoisite, and calcite. |

A well-developed igneous flow foliation, definédrby the
alignment of 'fhe tabular -alkali .feldspar megacrysts and
'xenpliths, pafalléls the crescentic outline of the Palmetto

pluton (Figure A-3). The attitudes of the foliation suggest

the pluton dips to the northeast.
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Contact Metamorphic»Effects

The Palmetto granlte intrudes reg1onally metamorphosed
rocks whlch are above a s1111man1te isograd in a kyan1te-
81111man1te metamorphxsm (Smith et al., 1968). In a study

40Ar/ incremental—rélease ages, Dailﬁeyer‘ (1978)

Sfr
con?luded that the regional metamorph1sm occurred about 365
m.y. ago .and that the country rocks had cooled below argon
rétentxon tempera;ures of 300-345°C prior to the emplacement
of fhe Lgte Paleozoic _piutons. The _regioﬁal ‘metémorphi?
miﬁetal-assemblages of thercountry rocks encountgred in this
study for the granitic gﬁeisses are;
biotite +'muscqvite‘+ epido;e 4+ garnet
+ K'feldépar + oligoclaéé + quartz

for thé metébasités:
green hornblende + plagioclase + epidote + biptite_f'quartz

vgarﬁet + green hofnbiehde + efidote + bibtife ‘

o + plagloclase + quartz

Tﬁe metabas1te xenol;ths have quite a huﬁber of

d1ffering m1nera1 assembiagés, -reflgcting ‘differences ‘in
rock.compo§1t1on and céntaﬁt‘metaﬁoiphic‘?onditions.- The

assemblages are:

cpx + opx + brn hbl + bt + pc + qz
'cpx + brn hbl + pc + qz |
gar + cpx + grn hbl + ep + pc

cumm + brn hbl + An + bt + qz

70
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cumm + grn hbl + An60 + bt + qz

gar + cumm + bt + pc ‘+qz

The coexisting cummingtonite and brown hornblende have

iﬁtermediate .Fe-Mg compositions (Table A-2). These
assemblagesf-are characteristic of the hornblende- and
pyroxene-hornfels facies and differ markedly from those
observed and reported for the regional metamorphism.

‘The metamorphic mineral assemblages of the pelitic
xenolith§ are:

gar + sil + bt + ms + Ksp + An3o + qz

(1)
gar + bt + ms + An10‘+ qz ‘ |
(2)
staur + gar + sil + bt + An6 + qz
- (3)

The garnet and biotite of assemblage 1 (B7407B and PM1-509)

are more magnesian than those of assemblage 2 (AS7f267)

(Table A-3 and A-4).

These two assemblages lie either on the continuous reaction

ms + gar + bt + sgil + qz
(1)
or
bt + sil + qz + gar + Ksp

- (2)

~depending on whether the decomposition of muscovite + quartz:

to sillimanite + K feldspar has occurred or not. In the

&
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Teble. A-2
 Amphibo1é analyses‘from-Palmetto hornfelses.

AS8-~314D, green . AS8-314D, colorless

sio. . .-~ L 4404 53.80
Al 33 S © 15.36 ' 2.75
Febd ° 17.15 23.30
Ti0, "0.70 0.15
‘MnoO o 0.11 0.28
Ca0 - - 9.80 0.91
MgO 9.61 16.55
Na. 0 1.33 0.16
K25 0.36 0.03
B20 2.05 2.06
éum ' 100,54 » 100,01

Numﬁer of cations based on 24(0,0H)

5i .y R 6.448 7.820

. 1.552 | 0.180

8.000 | 8.000

a1Vl : 1.097 0.291

i . . - 0.078 | 0.016

" Fe ' | 2.100 2.832

Mg ' - 2.098 ' 3.586
‘Mn | ~ o0.0l4  0.035

| 5387 §.760

Na - 0.379 ©0.046

Ca ' 1.538 0.142

k. 0.068 0.006

1985 0.19%

)
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Table A-3
Biotite analyses from Palmetto hornfelses.

I 2 i 332 32 2 F 2 3 X X 2 X F 3 22 2 2 2 232 222 2 23 2 F 23 2 X E T R R X E 2 S S FF XK 2

AS7-267 AS8-314A AS8-314D B7407B PM1-509

§io 35.72 37.90 38.36 36.44 ~ 35.90

s1,6, 19.86 18.85 17.72 20.24 19.58
Fed 23.10 14.73 16.63 17.99 18.16
Ti0, 2.75 1.81 2.30 2.86 2.48
Mno? 0.05 0.11 0.06 0.13 0.03
Ca0 0.05 0.06 0.10 0.04 0.07
MgO 6.47 13.38 12.99 9.51 10.75
Na,0 0.10 0.45 0.28 0.12  0.30
-x28 9.17 8.33 8.45 9.50 9.23
B30 3.97 4.09 4.10 4.04 4.02
sum - 101.27 99.71 101.00 100.87 100.52

'Number of cations based on 24(0,0H)

Sy 5.392 5.558 5.603 5.398 5.350
Al 2.608 2.442 2.397 2.602 2.650

8,000 §.000 §.000 8.000 8,000
a1Vl 0.925 0.815 0.653 0.931 0.788
Ti 0.313 0.200 0.253 0.318 0.278
Fe 2.917 1.806 2.032 2.228 2.263
Mn 0.007 0.014 0.007 0.017 0.004
Mg 1.457 2.925 2.828 2.100 2.388

57619 5.759 5,774 5.59% 5.720
Ca 0.009 0.009 . 0.016 0.006 ©0.011
Na 0.031 0.128 0.081 0.034 0.087
K 1.766 1.558 1.1574 1.796  1.754

1.805" 1.695 : 1.671 1.836 1.851
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Garnet’ahalyses from Palmetto hornfelses.

AS7-26

7 AS7-314A

B7

4078

PM1-509

- sio,  36.85

36.98

0.8

_ 38.14 38.16
A1,8, 21.84 21.54 21.12 21.79
Febd 37.60 28.58 31.40 34.70
Ti0, 0.14 0.09 0.22 0.18
MnO 0.94 5.13 5.11 1.86
Ca0 1.01 0.27 1.12 1.45
MgO 2.67 5.51 3.39 3.67
Na,0 0.02 10.00 0.02 0.01
&,6 0.01 0.01 0.01 0.04
sum 101.07 99.31 100.45 100.68
Number of cations based on.12 oxygens
si 2,951 3.025 3.031 2.950
Ti - 0.009 0.005 0.013 0.011
Al 0.040 0.000 1 0.000 0.039
3,000 3.031 3,045 3.000
Al 2.020 2.014 1.982 2.010
Fe 2.518 1.896 2.092 2.315
Mg 0.319 0.652 0.402 0.436
Mn 0.064 0.345 0.345 0.126
Ca 0.086 0.023 0.096 0.124
 Na . 0.003 0.001 0.003 0.002
K © 0.001 0.002 0.001 0.004
7,990 7.918 72.938, 3.007
Al 84.3 65.0 71.3 77.1
Py 10.7 22.4 13.7 14.5
Sp 2.1 11.8 11.7 4.2
er 2.9 3.3 4.1
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third pelitic assemblage (AS7-314A), garnet appear§ from
textural evidence to be growing at the expense of
staurolite. This assemblage indicates conditions at the
discontinuous reaction:
ms +vstaur * gar + sil + bt
S (3)
or below it on the continuous reaction:
staur + qz *+ gar + sil + ﬁ20.
The mineral assemblageé of the metapélite‘xenoli;hs do

not differ from what would be anticipated in inner Piedmont

.rocks which are above the sillimanite isograd. 1Im order to
" use them to deduce P-T conditions of the Palmetto granite,

- the assumption would have to be made that Ehey

reequilibrated while they were xenoliths. This is probably
@ good assmption considering their small size. Richardson
(1968)_found.reaction 2 to occur above 3.5 kb over a small
témperature range near 680°C for the iron end-members
buffered by quartz-fayalite-magnetite. The temperéture and
ﬁressﬁre would increase at highér oxygen fugacities and with
§ubstitﬁtion of magnesium for iron. 'In contrast, other
compohents such as csalcium and manganese would expand thé
garnet field. The occurrence of muscovite, which has not
decomposedvto form an aluminum silicate, in xenoliths of a
granitic melt similarly indicates a minimum éressure df 3.5
kb. The occurrence of almandine~rich garnet rafher than

cordierite in the silliménite—bearing assemblages of the
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xenoliths suggests a miniﬁum pressure of 4 kb (Lee and
Holdaway, 1977). The only upper pressure estimate presently
available is the 7;9' kb regional metamorphic pressure
estimate of Dallmeyer (1978).

As in the cése»-‘ofv ‘the Siloam pluton (Speer,
VPI&SU-5648~-1), the highef pressure garnet + sillimanite
assemblage rather than . the lower-pressure cordierite
assemblages indicates a greater total or water pressure of
crystallization of the Palmetto than the Winnsbofo, Liberty

Hill, Pageland anq'Li1e5vi11e plutons.
Palmetto Granite in the Brevard zone

At the nothern contact of the Palmé;to pluton, the
granite qrcsscuts “the fhyllonites,' blastomylonites, and
mylonite gneisses of the»BréV&rd zone at small angles. 1In
this aréa, the Palmetto granite exhibitS'a wide variety of
textures, ”frém‘/foéks showing . only ‘incipient deformation
through mylonite gﬁeiss to blastomylonite. .An outstanding
feature of the Palmetto granite is th? crystalloblasfic
texture séen in thin"section.  The minetaioéy‘ of the
dgfbrméd ‘rocks is identical to that of the undeformed
granite;~  The ' similarity ip _mineralogy  and.  the
récrystallized texture suggest that tﬁe granite was deformed
and récrystallized while the rocks were at elevated

temperature and that no subsequent movement involving the
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Palmetto granite occurred Aalong the Brevard zone. The

intensity of deformation of the Palmetto granite does not

vary systematically with distance from ,the Brevard zone, but

the intensity of deformation can change within a small area,
suggesting that zones of most intense deformation are fairly

narrow and occur throughout a broad region.
Heat Generation

The Palmetto granite is emplaced in granite ana
grano&iofité gneisses, migmatites, and amphibolites;
Becadse of‘ their predominantly granitic compoéitibn, the
country rocks may have heat productions approaching those of
the post-metamorphic granites. This feature could.make the
thermal anomaly associated with the granite pluton :larger
than the granite outcrop itself. For this reason, a ﬁuhber
of country rock granite gneisses were collected for heat
production. Their locations are indicated in Figure A-3 and
their heat productions are listed with those from the
Palmetto granite in Table A-s. The results show a shéfp
break ‘between the Palmetto granite with heat productions
between 6.8 and 13.7 HGVU and the country rock-with less

than 2.9 HGVU.

C
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"TABLE A-5

U, Th, K contents and heat production for the
Palmetto pluton, GA and adjacent country rock.

v TH - K
PPM ppu WT % HGVU
CB7-5 9.6 41.2 3.8 ©13.7
SB7-427 2.7 32.9 3.8 7.9
SB7~-428 3.2 32.9 3.7 8.1
SB7-448 3.3 30.8 3.8 7.9
AS7-264 6.7 27.3 3.6 9.3
AS7-326 UNAVAILABLE
AS7-328 UNAVAILABLE :
AS8-303 5.0 42.4 3.5 10.7
AS8-314 6.8 ~ 38.9 3.7 11.3
AS8-324 3.0 29.0 3.7 7.4
ADJACENT GRANITIC COUNTRY ROCKS
CB7-4A _ 2.2 4.1 3.1 2.7
CB7-4B » 2.1 6.7 . 1.9 2.9
AS7-275 :
AS7-289
AS7-290 UNAVAILABLE
AS7-295 IR
- AS7-308 , _
AS8-323 1.0 8.0 2.0 2.4
SB8-460 0.5 2.9 0.8 0.9
SB8-468 S 0.7 4.2 1.7 1.4
SB8- 476 . 3.9 8.0 4.6 4,17
PALMETTO DRILL HOLE, PM1 :
PM1-28(92) 3.2 27.0 3.3 7.1
PM1-39(128) 3.0 25.1. 3.5 6.8
PM1-50(164) 2.8 26.6 3.4 . 6.9
PM1-61(201) 2.9 28.4 3.6 7.3
PM1-77(253)*% 7.0 55.3 2.6 13.9
PM1-86(282) 3.2 24.4 2.8 6.7
PM1-93(305) 3.0 "34.9 3.3 8.5
PM1-141(463) 3.7 26.2 . 3.1 7.4
PM1-165(541) 3.3 25.1 3.5 7.0
PM1-175(574) 2.9 26.3 3.2 6.9
PM1-187(613) 3.1 31:9 3.4 7.8
3.1 30.2 3.8 7.8

PM1-196(643)

*GRANITE AND XENOLITH
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Palmetto Drill Hole

A hole 211 m (692 ft) was drilled in the southcentral
pdftion of Palmetto gfanite (Pﬁl, Figure A-5).

Core recovered from this hole consiscs mainly ‘of
moderately foliated, coarse-grained grahite with C.I._ 10.
The rock is hypidiomorphic with large, euhedral crystals of
élkali feldspar (to 4 cm) and smaller grains of quartz and
lplagioclase (to 1 cm) enclosed in a medium- to fine-grained
matrix of feldspar, quartz,"biotite, titanite, and opaque .
minerals. The granite remains wuniform 1in texturé and
mineralogy throughout the core. |

Nﬁmerous mafic xenoliths, varying in length frdm a few
centimeters to 9 meters, were encountered in the hole.
These rocks are composed of biotite with lesser amounts of
quartz and feldspar. The assemblabe gar + sil + bt + ms +
An30 + qz was found in the xenolith at 154-163 m. Pegmatite
veins, varjing in width from 1-30 cm, containAquartz, alkali
feldspar, plagioclase, biotite and muscovite. They are
logated throughout the core,v and are commonly associated
with the mafic xenoliths.

The gamma log of fMllaccurately reflects the rock typés
encountered in the core. Zones of relatively low counts
Qbrrespond to the locations of xénoliths, and hnomalously

high peaks correlate with pegmatite veins. The granite
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Figure A-5. Lithologic log of drill hole PMl, with
corresponding alteration and gamma  ray -
spectrometer log. Radioactivity measurements
increase to the right.
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produces a nearly uniform count rate throughout the hole, as

would be expected from the homogeneity of the rock.




PAGE A-59

References -

Crickmaf,vc; W., 1951, Geology of the crystalline rocks of
Georgia, Georgia Geol. Survey, Bull. 58.

'Cofgr, H. E., 1958, Structural relations of the granites and
the Associated Rocks 6f South Fulton Co., Ga.
unpuﬁlished Ph.D. diéseftation, Univ. of Illinois, 139

P
Dallmeyer, R. D., 1928, 40Ar/39Ar incremental release ages
~of hornblende and biotite across the Georgia Inner
Piedmont: their bearing on Late Paleozoic - Early
Mesozoic tectonothermal history. Am. Jour. Séi 278,
124-149. |

Higgins,'M. W., 1966, The Geology OfAthe B:evard_Lineagent
near Atlanta,.Georgia, Georgié Géol; Survey, Buil. 77,
49 p. | A

Higgins, M. W., 1968, Geologicvmap of thé Brevard fault zone

| ‘héar-Atlanta, Georgia, U.S. Geolr‘Survey ﬁisc. Geol.
In;. Hap'l-Sii.
Kulp,“J. L..and F. D. Eckelmann, 1961, Potassium~argon ages
| of micas from the southern Appalachians: Annals of the
‘NeQ York Acad. Sci. 91, 408-416. |
Lee, MT'L. and M. J. Holdaway,‘1977, Significance of Fe-Mg
 cordierite sﬁqbilif& relations  on temperature,
presﬁure, and watef'pressurevin cordierite granulites.
| Am. Ceophys. "Union Monograph 20, The Egrth°s Crust,

79-94.




 PAGE A-60

_Richardsdn, S. W., 1968, Staurolite stability in a~par£ of

] bthe system Fe-Al-Si-0-H., J. Petrolil 2,-467-488.'

;Smith; J. V., 1974, 'Feldéﬁar Minerals, Vol. 1, Spfinger— l

| .Yerlaé, 627»p. | V o

‘ Sﬁith, J. W., J. M. waﬁpler,'and M. A. creén, 1569, Istogic_
dgting. and metamorphic isogfads of the‘ érystailine
foéks of‘ Georgia;‘ Georgia Dept."Mines, Mihiﬁg, and
Geology Bull. 80, 121-139.

streékeisen, A., 1976, To each plgtonic rock its proper'
name. EarthScience Reviews 12, 1-33.

'filfon, G. R., 1965; ‘Compilation of Phanefozoic
geochronological data for eastern North . America ig
Geochronology of ﬁorth America, National Academy of
'Scieﬁces - National Research'Council Publication 1276,
217-218.

Watson, T. L., 1902, The granites and gneisses of Georgia,

Georgia Geol. Survey Bull. 9- A, 637 p.




PAGE A-61

Fission Track'Stddies of the Liberty Hill Pluton (I)
'ahd'Comments on U4Th—Pb:Disedui1ibrium Studies
of the Liberty Hill Pluton

J. Alexander Speer

" Because of the importance of uranium as a radiogenic

»héat-producing'eléﬁént'and'ips possibly mobile behavior,

khbwlgdge pf"its.'distributioﬁ and.]hdét' mineralogy will
proyide élues‘and»cbnstraints on its behavipr in rocks. Two
fiséiﬁn tfack-mapé ofiLibeffyjﬂill'pIQton thin seqtioﬁs have
beeﬁ' reééived  thué 'far.‘ Oﬁe s fpé' a coarée-grained:
graﬁife, KZ-S,(HGVU‘=‘5.15; c§ntaining quartz, K,feldsﬁar,v
plagioclase Aﬁzﬁ;lé’ biotit¢; and _ﬁmpﬁibole;  Accessory
miherals'éfe zirébn,"titanité, ﬁllanite;:aﬁétite, magnetite

ilmghité, ﬁyrite, and pyrrhotite. The."secondary minerals

‘include epidote, chlb:ite;' calcite, and white mica. The

» qthgr'fiSSion'track sample is a fine-grainéd gtanite,‘sﬁ—loo'

(HGVUl‘ 9.2),.whi£h contains quartz, vaéldspar, plagioclase
An27_i0, biotite. *Accesspty hineralsjare,allahite;‘zircon,

v5pa;ite,  fluorite, ~magne£ite,‘fiimehite,l and chalcopyrite.

Secondéry minerals are chlori;é, white mica, and epidote.

Cémpérison'bf'the corresﬁonding fission track maps and.

“thin aéc:ions-vfor thé"fine~grainéa and  coarse-grained
,grani;eé"‘shqw ‘the uranium ‘distribution to be quite -

- . 'heterogeneous. Qualitative estimates of the number :of_
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fission tracks is proportional to uranium content and would

indicate that most of the wuranium is located in the

accessory minerals: titanite, allanite and zircon. Lesser
amounts of uranium are observed in apatite and epiddte;
Vatiable but small numbers of tracks are associated with
alteration features in the rocks: amphibole or Biotite

alteration to chlorite, feldspars that have ‘undergone

saussuritization or alteration to clay minerals, 'and Fe-

bearing minerals éltering to Fe oxides and hydfokides;

Uranium along cracks and grain boundaries is very rare in

the coarse -grained granite and is located near phases
containing high amounts of uranium. Uranium along cracks

and grain boundaries in the fine-grained granite is more

~common but still represents a small percentage of the

uranium present. Figures A-6 to A-8 are photohicrographs
of corresponding thin sections and fission: track maps
showing several types of uranium distribution in the Liberty

Hill pluton.

No fission tracks were found to be associated with-

trains of fluid inclusions in the granites. These fluid

inclusions are believed to represent early microcracks which

have since healed. This suggests either that uranium was
not an important component in these earlier microcracks or
that it is incapable of being retained at these siteé during

recrystallization.




.'Figure A-b .
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Photomicrographs (a) and fission track maps (b) of mafic
clots in the coafse-grained granite K2-5. High uranium
minerals are allanite (al), zircon (Zr){‘titanité (Tn)

and apatite (ap). The few, dispersed-fission tracks are

those associated with ﬁltering Fe-bearing minerals and

fei&spgrs.
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‘_Phétomicrographs (a) and fission étack'maps‘(b) of uranium

8

Figure A-

occurrihg along grain boundaries in the coarse-grained

, (2.

$6100

granite, K2-5, (1) and fine-grained granite,
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Qualitative estimates would assign at least 90% of the

‘uranivm in the Liberty Hill pluton to the accessory

‘minerals: titanite, allanite, zircon, apatite, and epidote.

Previously identified uranium sites are in uranothorianite,

.xenotime, and thorite. The remaining uranium occurs with

altered minerals and along microcracks. The amount of
uranium not associated with accessory minerals is smaller in
the coafse—gfained than the fine-grained granites. The

essential question is whether (1) this observed uranium

distribution represents all of the wuranium originally

present with a small amount of migration or (2) the uranium
in the accessory minerals is only the immoble (unleachable)
uranium and the mobile (labile) uranium has migrated away

except for an amount trapped locally in chemical sinks. And

if the latter is the case, how much of the labile uranium

has migrated out of the system and how much of it remains
traéped in the chemical sinks.

The ready mobility of uranium results from the,‘fact
that uranium may be oxidized to,the‘Qery soluble ufanyl»ion;

+ + N
The U 4 to U 6 transition occurs at much greater oxygen

fugacities than the magnetite to hematite transition. The

occurrence of magnetite in the-Libefty Hill suggests that

conditions to oxidize the uranium have not been common or of

long duration in the rocks. In addition, the presence of

magnetite‘as.vell as ferrous silicates suggests that the

rocks are capable of buffer the‘oxygen fugacity and prevent
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uranium»rleaching; "fhe‘ oreservaton :of eaelly ieachable
uranothor1an1te and presence of urantum in close proximity
to 1ron-bear1ng m1neral phases 1nd1cates such 'buffering
occutred and not a11 1ab11e uranlum has been removed from
the rocks.- | | |
CGrain boundar1es, halba arOund;ferroua:minerala,ﬂand
altered m1nerals are sttes whicn'aet aa chemicailainka,in;

the _rocks., These‘,sitesvlare more dispersed and more

| ‘ 'availaole'in tne finejgrained-granitelthan in theieoarse;
grained granite.,‘ The greater .amount of uranium in. these'
sites may - 111ustrate more effectxve buffer1ng of the flne—
gra1ned granlte prevent1ng uranlum leach1ng | Thls more‘
effectlve preventlon of uranxum leachlng also would provxde
“an explanatlon of the greater uran1um content of the fine-
gralned gran1te (s6~ 100 5 7 pme) than the coarse- gralnedez
granite.(K2-S 3 1 ppmU).. |

The above .d1scuaslonv.showa'fthat there is immoble
urantom' in..tﬁe "rock gin ~aecessory ‘minerala"‘and_ labiie
uranium, aome_of nnicn,lbnt not all, hasﬂmigratedvfrom‘itsk
Driginal‘eite. *These’stnd{es} however,'eannot?be uSed to
determine”if s1gn1f1cant amounts of uranlum have mlgrated -

out of the system;. Lack of Iarge amounts of 1ab11e uranlum
is not 1nformat1ve'. posxtve' ev1dence' is requ1red" o f
demonstrate it existed and'that. the_rocksf or1g1na11y had :

? ' ' higher .uranium contenta' U~ Th -Pb d1seq0111b1‘1um ,St“dleatn

I \o/ would prov1de ‘the only ev1dence of s1gn1f1cant uran1um loss
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. as well as'its timing Based on pre11m1nary d1sequ111br1um

studiee, Slnha and Merz (VPI&SU 5648 3) concluded that theV

-1Li5erty H111,p1uton_suffered uranium loss nearly 230 m.y.
'dagodiaqd has. acted as a closed system 'since that time.
Hooever, as pointed out by sinha'and'Merz, several features
.of' their experiment make this less fhan a compelling
deohciusion and obscure the meaniog‘of the data.

The leed isotopic compoéition’of K feldspare is taken
fto”give'a'cloee approximation of the initial lead isotope

;atioe of the_rock because of thevhigh Pb/U ratios in the

feldsparx Ludwig'kand_ Silverf (1977) have‘_shown :that

.mu1t1component lead is common  in Precambr1an feldspars with

206

some_ feldspars ‘having an added Pb component Nresultlng'

from the. long term_:diffusioo of 222k from 2380. This

‘phenomenon alone would give the appearance of uranium loss

if the K feldspars were used for the initial lead isotope
composition. This may also aecount for the variation in the

206 Pb/204

Pb ratios of leads in microcline from a granite in
‘the Granlte Mountains of 14.3 to 19.8 reported by Stuckless
'and Nkomo (1978). Such a variation for the K feldspars in

the Liberty Hill pluton, if used for initial lead isotopic

'compositions, could easily give the appearance of open

system behavior of uranium even if it were immoble. In
addition, considering the number of multistage subsolidus
reequilibrations which occur in the K feldspars, which have

an ‘unknown effect on the lead component, using a single K

-




PAGE A-69

.feiaspar fof fhé.iﬁifigl 1ead'cdm§psi£idn‘is difficﬁlthto
 'justify.  | | o
The‘éaméiQSifrom thg;iiberty.ﬁili~dri11.hoie used ‘in
'thé' disequilibfium”};tﬁdies' reprgsenf two distinct rock
typgs:. fiﬁe-grained,  biotite  gréﬁite (72 and12924)' énd'
cbarse4grained,vcémphibdié-bioti;gz g:anite‘:(384g‘v790,_ and
>l304).‘ The 230 m.j, i?oéhrdn is d§figed by Qalueé ;f‘3
closélyvciustered cbar§é g:aﬁit§s,'a fine4gf§ined grhﬂite}
and a K'feldsﬁar f:§m~é céarﬁe-grainéd granite. Wﬁiié it is
'believedvthat tﬁe'coérée;grained and finé—gréine& gfanites
represent the.evoidtibn.of a.?ingle batch of;mhém#, it”i;
not firmly. eétablishe@..t.That ‘they. both haﬁg' thég‘samg ‘:
'initiél leéd isotoﬁic‘ra:iog-needs‘to‘be_dgmonsttatedaf;ﬁﬁer o

than assumed.
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FISSION TRACK STUDY OF THE WIN-1 DRILL HOLE

S. W. Becker

Four samples from the WIN-1 drill hole (location
shown.in Figure A-2, VPI&SU-5103-4) have been.prepared
for fission track anaiysis at the U. S. Geological
Survey 1in Denver. These samples were chosen to help

ascertain whether the distribution of uranium.in a

~granitic rock <changes with differences in depth.

Concentrations of uranium and thorium and values of
heat production for these samples (reported on p. C-12,
VPI&SU-5103-4) are listeé in Table A-6. Uranium levels
are somewhat higher in WIN 1-1865 and WIN 1-290 than in
WIN 1-80 and WIN 1-1779.

All four rocks are. biotite granite, 'with iron-
titanium oxides and allanite as the .common ac?essory

phases. Chlorite, epidote, muscovite, and calcite

"constitute the secondary minerals.

In all samples, the highest numbers and densities

of fission tracks are produced by allanite. Opaque

_minerals'also are associated with high concentrations
 of fission tracks. In WIN 1-80, the éample nearest the
. top of the <core, fission tracks were also found
~associated with secondary chlorite. The chlorite Lis

commonly intergrown with iron-titanium oxides, and the

oxides a:é associated with higher densities of fission
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Table A-6. U, Th, and heat production ?alues‘of samples

(depth, feet)
WIN 1-80
WIN 1-290
WIN 1-1779

WIN 1-1865

for fission

" track analysis.

U(ppm) Th(ppm) HGVU(cal/cm3-sec)

6.4 32.8 : 10.4
8.1 31.4 11.3
6.5 32.4 10.4
9.3 49.0 15.1
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tracks against'a_background:of lowér denaity of fission
traéks ptoduced byithe chlqrite. In dge area of the
sample,rfiséioh'trSCks delineate the cracks in large
qﬁartz‘ grainé.rk‘Fission‘ tf;cks wvere aiso found 1in
cracks radiating-.from  a fevr'a}%anifég‘grains; cfacks
surroﬁnding othgr éli#hife grainé weré devoid of tracks
(Figure A-9, a, b). | |

vIn>WIN‘1—290, fission tracks were concentrated on
allanite énd opaque grains- (Figure A-ib, a,b); no
fission tra?ksv‘ were found in cracks or grain
:boundaries.

Fission ﬁfacks in WIN 1-1779 weré also produced:
mostly by allanite grains and opgqﬁe minerals. Tracks
appear in small numbers élong_some g:ain:boundaries.

In Wiﬁ 1-1865, ‘tracks ére proégégglby allanite,
'fopadues, and chlorite. :Tfacks, wérééﬁ;;t found along

cracks or grainquundariésgr
E The fission ’ttacks ghow» thaf in all samples,
‘ﬁ?anium is highiy concen;rﬁted in ‘the accessory
éllanite;‘aﬁd to a lesser eitén:'with‘the‘iroq-tifanium
 oxides. Seqpﬁda;y éhi&rité can pohtain low.lévels of
uraniuﬁ.’ In two sampleé, a sﬁall émbunt of uranium
oeéurs locélly a;ong gracks or grain boundaries.

It isiﬁifficﬁlt’to determine from theée samples
whefhér any.uranium haébbeen lésf fro@ the rocks. -In

WIN 1;80_ and WIN"‘1-1779; uranium is located 'locally‘
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Figure A-Q . (A) WN1-80. Photomicrograph of allanite grain and iron-

titanium oxide; (B) correspanding fission track map.
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_Figure A-I0. WN1-290. (A) Allanite grain; (B) correqunding fission

Q - _  track map.
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along some grain boundaries, &hich indicates that some
vuranium has migrated from its original site. TheSéZtWO'
_samples also have relatively low concentratipns of'
uranium, and may have lost uraﬂium:du:ing alterafion.
' Examination of the thin_ sectio#s suggests, however,
tﬁat the differences in uranihm _éoncentrgtions are
primarily,dué to‘variatidns iﬁ,the amounfvof'allanite
present. S&mple'WIN 1-1865.conﬁains'5~10 times‘as much 
allanite as WIN 1-1779 (0.5Z vs 0.1% o;lless)._
The relatively. high concentrations of ur#nium'
around the opaque oxides provide fﬁrther,evidencé that,
although some uranium has migfated, it.haS'ho;'béen
lost frbm the system in large amounts. Ferrous iron in

b The -

these oxides can reduce mobile U6+ to immobile U
rocks from the Winnsboro core contain lafge numbers of
small grains of iron oxides, so that much of the
migrating uranium would be'tfapped beforé‘it had moved
far from its original site. | |

On the basis of tﬁe four samples studied, the.
distribution of uranium changes little with depth in
the range 25-580 meters. The sample‘ closest to the
sur face does contain - more uranium along gf#in
.bbundaries than any of the otﬁer samples,” but uranium
in WIN 1-1779 also occurs blocally along grain

boundaries. The location of uranium in samples in the

depth range examined appears to be a function of
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'”Conditicnsithat aré'highly'locéliigdﬁpgafly'on avg:aih-

to-grain scale - during alteration.
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PETROLOGY OF DRILL CORE ED-1 FROM THE CUFFYTOWN CREEK
PLUTON

S. W. Becker

Core has been taken from a hole 299.5 m (964 ft)‘

deep, drilled near the center of the Cuffytown Creek

pluton (VPI&SU-5648-3, Figure Al). Sixteen samples

have been analyzed for major element chemistry, and

measurements of heat production were made on 14 samples

(Figure A-11).

In addition, numerous specimens have been chosen for.

petrographic examination, identification of sulfide

minerals, and determination of uranium distribution by
fission track methods.

~

Mineralogy

The granite is fairly uniform throughéut the core, and
closely resembles surface samples in texture and mineralogy.
Minerals visible in hand speciment are quartz and alkali
feldspar, ranging in width to 0.6 cm across,‘plagioclase to
0.4 cm, and white mica flakes 0.1-0.2 cm wiae. Petrographic

studies show that the alkali feldspar is microcline

microperthite, and that the plagioclase is sausseritized..

Grains of plagioclase may be almost entirely replaced by’a 

single grain of white mica, or may contain many small grains
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DRILL HOLE EDI

12, 35,38
HGU = 141

 EXPLANATION
~ ROCK TYPE ,
MEDIUM GRAINEE. MUSCOVITE

. BIOTITE GRANIT

PEGMATITE

VEIN FILLED BY -
QUARTZ * FLUORIT

ALTERATION

ALTERED AND HIGHLY
FRACTURED, FRACTURES
FILLED WITH QUARTZ
+ FLUORITE, SULFIDES,
Mn - OXIDES, ~ CHLORITE,
EPIDOTE, OR CARBONATE

MODERATELY _ALTERED
WITH FEW FRACTURES

LITTLE OR NO ALERATION

"MEASURED U, Th, K VALUES

(in ppm) AND HEAT
GENERATION UNITS (HGU)

Figure A-11. Lithologic and gamma log of the ED1 drill hole.
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'.Qf ‘ﬁicﬁ‘ ;hat' are qfiehtgd“ parallel to ncrygtailographicv
_pI;ﬁeg _in'ﬁthe 'féldSpar._ Quartz plus 'the  tGO feldspars
v"conéfitu;e: 95% éf _the rockg 'acqeésories present include
qfiﬁofite, garnetr Bioﬁite; cﬁlérite, allanite,_iircén, aﬁd
‘ifonffiegnipm bxidés.. |
Anuéh ;6f “the :rock is  highly,_glte:ed andv.closgly
-frécéureg}ilThg'toﬁ_ISS m.(606'f£)vo£ ¢§re is red in cOlof,.
-_;due:.§o> éltefﬁﬁion- qf ’:he: fel&spgrs;  In thin section,
7  §amp1eé _f:oﬁ lthis zoné'_show 'thﬁt.gthé.‘alkalii feldspar is
 'exteﬁsivé1§_kaoliniiéé; aﬁdvapﬁears red;BrOWn under crossed
ﬂiéholé, *suggestihg thaf_.fiqely  dis$eminatéd hematite is
p:éSen£f>throqghoﬁt. the feldspars. : Plagioélage grains .are
'aiso §tained red brown, to Q lééser exteﬁ£. FrOm,;SS‘f 270
m (600*870‘ ft), vtﬁe core is somewhat 1less alfered, and
-usua11§> red in color, but cut by fewer fractures. From .
276-295 (8724950 ft), the-rbck is grey and appears to be
:fregﬁ. iﬁ .hand. specimen.  In »:hiﬁ section, the alkali
‘feldspars isvhiéhlyjkaolinized, but the red-brown stain is
v’abéen;. |
;"Thé fracturg§ cutting'the cbfe, generally vertical to
_Qteeply dipping,~Aare; filled Siﬁ.a .variety of mineral
‘gséeﬁbiaggs.‘ Quaffz-filfed‘fra:tufes'are fhe mostfcommon,
V;Qnéiﬁg in .wiﬂth-‘frOm"g.bféw _ﬁi11imeter§ to several’
> .§én§ime;eré; “>Many'_of jthe .ftaétures “are filled _wiﬁh, or.
bp;deréd By; s#lfiﬁé_minerals, ?yrite compriées nearly all

~-the mineralé‘in these zoneé; invone samplei(305.2 m), it is
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sccompanied by sphalerite‘and chalcopprite.f Bi?Pb,snd ﬁi-Te
su1f1des occur in one sample at 267 5 m. Seme fractures‘arev
filled by fluorzte ! quartz, otbers by epidote, chlorite, or
carbonate. Assoc1ated with some fractures are -black

degﬂrite§,~ or deposits of Mn oxides, identical in ‘hand

specimen and thin section to those seen on the surface

(VPI&SU-5648-3, p. A-22).

Major Element Chemistry

Sixteen samples have:beem,analyzed for maJor element

. content. The samples are snmllar in, chemistry to the

surface samples: K20 = 4.59 - 5.24, Na20 = 4.51 - 4.89, and.

Ca0 = 0.13 - 0.82. On a plot of normative Q-Ab-Or (Figure
A-12), the core samples plot near the surface samples and
show more var1at10n in percent of normative quartz

This variation may be due to the larger size of the

‘ssmple populatiou; and does not truly 1nd1cate any

difference in -pressure ‘of crYstaliization The . Cuffytown
Creek drill’ hole is only 300 m deep, much too shallow for

any d1fferences in depth to appear on the Q- Ab -0r: dlagram

* The var1at10n;1n’normat1ve quartz, however, is more likely
due ‘to problemS"endountered‘in csllbratlon for silica. ”In
‘any case, positions of gran1te compos1t10n on the Q~Ab Orm

‘plot can- be wused only as a rough gu1de to pressure

condxtlons when no other information is available to y1e1dv

estlmates of pressure
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Figure A-12. Normative quartz - albite -~ orthoclase diagram
showing compositions of Cuffytown Creek
surface samples (solid line) and core samples
(dashed 1line). Experimentally determined
minima are from Tuttle and Bowen, 1958, Luth
et al., 1964, and Luth, 1969.
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U;ATh,‘and Heat'Prqduetion

FourteenfufédmbieQ? .wereybianaiyzea by dgamma‘«'ray
.epeet;onetry‘ for U 'end‘ Th éontenti and ~heat oroduction;‘
results are shown in Table A-7. fAyegage valoes are slightly
hiéher than.those £ound for surfaceisamplés:>'ﬁ = 10;2_ppn,

Th = 33.3 ppm, and heat production = 12.5 Hevy, versus 8.7,
33 3, and 11.3 for surface ‘rocks. A plot ofdthese values
:(Flgure A 13) shows that U Th, and’neat production increase
slxghtly w1th depth a ' | ‘b |

. The_ deepest ‘sample,’ ED'H1—275; haed-the hlghest
iconcentrat1ons of U and Th and the greatest.heat product1on
iThe variatxons in U and Th concentrat1ons ‘are probably a
vareflectlon of‘the d1fference in degree of alterat1on of ther

.core: Sample ED 1-275 is from the grey sect1on of the core,
‘eamples' from thher intervals represent zones that show
;progreesively more alteration : The dxfferences in U and Th
Aieontent found' in;'the ¢ore suggest that, in. zones vof
:eétensive’eiterotion; both VU and Th have been removed from‘
;tﬁe“syetem in ém;11 ~am0unts.d} Fission track studxes of
tsemples taken throughout the:'oore, in combination wfth'

:results of f1ss1pn tracks studxes of other gran1tes, may a1d_

;1n determ1n1ng the extent of U redlstrlbutlon.v

*
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TABLE A-7

U, Th,_and K contents and heat production’

of drill core EDI.

v ™ . K HGVU
(ppm) | k (ppm) ~ (wt ) (ca}/¢m3-sec)

ED1-11 7.4 35.6 3.6 _ ' 11.4
ED1-93 10.3 30.1 3.6 | “’11.9
ED1-110 9.4 34.8 3.6 | o iz,s
EDI-134  10.5 28.7 3.6 . 11.8
ED1-144 9.2 35.3 3.6 C12.4
EDI-154  10.0 333 3.7 o 12.3
ED1-176 10.7 32.0 3.8 ~12.6
ED1-185 8.8 30.7 3.6 | 11.2
ED1-205 11.0 34.9 3.8 . 13.5
,_énl-zzi - 10.7 30.4 - 3.6 ' - 12.3
ED1-233 11.6 35.3 | 3.6 13.6
Eﬁ;-zas 9.3 31.3 3.7 | 11.6
| ’351-254 O 11.7 36.0 3.6 | 1421

ED1-275 12.3 37.3 3.7 14.6
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THE BEHAVIOk OF URANIUM AND THORIUM DURING
DIFFERENTIATON OF THE WOODSTOCK GRANITE

el - John R. Sans S

Vv'{ The Woodstock Granite is a small oval?shgfed. pluton
located .in,:southwesfern Baltimore County, Maryland. - The
Woodstock Granite intrudes the part of the Baltiﬁote‘hore
Gneiss known as  the Woodstock. Dome. This report. wiil
discuss the major element and radioelement chemistry of
forty-nine rock‘saﬁples collected from the Woodétock*Granité
and the -surrounding Woodstock Gneiss Dome. Sans  (1978a)
described the field relations and'locations-for these rock
sampleszr:"., ‘ : S - S

0f - the forty-nine rock samples, ‘twenty-seven are
granite samples, twenty ‘are gneiss samples, &nd ‘two are
composite samples with both a granitic and gneissic phage;
The uranium, thorium and potassium content of forty-two of
these samples was determined by.gamma-ray spectroscopy. The
preliminary .interpretation . of the radioelement distribution
‘was given by Sans (1978b). The same suite of saﬁpies'haé
.now beénlganalyzed - for major element chemistry by fx-ray
fluqrescence.. A total of fifty-onme chemical analyses were
&oﬁe oh the forty-nine samples, since twd of the samples

contained the contact between granite and gneiss.

'CIPW normative minerals were computed from the chemical .

analyses of the granite samples. .A-good'indiqatdr%of the
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degree"ofi;differentiation';of‘esa'given .granite. .sample  is
providedyrby.;the 1Di£ferentistion  Indexf%(DI)ijl;Theigblgﬁis
”simoly.the sum of normstiye1§usrtz,»orthoclasersnd.slbfte
(p1 = Q + Or + Ab)r' The DI for the:twenty-nine granite
.analyses ranges from 69 2 to 91.5 percent. However;“all but
three of the samples fall in the much narrower range of 78. 7
-to 85 .4 percent.e | .
5ﬁff:1“‘ﬂ9” typlcal grsnite,,gone: would - expect <a positive
correlation ,between;3thqriumi,and; potassium. . For,_exammie;
Rogerstspdﬁndams (1969)»reported that¢the-K/Thmratioﬁmemains
nery_ﬂnesrly constentvetv~3,x_:L03uint,agiarge variety;bf
igneousprocﬁsg.gln contrsst,,the‘Hoodstocklcranitegshows}s
wesk_.negstiyer eorrelstion,bhetween..thoriom. andr;potsssiumr
_ forthermorei%5thorimmi,shows ﬂé. strong,.negstive“ correiation
‘with thefbifierentistion“Index.(DI),-VA*ieastfsooareS€fit'to
the data yieldg the follow1ng empirical relat10nsh1p
Th = (-0.731) (DI) + 74.8 Equation 1

4ﬂhef§;Th115vth?rlumﬁQPQCQntICFIQDﬁ?XPFCFSédPin patts
perjmiilion, and D;:isrnifferentiationfIndex_CnormstiVeaQ'+;
-Orm+'Ab)uexpressed‘in percent;: Thislrelstionship'hoidsnover
'the entxre compos1txon range of the Woodstock Gran1te.§T

The presence of: euhedral zoned gra1ns of allan1te'1n‘

‘ther~Woodstocke.cran1te“£was fxrst noted by Keyes 1(1895)7
‘ Modsl anaiyses ;fbrr sixstrock samples from .the;YWoodstoct
Granlte were reported by Hopson (1964) 'HeffOund;tnst;the

»modalaabundance of»allan1te:ranged from 0.1,;¢;b.5 percent.
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Boghgkéjeé and Hopson thought thét-the zoning and éuhédral
.égapevéf tﬁé*afianiteigrains suggested. primary origin. Tt
ig-. well 'kndwﬁ,’that ~allanite typically contains high
ééncéﬁtration of_fhﬂrium. Deer and others‘(1962);reportedga
range of 0.35 to 2.23 percent Tho, in analyzed allanites.

| »vWe*Vhave found that rock samples 'from‘vthé Woodstock
Granite éqntgin 12 to>18 ppm thorium. If all of the thorium
ihvtﬁé rock is assumed to be in the allanite, then Hopson's
'mo&§1f8a£a=iﬁp1y5a concentration of 0.24 to‘i,OS percent
1&02 in the allanite. This is the »raﬂge of Tﬁoé
cqqéeﬂtratioﬁs one would expect for allanite, and;shggeét
that allahite ié the dominant residence site for.tﬁoriuﬁ in
the Woodstock Granite. The obvious way to test this
hypo;hesis would be to determine the ThO2 content vof'the
allanites from the Woodstock. Granite on the electron
@icroprobe.

As previously noted by Sans (1978b)  the Woodstock
Granite is concentrically zoned in thorium. The =zoning
obeys the following empirical relationship.

Th = (0.00472) (D) + 13.4 Equation 2

Where Th is thorium concentration expressed in parté
per million, and D is the distance in meters from the
né#regt.wall of the pluton. This relationship seems to hold
fdr'*the entire Woodstock Granite from the wall contacts
A(zero ‘meters) to the cénter of the pluton (760 meters).

Obviously, since thorium - concentration correlates with

1




PAGE B-5

distance” from-ﬂthe‘ walls as well as Diffefentiaton'*lﬁdei

(p1), 'fthe fDI'det‘-correIated ‘with the dxstance ftom, the
Walls of the«pldton; “Combining eqoations l and 2 y1e1de
the follow1ng result: - | | | ‘
DI = -0.00646 D + 84.0 - ' Eduetion'3
‘Where DI ie-DiffefentiatithIndex.(hormetiveyq'+eog7;
Ab)‘expreseed“infpercent,land“D is the dietance.iovﬁetete
from the wall of theé ‘pluton. |
| Equation " 3 jindicates that ;near"the:dﬁélled'otg the
Woodstock'thEhite"the.iDI"is ~about f8£:0 dbetcent. _‘Iﬁ_
contraet, near ‘the center (760 meters from the wall) the DIrl

4
is d1st1nct1y lower ‘at about 79.1 percent. If one considers

the-relat;ogsh1p'of DI to D~d;rect1y,:without cons1der1ng

thorium, ‘essentially the *‘same result is obta1ned.' -Thle

result is very curxous, because one would expect ‘a zoned

¥

pluton to be more d1fferent1ated toward ‘the center not the

o

; .

marg1ns. For example,’see Bateman ahd Nokleberg (1978) for

a recent dxscu351on of a. zoned pluton. ; e

T

t; 'Theo‘uranxum vconcentratxon~:in* WOodstock Granzte

>ranges~ from 2 0 to 4 7 parts pet m1111on. Sans (1978b)

noted that the uranium concenttatlon doee not correlate w1th'

the. potassxum -tconcentrat1on.' ‘He concluded that '_the

§

dpresently observed uranium’ dlstribution 1s due to varlablei»

removal - off’uran;umi'by 'weather1ng. " We ' now have x ray'
fldoreqcencefEnalfiesEforftheFIO'maJoE_ehd'mtno:~e1ements

(Na, Mg; Al; Si, P, K, C&; Ti, Mn, Fe) in the same suite of

:
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samples from . the  .Woodstock Granite.  Urdnium does -not
correlate with any . of these .10 elements. The uranium.

concentrations .were glso.checkedeormany correlation with:.

the geographic 1ocation of the sample, CIPW. normative
minerals, - Barth ' s Cations, = Niggli Values, and
Differentiation Index (normative Q + Or +. Ab). No
éorrelations were found. Such total lack of correlation is
most unlikely, if the rock samples preserQe' the igneoﬁs
uranium concentrations. 'Furthefmore, all of the samples are
from surface exposures and must be weathered to some degree.
ﬁenCe, we draw the following two conclusions. First, the
initial concentration of uranium in the Woodétock Granite
was 4.7 ppm or higher. Secpnd, -the presently observed
variation is due to the various degreeé of weathering of the
ro;k gsamples.

In summary, we draw the following conclusions about the
disfribution of thorium and wuranium in the Woodstock

Granite. (1) The thorium concentration of a rock samples

from the Woodstock Granite can be predicted empirically from

the Differentiation Index (normative Q + Or + Ab) of the
sample. (2) The thorium concentration can . also be
predicted from the‘geographic location of the sample. In
other words the pluton is concentriéally zoned in thorium.
(3) The thorium distribution is probably controlled by the

distribution of the accessory mineral allanite. (4) The

thorium concentration is related to the differentiation of
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the pluton, but the nature of the relationship is not clear.
(5).'Uranium-concentrétions‘bannot‘be predicted, because the -

uranium has been extensively removed by weathering. : * v .1 %
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SILOAM CORES

Stephen T. Hall

One. core hole each. was .drilled into the medium-
grained Siloam granite and the porphyritic Siloam
granite from the Siloam, Georgia pluton, Eighteen (18)
samples from each were analyzed for major element
chemistry.

In common with both the porphyritic. and medium-
grained Siloaﬁ surface samples, the cores from both of
these phases calculated out to contain 17% normative
quartz. The porphyritic core samples, like the
porphyritic ’surface samples (geochemistry . section
report VPI & SU 5648-3), plot on the boundary between
the syenogranite and monzogranite fields of Streckeisen
8 (1976) normative Or-Ab-An classification diagram.
The medium-grained Siloam core samples also plot around
the syenogranite-monzogranite boundary but, like the
medium—grained . Siloam surface samples, more samples
plot within the syenogranite field.

Table B-~1 shows the ranges in alkali and Ca0

contents of both sets of core samples. Na-K~Ca plots

of the porphyritic Siloam core data yield a trend very

similar to the average calc-alkaline trend given by
Nockolds and Allen (1953). The Na-K-Ca ploté of the

medium-grained Siloam core samples do not show as good
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a8 trend but do, however, qlus;er around the mosf
diffgrentiated end of the ave;ﬁge calcalkaline trend.
A-FfM‘piots and Streckeisen s Or-Ab-An classification
diagram plots bf;bogh'cores also tend té indicate calc-
- alkaline affini;ies,

‘Figure B-1 shows the Siloam core normative Qz-Ab-
Or data plotted on the water-saturated phése diagram.
Figure B-2 shows the éffect of»ithe An component and
gléb‘;be fields where the surface samples plot. Ab/An
‘:ratips fo;‘bqth se;sjbfacore samples\are about 4 t6”4{5
-and  are the;eforg similgr to the Siloam surface
ASamples. Since it would be,unqeaSOnable to expect §ny
signifigant  change 1in pressute over the few hundred
_feet'gampled in the goreé, the Si}qam core samples must
a1§o vb¢ considergd4‘to _have equilibrated at the  same
,p;essﬁrev(bgtweeh{Z*gnd;4:Kb;:VPI,& SU report 5648-3)
‘as ‘the surface sampIes,v’That\tbe core sah@les}appéar
‘jfb h;ndi;atétihighér',pressures;fmﬁst‘ be'”bbnéidé;éd‘:an
iinqicgc;igp ,that‘ the most diffé;entiated  éraniteiiwas
199t{encquptgreq in1thé samﬁling;: 1"' ‘

'Recent gamma-ray igveétigations of_'thej4silbam

surface samples By the-gépphysicg1 section have shown U

;?aluesv:q rdnge from ‘3.8 to 7.7 ppm in the porphyritic

Lphage:apd;aboutb5 ppm in ;hgvmeéiumfgraiﬁed phase. Th
contents r#qgé from 23.4 to 39.7 ppm in the‘porphyriﬁié

phase'gpd about 33 ppm in the medipmfgrained phase.

*
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PALMETTO GRANITE

Stephen T. Hail

"8ix (6) samples from the sufface of the Pélmefto,
Georgia grénité and fourteen. (14) core samples'-wé:e
aﬁalyzed for major elément chemistry. Of'thé‘surféde
samples, three analyses yielded‘ 17% -normative -quéftz
and fell into the calc-alkaline to subglkaliﬁé éyenife
‘category in Streckeisen s (1976) iﬁormati#e"br—Ab?An

classification diagram. The other three calculated out

to . 17% normative quartz and - are considered
monzogranites according to Streckeisen s
classification. However, these three monzogranites

fall éithin the same general area on ‘the Or-Ab-An-
diagram as the three "syenite" samples and would be
classified as calc-alkaline syenites if they had 17%
normative quartz. With the exception of two of the.
shallowest samples which have 172 normative quartz and
fall into Streckeisen s monzogranite‘cateéory,”all of
the Palmetto core samples contain 17% normati&é‘quattz
and are classified as subalkaline syenites. 'All core
samples, however, fall within the same general area on
the Or-Ab-An diagram and like‘the surfacevsampléé;rthe
amount of normative quartz makes the difference in the
clasaification. The monzogranitic surface sambleéﬁafe

from the southwestern part of the Body, but ﬁbre
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sampling and'analysgs'willibe”fequired to determine if
there is any sdrt*-df"chémicai' gradient across the
bluton. |

Table B-1 ghows the ranges ‘in alkali and CaO
contents of the surface and core samples. Na-K-Ca and
AFM  diagr#mé >0f'ﬂbdth‘ the surface and the core show
calc-alkaline affiﬁiﬁiei (Nockolds and ‘Allen, 1953).

Figure ° B;l"éhows the Qz-Ab-Or water-saturated
phase diagram with the normative Palmetto surface and
core sample data‘ﬁfbjééted;onfdait.‘iFighrefB-Z shows
the. same  prdje¢tbd“ hormative':da;g:fbhh'the 'Qz-Ab-0Or
diﬁgram‘showing the effect of An content on the Pu20= 2
Kb eutectic. ,Both*the'cOré and surface samples yield
quite.%imilafﬂplots*andvafe élso'ﬁoth”éimilar to the
Liberty Hilllplhtbh'kVPI &79U3564843)‘wi£hout'£hé most
differentiated Liberty Hill éaﬂpi§513 The Ab/An ratio
of the Pélﬁgtto:is also s}fghtly less, in general, than
'théfLibéf;§EHi11; fBoghfbf'théséffactors wohl&‘ihdicatg
'éithet'*a *greatéf’"pféssure':qf'EémfladéﬁeﬁtfifOr‘ the
Phlﬁéttozm( 7” 4;81'Kb)'f6r “a Alossf‘bf“.thi"mogt
difﬁeféﬁtiated“f§r  qppefopart  of 'chévtPhimettd7”p1qt6hr
tﬁfﬁugh“éro}ibn}, | |
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PAGELAND GRANITE

Stephen R. Hall

Tvelve (12) surface samples and ten (10): core
.samples were analyzed for majoilelement chemistry. - One
of the surface samples is from the granodiorite at the.

center of the Pageland pluton aﬁd the rest are from the

Pageland monzog;anitev itself (Bourland, 1978). ‘ All

core samples are of the Pageland monzdgrénite. Norm<
calculation of the chemical analyses and ~subsequent,

plots on Streckeisen-s (1976) normative Or-Ab-An

classification diagram show that both the core and

surface monzogranite samples cluster around . the
boundary between the monzogranite field and thér

syenogranite field. They are, therefore, very similar

in this respect to the Siloam (geochemisry section,

report  VPI & su 5648-3) and the Rolesville.

(geochemistry section, report VPI & SU 5103-5) plutons.

The '"granodiorite" sample calculated out to be 17%

normative quartz and is <classified as a syenite

according to Streckeisen-s classification.

Table B-1 shows the ranges in alkali and Ca0
contents of both the core and surface monzogranite

kamples and the range of U and Th values of the surféce

samples. The syenite surface sample has Na,o0 =4.09,

K,0 = 4.28, Ca0 = 2.64, U = 2.7, and Th = 11.5 showing

2
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fhat it is more mafic but with :elafively high Na. AFM
diagrams of both surface and core samples show alkaline
.to calc-alkaline affinities whereas Na-K-Ca diagrams of
ﬁoth surface and core samfles Shbﬁ céicfalkaline
affinities;; Piots of CaO vs;‘ SiOi and réo vs SiO2
shbw’somerlineaf cortelétions forrfhé‘surfaée samples.
“figuré' 3—3 shows~vthe Qz-AB—Or water—s#turated
ph#se diagram wiﬁhtﬁhe normative Pagelénd surface and
care sample data projected onto‘it. Figure B~-4 shows
the éaﬁé projected nérmatiQé'fageland data on the Qz-
AS-Ot diagram witﬁ tﬁe éffect of An content sﬁown.
Both surface and coré data plpt in the;same general
éfea and Ab/ An ratios for botﬁ are in the range of 3-4
with a few samples in tﬁeltﬁnge<of 7-8. Considering
that the most diffefeﬁtiatedisurface‘éaﬁpleé hﬁ&e an
AB/An _ratio of between“4‘ aﬁd 5, a pfessuré of
'eﬁﬁlacé@ent of about 3 Kbﬁcan be ihferred ffomithese
‘two 'diagrams. Howevef,i ﬁhié preséure’ vélué is‘ ndt
neccéééarily accurate since otﬁer factors are not
aCéGunfed/for in ;héséldiﬁgraﬁs; In facf, sindelthé
Pageland is similar Vin' age and chéqistfy':po thé
WinnsBpro aﬁd Libérty Hi11vp1utons‘(Bburlaﬁd,’1978)'and
‘if theacontéétEaureole assemblagés are similér'tolﬁﬁbse-
surrounding the laftér  two plutdns; bﬁ :comparaﬁle

pressure value of aboht 5 Kb would be{implied.




Na,O

K20

Ca0

U (ppm)

Th (ppm)

TABLE B-1

Chemical Ranges (in weight percent)

Medium-grained Porphyritic S
Siloam Siloam Palmetto Palmetto Pageland Pageland
core ' surface core . surface core
2.80-4.31 3.60-4.00 ‘3.30-3.84 3.23-3.72 3.17-3.81 3.53-4.08
4.71-6.74 4.67-6.22 4.37-5.19 3.78-4.64 3;81—5.93_ 4.42-5.30
0.93-2.41 1.41-2.03 2.07-3.51 2.98-3.73 0.85-2.49 1.26-2.11
208_9.6
12.2-28.7
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Atlantic Coastal Plain Drilling Program

During the present period (July 1, 1978 - Septémbef 30,

1978), the geophysics group has been primarily occupied with

the interpretation of results from the heat flow drilling

program on the Atlantic Coastal Plain. To date (September
28, 1978) seventeen (17) holes have been drilled in the
States of Nég Jersey,_Delaware, Marylaﬁd, and Virginia for
the purpose of determining the geothermal gradient énd

terrestrial heat flow. Locations of the holes are gshown in

- Figure C-1.1. Wifh'one,exception (Hole 43 at Ocean City,

MD), all of the holes have been drilled to a depth of
approximately 300 m, cased, and cemented to the surface.
Hole 43 was cased to a depth of about 180 m.

The holes were drilled by Energy Services Co. (under

contract to Gruy Federal, 1Inc.). The first hole was

completed at Fort Monmouth, NJ on July 9, 1978. Most of the

holes are being drilled with a Skytop Brewster drill which

is now drilling, coring, casing, and cementing 300-m holes

at the rate of one evety 2.5 days. Two attempts to recover
a total of 15 m of core are made in each hole. Core

‘recovery has been variable due to difficult drilling

conditions.
Most of the holes have been logged more than once in

order to establish the length of time necessary to reach an

equilibrium geothérmal gradient. This is discussed in more

"detail in the following pages by S. Dashevsky.
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The drill sites were selected by VPI&SU in cooperation
with State and Federal agencies, primarily on the basis of:
(1) available gravity data,

(2) available aeromagnetic data,

(3) known thickness of Coastal Plain sediments,

(4) apparent thermal anomalies based on existing data,

(5) much of the available bgsement.core data,

(6) suitable sites for theF evaluation of the

radiogenic model (Progress Reports VPI&SU-5103-1,
-2, -3, -4, -5, and VPI&SU-5648-1 to. the
Department of Energy), and ‘

(7) proximity to energy markets.

Least-squares gradients usually can be computed for the
most part over the depth interval 50 - 300 m in each hole.
Average gradients range from about 25 °C/Km to a2 high of 45
°C/Km. (Crisfield, MD). N;rmal procedure for temperature
logging is to sample the temperature every 0.5 m; holes
whiéh are logged soon after the hole was cemented are
generally sampled at coarser intervals. Figures C-2.6
through C-2.9 show geothermal gradients over selected depth
intervals and estimated depths to basement for all of,the
holes logged to date (0ctobér_20,’1978).

Thermal conductivity determinations are made with
needle probes on core obtained from ‘the holes. The
conductivities of sélected lithologies are checked with a

conventional divided-bar = apparatus. Table C-1.2 . is a

e
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‘tepresentative samp11ng of the thermal conduct1v1ty of core
determ1ned with needle probe techn1ques and shovs the range
of thermeal conduct1v1t1es to be’ expected in sedlments of the
Atlantic Coastal P1a1n‘ ’Flnal determ1nat10ns of heat flow
for each drlll site are in progreas andnwlll be g1ven in
subsequent reports and 'papersj when* equillhrium gradlents
have beenlreached and thermal conductivityldeterninatlona
are completeé“ B

.Prelininary results from the heat tlowhbrogram on the
Atlantic Coaetal Plaindauggest that ‘areas’ “in Maryland_and
V1rg1n1a warrant further. exploratlon ‘and - study ‘These are,

from north to*south

(1) Sa11sbury, Maryland
(2) ‘fCrlsfleld Maryland
(3) Wallops Island V1rg1n1a

“Additional heat flow holes are planned‘1n these areas
to define the geograph1c extent of the thermal anomalies.
Add1ttona1-deta1led gravity coverage is’ also\be1ng'obtained;,

H°Iéé"?5; and 26 (Figure?fcel.l) drilled in Virginla-
offer additional‘donfirna:ion’of~the:radiogenicfmodelﬁ Hole
25 near Port;nhuth‘FVA was drllled at the centerlof a well-;
deflned negatlve grav1ty anomaly Hole 26 Was drilled  at- a'
~locat1on away from’ thls anomaly, but close enough 8o that
essentlally ytxhe" same . stratlgraphlc sectlon'g wouldi o'e
penetrated. Llhermal,conduct1v1ty determinatione'are;notgyet

complete; however, the gradient in Hole 25 (35 °C/Km is 35%




PAGE C-6

TABLE C-1.2- T “C-1.2=1" &'—
REPRESENTATIVE THERMAL CONDUCTIVITY VALUES
~ -~ OF THE ATLANTIC COASTAL PLAIN
SAMPLE LITH DEPTH K K K K
NAME - - CODE © (M). RUN1 RUN2 - RUN3 RUN4  MEAN
C26-971.5 296.1 7:6 6.3 7.0
. €26-972.5 0 296.4 7.9 6.2 7.1
- €26-979.5 298.6 6.8 6.3 6.6
C26-980.5 - -298.9 5.9 . 6.2 6.1
- C26-981.5 299.2 6.3 7.6 7.0
.C26-982.5 299.5 7.1 2.7.1
C26-983.5 299.8 7.1 7.1
C26-984.5 - 300.1 7.4 7.4
C26-985.5 . 300.4 6.6 6.6
C26-986.5 - 300.7 6.9 6.9
C26-987.5 301.0 5.8 5.8
C26-988.5 : 301.3 6.1 - 7.5 6.8
€26-989.0 , 301.5 5.9 5.5 3.8 5.1
€26-990.0 ' 301.8 3.9 5.5 . 4.9 4.8
C29-584.5 c 178.2 3.6 2.6 3.6 3.3
€29-585.5 c 178.5 3.8 4.0 4.2 4.0
C29-586.5 Zc  178.8 3.2 4.1 5.6 4.3
€29-587.5 c 179.1 4.8 6.1 6.9 5.9
€29-588.5 179.4 5.5 5.4 5.5
€29-589.5 179.7 5.8 6.1 6.0
€29-590.5 180.0 5.9 5.8 5.9
€29-591.5 180.3 5.3 5.3 5.5 5.4
€29-592.5 180.6 - 6.0 5.8 6.4 6.1
€29-593.5 180.9 7.6 6.9 6.6 7.0
€29-594.5 181.2 5.8
€29-595.5 181.5 5.2 4.4 4.8
€29-596.5 181.8 6.0 6.0
© €29-597.5 182.1
€29-598.5 182.4 4.7 5.0 4.9
€29-599.5 182.7 3.9 4.7 4.3
€29-990.5 sz 301.9 5.4 4.4 4.6 4.8
€29-991.5 sz 302.2 4.9 4.7 5.4 4.2 4.8
€29-992.5 sz 302.5 4.5 4.8 4.9 4.7
C29-993,5 WSz  302.8 4.7 4.1 4.0 4.3
€29-994.5 sz 303.1 4.7 5.2 4.2 4.7
€29-995.5 A 303.4 3.7 3.1 3.7 3.5
€29-996.5 Z 303.7 3.7 3.7 3.4 3.6
€29-997.5 sz 306.0 4.0 2.8 2.4 3.1
€29-998.5 SZ 304.3 4.1 4.2 3.7 4.0




TABLE C-1.2

C-1.2-2

~© REPRESENTATIVE THERMAL CONDUCTIVITY VALUES

SAMPLE" - LITH

OF THE ATLANTIC COASTAL PLAIN

sand

S =
C=-clay "' -
z:

silt
M = mud
SC= sandy clay
8Z= sandy silt
M= sandy mud
CS= clayey sand
MS= muddy sand

~'Example

‘ “DEPTH" - K K. K. K

NAME . CODE (M)  RUN1 ~RUN2 RUN3  RUN4 MEAN
€29-999:5 ~ Sz ' 304.6 4.2 3.9 4.1
€32-541.5 165.1 “3.7 3.7
€32-542.5 165.4 3.6 3.7 - 3.7
€32-543.5 165.7 3.8 3.4 _ 3.6
€32-544.5 166.0 3.6 2.8 3.1 3.2
€32-545.5 "~ 166.3 3.6 - 3.0 3.3
€32-546.5 166.6  3.5- 3.4 o 3.5
C32-547.5 '166.9 3.6 3.4 3.5
C32-548.5 167.2 3.1 3.1
€32-549.5 T167.5 3.9 2.9 3.1 3.3
€32-550.5 167.8 . 3.7 3.8 3.8
€32-551.5 168.1 3.0 3.3 - 3.2
€32-552.5 168.4 3.6 3.8 3.7
€32-553.5 168.7 3.2 3.5 C 3.4
€32-554.5 1 169.0 3.4 3.4
€32-555.5 1 169.3 3.3 7 3.3 3.3
€32-556.5 169.6 2.9 3.5 3.2
€32-557.5 169.9 3.1 3.6 3.4
€32-558.5 - 170.2 3.2 3.2
€32-559.5 - 170.5 o 3.6 3.6
€32-560.5 170.8 2.8 3.1 3.0

KEY TO LITHoLOCIC_CODES,,.

28=
Y =

< moe o

Géry limy

silty sand
glauconitic
lignitic
shelly -
limy
gravel
consolidated

very; greater than 50%

B *

clayey sand
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highorffhan that (26 °C/Km) in hole 26. Basement was not

éampléd at either location, 30*at the‘present»time;”it is

not posslble to determlne heat generatlon 1n basement rocks

or to relate heat flow to basement heat generatlon This

continues to be an important objective of this program,

however, and plans are underway to deepen these holes in the
near future

The lack of detalled grav1ty and magnet1c~ covefage

between Sallsbury, MD (hole 31) and Wallops Island VA (hole

29) has hampered the selection of heat flow dr111 sités in

this area. Potential field anomalies in this area are much
less well-defined than at Portsmouth, VA where anomalies in:

both the gravity and magnetic field are associated with the

high geothermal gradient determined for hole 25. It is

unclear at present whether the lack of definitive potential

field anomalies between Wallops Island, VA and Salisbury, MD

is primarily due to inadequate and/or incomplete data

coverage, or whether it is due simply to lack of contrasts

in density and magnetic susceptibility in basement rocks.
In either case, aquisition of additional gravity data is

necessary and is now in progress.

One additional factor in the geologic setting must be

considered. The area between Wallops Island, VA and
Salisburj, MD is not far from the projection to the east of
the "38th parallel fracture zone" which is usually assumed

to terminate in Highland County in northwestern Virginia. A
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weli-definé&<ioﬁé onSéismic‘activiﬁy*iﬁ'cénéfalyvirgiﬁia
méj_be paftfof:éﬁ‘}hstward.eitensioﬁ‘gf thé 38th bardllelr
fracture zone. We continue to prefef‘(fhe interéfefétionx
that the high gfﬁﬁiéhfs between Saliéﬁﬁry;(ﬁb éndvWaliops>

Island; VA are unrelated to a pbééibie eastward extension of

thé'38£h‘péréllél“frgcﬁhfé ioné‘in éoncealed.ﬁasemeﬂt‘fbcks.

Sampling of basement rocks beneath the sedimenté 6f thé
Afiﬁntic“cgéstéli‘PIAih should bei'éiveﬂ a high pfiority
wﬁéreve; pdgéibiéiés.our pfégrém confinués.( -

:.'Dfscusgidgg\ of lithologic"éh§ﬂgés .iﬁ ‘the heat flow
holéé. in A.the VuAtlantic ‘:Coasfai' Piéiﬁ ‘nénd "fdrtﬁér'
inferprét?fon of‘éhe poténtiél field déf; in thé énéﬁ#l&ﬁé
aféas\And in bther:éreas ﬁiil be foféhcom{ng in subsequéﬁt

reports.
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GEOTHERMAL GRADIENTS, WELL LOGGING

Samuel S. Dashevsky

During the period of this report (July 1, 1978 -
September 30, 1978); the VPI&SU -well logging operation has
closely monitored the drilling program in the Atlantic
Coastal»Plain. To determine and understand perturbation# of
the geothermal gradient imposed by drilling and cement{ng,
the 300-meter heat-flow holes were logged repeatedly during
the first several days and;relogged throughout the folloﬁing
Veeksf | ” | ‘

Most complete coveragé is available for holes 40 (Fort
Monmoufh, NJ) and 41 (Sea Girt, NJ). Temperature gradients
over specific intervals are plotfed with respect to' time
elapsed since cementing (Figures C-2.1 and ¢€-2.2). ° An
exponential cooling equation associated with thé rate of
decay of heat of solidification of cement in hole 41_is

plotted as a solid line in Figure C-2.2. Data not presented

in this report indicate that cooling might not be strictly

exponential for all hqles, but migﬁt have a linear component
aé well. | |

It is worthwhile to note that the standard deviation of
comﬁutea least square gradients also decreased exponentially

as a function of time. Figure C-2.3 shows this relationship

" for hole 41.

C

>
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Figure C-2.1. Plot of gradients vs time since completion
in hole C40, Fort Monmouth, NJ.
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Figure C-2.2. Plot of gradient versus time since cementing

in hole C4l, Sea Girt, NJ. Solid line shows

cxponential cooling curve with the form of gradient
32.9°c/km=-13.75 Exp (0.010327 xt):
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Jﬁﬁile none of the wells drilled during this repoft
périod:lhéé yet re-established an equilibriﬁm geothermal
grhdiént, the observed tendency is for the gradient to
inéréasg over'a'period of time'from about four hours.after
éementiné to within 10%Z of its' équilibriu@ »va?ué af 250
Ahé;rs ;ﬁdito'within 5% at 450 haufS’after cementing. | |

In a cemented well, a large amount of heat is given off

within the firet six hours as cement bonds are formed and
energy is released. The extreme effect of cementing is to

Hring the entire well to the same warm température with a

near zero thermal gradient. As cooling begins, a gradient

will appear since the upper section of the hole cools more

«pidly in response to a greater difference between the in

Eiig and the cement temperatures. Sucgessive temperaturé
logs of hole 40 shown in Figure C-2.4 exhibit thiis trend.
The early logs of hole 40 show the temperature profile
of a hole with a high degree of washout and an incomplete
cement job: In hole 40 where the void space filled by the
ement was so great, the heat released was sufficient to
entirély obscure the ggothermal gradient. Early temperatu-
re logs show this hole as a monotemperature plug'beginning
.at a depth of 150 m where the top of the cement is indicated
by‘a +5;C step in temperature.
In hole 41, the combination of a higher ambient thermal
éfadient with a lesser degree of washoutv’allowed the

‘geothermal gradient to show beneath the masking effect of

-
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Successive temperature logs of ;Hole C 40
eight hours post cementmg through 1464 hours.
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the cement (Figure C-2.5). Washout in this hole ' was

conf{ned»tormore discrete depth intervals than.in C40. The

large p081t1ve temperature sp1kes ‘are at‘tdepths where
sectlons have been washed out and subsequently conta1n large
ﬁpockets of heat generatxng cement V
‘The most recent temperature logs st the time of thrs
wr1t1ng are presented in the follow1ng pages for each well
New Jersey, Fxgure C-2.6,-De1aware,‘F1gure C—2.7,;yarylend,

Figure C-2.8, Virginia, Figure C-2.9.
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Figure c-2.5. Early log of Hole 41 showing temperature
gradient of 21°C/km at 32 hours post cementing.
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Figure C-2.6. Most recent temperature logs to date in New Jersey

*Estimated depths to basement
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c3icc
TEMPERATURE

SALISBURY, MD.

helH R

€33R
TEMPERATURE -

CAMBRIDGE, MD.

osem

Figure C-2.8. Most recent temperature logs to date in Maryland
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HEAT FLOW AND HEAT GE:NERATION'

J. K. Costain, L. D. Perry, S. Dashevsky, and B. U. Sans
. { .

Figure C-3.1 shows locations of holes drilled to date

by V?I&SU and summarizes heat. flow values in the

southeastern United Sﬁates; Table c-3.1 summarizes

geothermal gradients, thermal conductivities, and heat flow’

detefminaﬁidhs&available to date for_this contract. ‘This
table appears in each réport, beginning_with.VPI&SUfSIOS-a;
aﬁd is periodically updated as théiﬁal cqn&uééiﬁity and hgat
flow determinations are compléfed. >81igﬁt;cha;ées.in the

gradients that will appear in Table C-3.1 are the':esult of

relogging these holes as they reach thermal equilibrium.

Changes in gradients are not expected to be more than a few

percent.

" A new heat flow value determined from the temperature

log (Figure C€-3.2) and thermal conductivity data (Table

C-3.2) of hole SM1 in the Siloam granite 'is 1.53 HFU = Heat

Flow Unit - = 10-6 cal/cm2-sec). This valué”is from the

deﬁth interval 160 m to 250 m and is preferred over the
shallower intervals shown in Table 6-3.1 for thevfoilowiﬁg
reasons. o

‘Water is continuously flowing from the hole ‘at the
surface and could be entering the hole along zones 'of
alteration. The radical change in the gradient (?.83 °C/Kﬁ

to 18.88 °C/Km) at a depth of approximately 155 m (See
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Figure C-3.1. Locations of holes drilied\to date by VPIGS
T > and summarizes heat flow values.




TABLS c-3.1 SUNNARY OF HEAT PLOW DATA - ocT 1, 1978, c-3.1~-1

LOCATION LATITUDE LONGITUDE DATE HOLE DEPTH GRADIENRT3 CONDUCTIVITY> " - HEART PLOW
LOGGED - DRPTH INTERVAL (°C/Kn) (RCAL/CH-SEC-9C) (- CAL/CH2-SEC)

(RETERS) (RETERS)

LIBERTY HILL - KERSHAW
-PLUTON, LANCASTER CO., )
S.Co . . B - . .
KR3 . 38232020" 80°a8°S1"  11/18/76 271 316.6-40%.3 15,91 £0.02° (36) 7.18 £0.57 (28)+ 1.06 20,0912
334.3-3481.8 15,68 20.07 (n) 6.99 20,87 (3) 1.02 £0.07
348,3-356.98 15.06 20.07 (6) 7.09 320.58 (5)°* 1.07 0.0
359.3-369.3 14.88 £0.07 (S) 7.33 20.20 (8)* 1.09 20,04
371.68-384,3 14.85 20.06 (6) 7.07 20,28 (5)¢ 1.05 ¢0.05
386.8-301,8 15,00 20,13 (7) 6,95 £0.69 (6)* 1.08 20,11

RETON PLUTON,
FAIRFIRLD CO., S.C.

LLA) 3501081 48% 810087 4y2" /57717 574.3 242,8-571,.78 18,18 30,08 (ﬁZO) 8.06 ¢0,29 (26) 1.47 20,058

POXBORO RETAGRANITE,
PERSON CO., N.C. ‘ ‘ , '
RX1 36023% 12" 78958¢00% 5/19/77 200 - 186,8-289,3 10.83 $0.03 (92) 8.97 £0.81 (32) 0.97 1£0.051
, 146.8-168, 3 11.03 £0.06 (16) 9,08 £0.11 (15) 1,00 20,02t
219,3-231.8 10.95 $0.12 (16) B.76 £0.59 (5) 0,96 £0,081

RX2 . 360250317 79901¢53"  S,19/77 2184 109,3-209.3 11,20 £0.08 (25) 8,77 $0.85 (23)  0.98 £0.05t
o 189,3-189.3 11,30 £0.07 (17)  6.87 £0.21 (16) 1.00 $0.031 .
] , : 191.8-209.3  11.05 30.08 (8) 8.58 £0.73 (7) 0.94 +0. 081

RX3 3602539 78053942 8/7/117 211.5 136.9-199.9 ° 10.36 20,22 (1%) 6.33 £0.58 (18) 0.86 $0.088
’ 1484, 3-169.9 10.483 £0.37 (6) 8.480 20.67 (10) 0.88 20,10t
181.9-198.9 9.00 20,46 (3) 8.18 20,25 (o) 0.73 £0.06?
SLATE RELT
PERSON CO., N.C. : . e :
3B1 36%191 30" 78°50%00" 6/5/77 211. 5 81.7-209.2 11.63 20.11 (66) 8.06 20.66 (47) 0.94 +0.09t

ROLESVILLE BATHOLITH AND CASTALIA PLUTON ' e
FRANKLIN CO., N.C. : . o . -
cst 360089 15" 7890743% 2,20/78 . 210.6  142.2-209.7 19.26 20.03 (28) 7.52 £0.39 (26)  1.45. 40,0811
: : 185.0-210.0 19.06 £0.12 (27) .7.52 £0.39 (26) 1.83 +0.08?
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TABLE C-3.1

RL2
RL3
RLA
RLS
PETERSBURG GRANITE,

SUSSEX CO., VA.
PT1

PAGFLAND PLUTON,
LANCASTER CO., S.C.
PG1

LAKESIDE
CUMRERLAND CO., VA.
LK1

PEGHATITE BELT,

kAL YAR N

35057005

35083367

350590 {7n

36°89ea5n

3n0482°02"

370810259

789251 0an
789200 00"
78019°a5n

78028*54n

771019 15

80027:53"

78008152~

SOMAARY OF HEAT PLOW DATA

2/28/78
2/23/78
2/28/18

2/723/18

10721717

2717778 .

9/16/11

212.8

121.9

196.3

211.5

253.0

213.8

205.0

29.7-209.7
104.7-1248,7
192.2-209.7

42.84-129,9
42,8« 98,9
97.8-129.9

58.7-198.7
5°|7‘ 89.7
92.2"19“.7

22.3"20908
22.3~ 69.8
7203’129.8
132.3-209.8

99,7-159.7

191-2‘2“901 .

32. 5-205. 0

32.5- 15‘0‘ '

77.5-165.0
167,5-205.0

59.3-2048.3
59.3- 81.8
121.3-1088.3
164,3-204,3

18.92
17.4840
18.71

14.06
13.57
13.79

13.26
5' 23
15.448

“16.31

15.57
16,02
16.87

16.18
19.20

11.71
15.31
10.73
12.83

13.86
11.49
14.30
13.3¢

£0.07
20,18
£0.18

to.oe
+0.15
to. 'o

20.27
$0.23
+0.08

+0.03
20,22
+0.06
20.03

26;08

0,23
+0.06
+0.03

!°b°7
+0,07
20,17
$0.05

(73)
(9

(36)

(22)
()

(57
(135)
(32)

(76)
(20)
(23
(32)

(70)
(18)
(36)
(109

(58)
(10)
(10)
(m

ocT 1, 1978, C-3,1-2

7.23 20,39
7.30 20,38

7.16 20,31
- 8,03 £0.93

8.22 20,70
7.88 ¢1.08

(19)
154!
(6)

27
(12)
(15)

C

1.37 0,072

1.27 20.08t
1.34 20,072

1.13 £0. 10t
1,12 20,112
1.09 t0, 161

6.67 $0.58 (25) 1.21 0.109

6.57 £0.57

(25)

1.26 20,12t
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TABLE C-3.1

GOOCHLAND CO., VA,
PE1

CUFFYTONN
EDGRFIELD,
En1

S.C.

PALBFETTO
COWETA CO., GA
MY

SILOARM
GREENE CO., GA.
sn1 '

sn2

SPRUCE PINE
AITCHELL CO., W.C.
sp3

3794556

33055110

3302955

32027 17"

3302841

3505450

78005° 37"

82007 10"

8goyu ¢ 58n

83908'53"

8301135

82007 18"

SUMNMARY OF HEART FLOW DATA

97217717

6/10/78

6/11/78

6,/10/78

6,/10/78

5/19/76

200.0

2945.0

208,.3

2106.0

210.0

1220.0

41.8-201.8
4t%.68~ 59.3
116.8-194,.3

62.5-290.0
62.5-175.0
177.5-290.0

30.0-208.3
30,.0- 82.5
85.0-‘6000
162.5-208.3

27.5-207.0
27-5' 55.0
57.5-110.0
112,5-120.0
122.5-157.5
160.0~-205.0

21.5'2‘0.0

209.1-1059.1
209.'- 5‘9.1
538.1- 849.1
849,1-1059.1

13.27
8.39
15.80

16.55
18,29
17.59

14.608
16.7%
1“.“'
16.9“

18,52
12.15
13.62
26.40

7.83
16.88

18.27

14,85
‘6}39
1,72

9.36

£0. 15
+0.27
£0.09

20.10
t0.16
+0.0%

0,08
0,38
$0.74
to.os

£0.12
+1.20
*0.03
£1.38
10,21
£0.08

$0.08.

$0.1)
$0,03
£0.04
£0.07

(63)
(3

(92
(46)
(46)

(73)
(22)
(31
(20)

(73
(12
(22)
(1)

(13

(19)

()

(89)
(32)
(3%
(19

6,37
7.22
6,30

8.19
8.22
8.20
8.00
8,31
8. N

6.62

6.72

6.38
6.78

oCcT t, 1978, C-3.3-3

¢0.99 (80)
+0.38 (3)
£0.98 (37)

+0.5% (26)

£0.51 (6)

£0.72(11)
£0. 28 (2)
+0.23(8)
20,86 (5)

+1.19 (88)
£1.51 (35)
+0.97 (36)
£0.9% (32)

0.85 20,181
0.61 $¢0.051
0.97 $0, 161

t.19 $£0.09
1.00 20.17
1.12 20.1%
2.11 $0.18
0.65 $0.04
1.53 20.09

0.9610, 18?

1.10 20.258
0.98 .20, 158
0.63 20.09?

N
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TABLE C-3.1 ' - SUNNARY OF HEAT FLOW DATA
STATE PARN .
GOOCHLAND CO., VA. - :
SF1 37040°01" 77°48°06": 5/22/178 207.5 27.5-107.5
N 32.5-100.0

PHELPS DODGE
DAVIDSON CO., N.C. ,
PD1 350420287 80°02° 19" 3/20/78 - 630.0

THERMAL CONDUCTIVITY VALUES FRON 1.270 CH THICK SARPLES
GRADIENT FRON THE SEDIMENTARY COVER OF THE PLUTON
GRADIENT FROM RITHIN THE PLUTON

NANE -
LI T I A |

102.5-207.5

50.0-630.0
250, 0-550.0

15.03 £0.10 (72)
15.50 $0.11 (28)
15.10 £0.30 (42)

13.58 $£0.05(117)
18,11 £0,07 (61)

IRDICATES HEAT FLOW VALUE IS THE PRODUCT OF A MEAR GRADIENT ABD A REAN TH!&HAL CONDUCTIVIT!
YALUE INR. PARENTHESES IS.THE NUNMBER. OF TEMPERATURE POINTS OR THB NUNBER OP'THBRHAL CONDUCTIVITY 'ALUBS

ocT 1,

1978, C~3,1-4
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DEPTH BELOW SURFACE, M

(&)
o

100

150

200

GRADIENT, °C/Km

o) 30 60
T 1 )
SMI
- GREENE COUNTY, GA.
JUNE 10, 1978
| i | 1

18 19 , 20 21 =
TEMPERATURE, °C -
Figure C-3.2. New heat flow value of Hole SM1 in the Siloam granite. >
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TABLE C-3.2 , ; c-3.2-1
.THERMAL CONDUCTIVITY VALUES ‘FROM CORE OF DRILL HOLE SMI1
(SAMPLES ARE .2.680 CM IN:DIAMETER BY 1.270 CM THICK)
SAMPLE 'DEPTH THERMAL CONDUCTIVITY

NAME (METERS) MCAL/CM-SEC-°C

SM1-97 . 29.6 8.24
SM1-105 .Y 32,0 8.64
SM1-113 34.6 8.00
SM1-121 36.8 10.29
- SM1-144 43,9 ' 8.77
SM1-167 51.0 8.29
SM1-183 - © 55,7 7.34
SM1-207 63.0 8.48
SM1-214 : - 65.2 8.34
-~ SM1-222 67.6 8.04
SM1-230 ; 69.9 7.30
SM1-243 . S 74.2 8.77
SM1-284 . 86.6 '8.46
sM1-309 = - 94.0 8.53
SM1-331 o 100.7 6.68
SM1-339 . 103.2. 8.40
SM1-362 . 11003 1 9.36
SM1-370 112.6 7.83
SM1-385 11704 8.17
SM1-440 . '134.0 8.35
SM1-463 HEEEEEEEE 13 B 7.97
SM1-502 - 153.0 8.44
SM1-510- - - 155.4 8.47
SM1-564 : - 172.0 5.47
SM1-588 17901 - 8.37
SM1-618 - 188.5 8.06
sM1-627. - 191.0 8.66
SM1-635 - 193.4 7.42
sM1-642 195.7 8.05
‘Mean. . "~ o 8.12

' Standard Deviation = o 0.73

i1
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Figure C-3.2) is associated with one of these zones. The
. change in gradient is not related to a change idithermal

conductivity. Also, there is a second altered zone at a

depth of 122.5 - 125(9'mjc6rfESPQndiﬁg to anothgf'rédical'

change in the grédignt (26.40 A°C/Km to 7.83 °C/Km). 1If
water enters the hole frém;fhe:altéred zone at 155=m, flows
up the hole, and exits by the altered zone at 12?1@, then
the gradient would be 1low »bé:ﬁeen 122 m and 155 m as
observed. Bringing Qarm wﬁter‘uﬁ the‘holé would,ai§; raise
the gradient in the ‘inte:vél immediately above —i22 :m as
observed. The chang; in the“éradient ffoﬁhl3.6i‘éC/Km to
26.40 °C/Km is not accounted for in this model but?qould be
related to a similar effeéél Théffacf that water is flowing
at the surface,precludes the determinations of aTreligble
gradient from intervals above. the altered zones. The
interval below 155 meters i§ considered to be unéffeéted
because of the lack of no%se in the gradient. t

Heat generation  data for»~the same hole is given in
‘Table C-3.3. |

The heat flow at the Siloam, GA site is the highest
value we have encountered to date in the Piedmont in the
southeastern United Staté;., Aséuhing r;cks pf simiiér heat
generation are concealed'beneath sediments of the Atlantic
Coastal Plain, and assumigg the linear relatiqnship between
heat flow and heat generation determined to date in the

southeastern United States, geothermél gradients of 45 °C/Km




TABLE C-3.3 : HEAT GBNEBAfION~DATA'PROH CORE OF DRILL ROLE SnY

: SANPLE NO. DENSITY, - URANIUN  THORIUN POTASSIUN RATIO, © A X _.10—3
" LOCATION : DEPTH(Y) Gn/cny - - (u) ,PPR (TH) , PPN x).% TH/U . CAL/CH3=-SEC

- - C=3.3-1
" HEAT GENERATION,

E A3 1 % 1 =========3‘8=========8::38‘.‘=32='3232i=====’8.3"’.’..8:.82..‘: FREELTTTIRRRTTRRTIE t 1 1 11

STLOAM-1 GA SN1-032 ‘ 2.63 13.3

90“ "201 307 5.5 . .
SILOAN-1. . GA SM1-087 2.65 8.2 - 40.4 a.1 5.9 - 12.4
STLOAN-Y - - GA Sn1-065 - 2.63 8.7 38.3 3.6 5.8 12.2
SILOAN-1 - GA SH1-077 2.63 ‘7.2 . -36.2 4.3 5.0 1.1
STLOAN-1 . GA Sn1-093 2.66 8.7 42.8 . 4.5 8,9 13,2
SILOAM-1 GA SM1-099 . . 2,64 T8 ©.39.2 h.1 5.3 . 11.6
SILOAM=-Y - . . GA SH1-105 .. . 2.63 6.1 " 25.9 .8.8 8.3 - o 8e87
SILOAN-1 - GA SH1-118 . 2.85 5.8 36.2 - 8,1 6.6 10.1. "
SILOAN-1 GA Sm1-120 . 2.64 7.5 45.2 8.8 6.0 - 2.8 -
SILoam-t - - GA SM1-129 . 2,66 - 5,1 33.8 3.9 6.7 c 9.8
STLOAN-1 GA SE1-135 D 2467 77 8,6 38,2 3.9 7.5 . 292 o
STLOAM~-1 - GA sS#t-181 .- 2.66 - - 8.8 29.8 8,2 6.8 AL L IS
_'SILOAM-1 . v , GA SM1-151- = 2,6% 6.9 Su1,7 4,0° 60 11.8

STLOAN-1 ‘ GA Sn1-160 - 2466 5,6 3a9.8" 3.8 7.1 - 10.7
STLOAN-1 . . - GA SH1-166 T2.66 0 9.8 . 31,3 5.0 3.3 - 1.9
SILOAN~1 ) GA SHI-171- .. 2,68 = 22.,2% ‘80.2% 3.8 3,6 27,8
SILOAN-Y . : GA SBt1«181 i 2.64 6.0 - . 36.9 - 3.8 6.2 10.9.

- sILORM-1 . - a GA SM1-190 T 2:67 8.8 3849 3,7 8.1 10,1

L, sILoam-1 GA SM1-199 - 2.66 Y N a3.5% 3.6 . 5.8 12.8 -
fzan valuzs .o 2 T 2.65 07 6.8 -37.6.; 8.0°- 5.6 - R A0S
'Standard Aeviations - o L0402 - 1.7 -4 T0.8 1.3 - 1.5
%, ...valu> onitted from mean. - - : S o o -

1£-0 F9vd
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~should be found in sediments of thé«Aglantic COaéta1 f1ain
if a thermal conductivity of 4 x 10-3 cal/cﬁ4°c-;ec is
assumed for the sediments and if ajhea: genergtioq‘ofils HGU
is assumed in basement rocks. G;édiehts,of,455fﬁlkﬁ are
also cqnsistént‘with a sedimeﬁt thermal cénductiyiﬁi éf 3.5
x 10-3 cal/cm-°C-sec apdAa basement heét,gggeratipnﬁbf 12
HGU. These theoretical predictions are pbn#iéténﬁ ‘with
values of the .geothermal g;aqiént,npwrbeing d?FQTMfﬁQd in
Coastal . Plain sediments and dﬁscribed elsewhere Aiﬁi:this

progress report.
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" "LINEAR RELATIONSHIP BETWEEN HEAT FLOW
AND HEAT GENERATION' '

J. K. Costain and L. D.'Pe%ry'

Figure C-4.1 shows the relationship between heat flow
and heat generation for all holes available to date in the
southeastern United States. Table C-4.1 summarizes heat
flow and heat ‘generation® values ~“used 'in “the linear
relatioﬁship}"'With the‘.eXCéption‘ of values derived 'from
plutonié rocks with a large | geoéraphic outcrop
(Cahtalia/Roiesville batholith and Petersburg batholith) all
of the Qalues define a linear ré}ationship of the form:

Q= 0.65 + 7.9A
(regression coefficient = 0.996)

The addition of values (Q = 1.53, A = 11.1) from hole
SM1 in the Siloam granite provides much needed confirmation
of the linear relation in the region above q = 1.13 and A =
6.0. Heretofore, only the value for hole WNl was available
iﬁ this»regidn.

| Preliminary heat generaﬁion valﬁes of 11 HGU (HGU =
heat generafionvunit = 10-13 cal/cm3—sec) and 12 HGU for the
: ;écond -‘siloam hole ana the Cuffytown Creek ~ hole,
respectively will provide additional values in this region
vhen thefmal conductivity studies are completed.

it is noteworthy that an excellent linear relationship

between heat flow and heat generation has now been




HEAT FLOW, q (xI0®CAL /CM? - SEC)
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RX2 KR3 105 54
WNI 147 102
RXI 098 4.2
RX2 0.97 40
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q=q*+ DA SMI 1.53 109
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2 4 6 ' 8 10

HEAT GENERATION, A (x 107" CAL/CM?

Figure C-4.1. Relationship between heat flow and heat
generation for all holes available to date in the south-
eastern United States. ‘
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TABLE C-4.1%

AFAT PLOW (q) AND HEAT PRODUCTION (A) YALUES FROM PLUTONS OF THE SOUTHPASTERN UNITED STATES

LOCATYION = LATITUDE .- LORGITUDE Q, CAL/CN2-SECx10—¢

LIRPRTY HILL-KERSHAW PLUTOR, LANCASTER CO., S.C.

KR3 3g032¢20" soonge S ’ 1.05
RION PLUTON, FAIRFIELD CO., S.C. )
W 3noqgeage 8100842 1.47
ROYBORO NMETAGRANITE, PERSOR CO., N.C.
RX 1 360230 12" 780581000 0.98
RX2 - 32025031n . - 7900153 0.97
rX3 320250 39w 78053420 0. 86
SLATE BELT, PERSON CO., M.C,. :
- SBY o 36019140" 789500 00" 0.94
ROLESVIILE BATHOLITH AND CASTALIA PLUTON (CS1), PRANKLIN CO., N.C.
cst 360048 15% 7800743 1.48
PL2 : 36%87+28" 78025704 1.30

PETERSRURG GRANITE, SUSSEX CO., fl.
PTY 3694945 77019015 1.25

SILOAM GRANITE, GREENE CO., GA. B ‘
sne 32027017 83008753 1.53

A, CAL/CH3-SECX10-13

6.1

1.1

§¢-D H9vd
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established for the smaller, pdét- and pre-metamorphic
- plutons in the southeastern United States. To date, the
only values we have that .do not fall on the. linear
relationship |
Q = 0.65 + 7.9A

are near or in the larger syntectonic plutonic complexes
such as ‘the Rolesville batﬁolith (RL2), Castalia pluton
(cs1), and Petersburg batholith (PTL). We continue to
prefer the interpretation that D is related to the thickness
of a layer of heat-producing eléments rather than to a

logarithmic decrement.
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