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ABSTRACT _

The objective of this program is to develop and apply
targeting procedures for the evaluation of low-temperature

geothermal resources in the . eastern United States utilizing

geological, geochemical, and geophysical - data. Primary

prcgrammatic .. emphasis  is = pov . being placed on the
cenfirmation of radiogenic resources beneath sediments of
the Atlantic Coastal Plain. Geothermal gradiemts krown to
date in the Atlantic Coastal Plain are consistent with those
to be expected from concealed radiogenic sources. Collation
of existing gravity and‘gagneti¢ ,ﬁaia available for the
Atlantic Coastal _Plain has been completed and wmodeling of
selected negative gravity anomalies of the Cuffytown Creek
1Edgefigld)Tplutog,»HS,C.,_the,‘Rolesville batholith, N.C.,
and the Petersburg granite, Va. are in progress. The study
of the. Cuffytown Creek .granite is almost:complete. Maps
showing.the distribution of gravity stations for the states
of Géorgia,M”South Carolina, and Nerth cCarolina have been
prepared. A ‘reconpaisSange‘geploginmap is being prepared
of the,aaieighjbelt;aﬁdféarplina slate. belt rocks bournded by
the Du:hapfﬂadg§bpro,_Triassiq;basin on the west, Atlantic
Ccastal Plain sediments on the east, latitude 35015','and
the North Carolina-virginia border. ‘The pucrpecse of this
study is to determine the relationship of the Rolesville
tatholith to the surrounding country rocks, and to provide a

geologic base for the geophysical interpretation of Piedmont




stratigraphy underlying Atlantic Coastal Plain sediments to
the east. Whole rock chemistry shows that the gabbroic
plutcns of the southeastern U.S. bare alkaline gabbro-
diroite-syenite complexes and subalkaline gabbro/gabbro-
norite complexes. Heat generation values of 1.2-1.8 HGU
measured for the Concord syenite and Mt. Carmel syenite
(part of an older magma series approximately 400 m.y.o0.)
indicate that differentiation alone is insufficient to
explain high heat generation. The ccmposition of the parernt
magma is a critical factor. The Siloam pluton, Greene Co.;
Ga., is a coarse-grained, late Paleozoic pluton selected for
study because of high heat-generation values obtained in
reconnaissance sampling., Field work demonstrates that the
Siloam is similar to the other post-metamorphic plutons of
the southeast; however, the heat generation is approximately
twice the value for other coarse-grained granites in the
southeast. Chemical analyses of thé Petersburg batholith,
Va., indicate that the major-element chemistry resembles
post closely the Liberty Hill, sS.C., fine-grained amnd
Rolesville, N.C., surface samples; hovever, the average U
content of the Petersburg surface samples ' is considerably

higher than that from the surface of any other pluton.




INTRODUCTION AND OVERVIEW

;Although;the~reiatively»stable tectonic setting of the
eastern United States - seems to rule out the possible
occurrence of conventional, high-temperature hydrothermal
resources,,'the, region does- contain . gecthermal resources
which -are being developed now, or which may be exploited in
the future,,ﬁﬂthe geothermal resources anticipated will be
lcw- to moderate-temperature fluids that are best suited for
direct heat applications.

-The near-tern reSource assessment in the eastern United.
States . .. places prima:y;tiproqranmatic emphasis on  the
ccofirmation of radiogeric resources in the Atlanmtic cCoastal
Plain. -~ This emphasis is based on the partial confirmation
of 'the .radiogenic ,modell,as;f‘described in DOE Reports
VPIESU-5103-4 and --5. Concurrent studies at VPI&SU, because
of fheir;gquraphic proximityxtc the Atlantic Coastal Plain,
also,bea:r;directly'on the assessment  of ‘cther geothermal
resource . types . Jsee5VBISSU-51Q3éSj,, The - utilization of
certain -types  of :geotherhal ,;régoutces :ié» the east,
specifically,t@e‘hOtédry-rock,and ncrual gradiemt resources,
may~§eldepen§ent - on itechnological advances before they can
be economically .:developed;f,but -an  assessment  of the
geothermal pbtentia1 gof; these resources :cannot be -made
without a reliable data base..

'ABecausét it - is not economically feasible to select

drilling sites on the  Atlantic Coastal. Plain without




geophysical and geological models, it is advisable to base
the develcpment of these models on a substantial and
accurate data base which can be partially -derived from the
exposed rocks of the Piedmont and enhanced by -basement
studies beneath the Atlantic Coastal Plain.

~We emphasize the importance- of understanding the
geologic framework since it is this framework that controls
the occurrence and distribution of geothermal resources.

© Site-specific gravity surveys of the ' Atlantic Coastal
Plain are now in progress by VPI§SU. Results of detailed
gravity surveys in the Piedmont and -the mbdeling ~of
potential field data are given in this report. Preliminary
studies indicate that the density contrast fer plutonic’
rocks in. the Piedmont is in the range of -0.15 to -0.25
gm/cc. ' These studies will help to define the shape and
geologic framework of radiogenic sources concealed beneath
the sediments of the Atlantic Coastal Plain. Maps 'showing

the distribution of gravity stations in the states of

Georgia, South Carolina, North Carolina, Vvirginia, Delaware,

Maryland, and New Jersey -are being-  prepared. Station

distribution maps for Georgia, South .Carolina, and North
Carolina are given in this report and wvill be updated in :
subsequent reports as additional ~ and new data become
available. Included in this repcriz are tabulated values of
new gravity data obtained by VPIESU.

A reconnaissance geologic map of portions of the

Raleigh belt and Carolina slate belt, and structural mapping




of the Rolesville batholith wvill provide a geologic base for
the>geophysical intetpretation of basement rocks beneath the
sgdigegts of -the Atlantic Coastal Plain. Additiopal studies
inftpg_?ieémopt continue to contribute to our understanding
of tke struc;ura;, ;nﬁ, pétrologic setting of the 1late
Paleozoic plutons. | e

Easement core was obtained from a hole in the»Cogstal
QLain?gfﬂgeopg§a  in H;yneicopnty,v Total depth of the hole
i;s !3327@, 'Tygileést7§quq;es_ geothermal‘g:adient over the
inte;val_i‘¢7-!§§8 .m- Q;s :29.3. ¢ 0.174°C/knm. Thermal
conductivity = .and ; heat generation = determinations,
pettogfaphy.‘and geoéh;ogq;ogy of the basement core are in

progress.

o
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RESEARCH OBJECTIVES

The objective of this research is to develop and apply
targeting procedures for the evaluation of low-temperature
radiogehically-derived geothermal resources in the eastern
United States utilizing geological, geochemicai, ard
geophysical data.

The cptimum sites for geothérwal developmentlin' £He
tectcnically-stable Eastern United States will probably‘bé
associated with areas of relatively high heat ‘flow derived
from crustal igneous rocks containing relatively high
concentrations of radiogenic heat-producing’ elements. The
storage of ccmmercially-exploitable geothermal heat at
accessible depths (1-3 kmr) will also require favorable
reservoir conditions in rocks overlying a radiogenic heat
source. In order to systematically iocate these sites, a
methodclogy employing geological, geochemical, and
geophysical propspecting techniques is being developed and
applied. The distribution cf radiogenic sources within the
igneous rccks of various ages and magma types will be
determined by a correlation betveen radioelement composition
and the bulk chemistry of the rock. Surface sampling and
measurement of the radiogenic heat-producing elements are
known tc be unreliable as they are preferentially removed by
ground-water circiulation and weathering. The correlation
betueen the bulk chemnistry of the rock (which can be

neasured reliably from surface samples) and radiogenic heat
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generation 1is being .calibrated by detailed studies at a
number of locations .in the eastern United States.

Initial studies are developing a methodology for the
locaticn of radiogenic heat sources buried beneath the
insulating sedimentary rocks of the Atlantic Coastal Plain.
Chcice of a drill site iﬁf the Atlantic éoastal Plain with a
high geothermal resource éotentialkdepéhds on favorable:

(1)»concentration of radiogenic elements in

| ”érénitié réék§n4 beneéth:. a sédimeﬁtary
insulator; V | ‘ ﬁ
{2) thermal conductivity of the sedimentary
inSﬁlatoé; o
(3) thickness of gﬁé sédimentatf ihsulator;vand
(u)~reservoirf' céhaitidns : ih - the peimeable
sedimentaryL rocks ovérlying’ the :adiogeﬁic
heat source, -
Becauée it is not economically feasible to select drilling
sites on the Atlantic Coastal Plain without geophysical and
geological models, it is advisable tokbase  the development
| of these models on gA suhstantia1 andk acéurate data base
which can be partially deriveq;from the,exposed rocgs 6f the
Piedmcnt and enhanced ,byx Bgseﬁent; stpdiésk'benéath the

Atlantic Coastal Plain.-
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OPERATIONS

During the last three mcnths, from 10/1/77 to:-12/31/77,
16 man-weeks were spent on - fieldwork, "The following is a
listing of man-days of fieldwork in: each area, and the

nunber of samples collected.

Samples for

Chemistry
and Heat Total
Area of Pluton Man-Days Production Samples

Rolesville-Raleigh belt-
slate belt, N.C. 25 - 73
Lilesville, N.C. 10 - 15
¥innsboro, S.C. 3 - 7
Cuffytcwn Creek
Dutchmans Creek, S.C. 2 - 19
Palmettc, Ga. 14 11 39
Siloam, Ga. 18 18 41
banburg, Ga. 1 1 5

Drill hole sites were located in the Siloam (2) arnd
Palmetto (1) plutons, Drilling of the Pageland hole was
completed at about 690 feet, and the Cuffytown Creek drill

hole was begun and since completed at 964 feet,
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RECONNAISSANCE LITHOLOGY AND STRUCTURE OF THE
SOUTHERN RALEIGH BELT AND ADJACENT CAROLINA SLATE BELT,
NORTH CAROLINA

Stevart S. Farrar

5) reconnaissance map is béing produced of the Raleigh
v bé1t'énd7Caro1ina slate belt rocks bcunded by the Durham-
1§adesbo£qptriassic basin on the west, Atlantic Coastal Plain
éedimenis_:éﬁgﬂﬁhe east, latitudé 35915%, and <the North
Cafblina-ﬁiréihié bcrdgr. This progress repcrt covers the
'paﬁflﬁf tﬁigt;éneéfﬁgfggénﬁlatitudes 35915' and 36° (Figure
A1);”5 LTI TS S ~

Thé «gurposes'ﬁOf 'this.'stﬁdf are .to determine the
relationshié:dg”ghe.Rélgsville batholith tc¢ the surrounding
country rd&iﬁfandﬁ'to pﬁovidé. é geologic base for the
geophysical "~i§£épgretat1053  9£~ Piédmoﬁt stratigraphy

underlyina Atlantic EOaéial‘Plain sediments to the east.
Previous Work

Farke: (1968)‘qave‘a brief summary of the structure and
stratiétaphy of this érea; In addition, a number of theses
ai North Carolina State University, Raleigh, and the
University of - Notth»Cafolina, Chapel Hill, cover parts of

this area (Carpenter, 1970; Cook, 1972; Dickey, ,

Farqnhar,v1952;fFpr;sd§,€1358:~Glbver; 1963; Juli. = 1972).




..... 5 A 5. Figure A2

SOMILES
4] SOKILOMETERS

Pigure A1, Generalized geology of  the southern '
Appalachians modified by L. Glover III from Fisher and &EJ
others (1970) .
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Petrcgraphy, chemistry and geophysical investigations
of the Rolesville batholith rocks, and"a'brief discussion of
the»surrounding countty rocké havé been?previously‘presented

in pyégress'repo:ts (YPISSU-5103-3, 5103~-4, 5103-5).
~Lithologies

Abb:e#iations given in parentheses refer to map units
in Pigure A2,

Rolesville Batholith ' -

" The  Rolesville *batholith, ‘;inCIudiné its various
phases--Rolesville _main phase - (Rmp), ‘Archers- Lodge:
porphyritic phase (App), Loui;butg ﬁiuton( ahd Castalia
plutcn ; (Cp)f:néfé‘ i descfibed‘. in i Prbgfess Report -
VEISSU¥S103-3. waeSCtiptidné 'of'pthese todies . are not
elatorated on here except to differentiate,A tb§;der phase
alcng pé:t of thé*-wééférj contact of the ;Rq1e%;i11e main
phase. The Rolesville maiﬂ’pﬁése ,ijp)‘conSisis of nediunm-
to coarsg-g;éinedrbiqtite ,granite,;vith a veak #o moderate
biotite foliation parallellto veryr wveak alignmént of K-
feldspar crfstals;:f The ﬁélegviiie ,Jborder-'phise (Rbp)
consists of typical Rolesville main pﬁése biotite granite,
but contains majo:“infblded‘lﬁygrs and xenoliths of the
strongly layered biotite-hornblende gdeiss which is in

contact with the Rolesville batholith in this area.
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Explanation

Triassic rocks of the Durham-Deep River-Wadesboro basin
Sims pluton. Medium-grained, post-tectonic-biotite granite

Castalia pluton. Medium-grained, post-tectonic biotite
granite

Rolesville batholith. Rolesville main phase (Rmp) - medium-
grained, syntectonic, biotite granite; Rolesville border
phase (Rbp) - Rolesville main phase- with very plentiful xeno-
liths of adjacent country rock; Archers Lodge porphyritic
phase (App) - very coarse-graxned K-feldspar porphyritic
biotite granite

Unnamed, small plutons of medium-grained biotite granite-
granitic gneiss

Metavolcanics undivided. Greenschist facies metamorphosed

‘mafic and felsic flows, pyroclastics, and minor assoczated

metasiltstone and phyllite ) :

Felsic metavolcanics. Greenschist and lower amphlbollte
grade metamorphosed crystal and lithic tuffs, minor devi-
trified obsidian, and near surface porphyritic felsic intru-
sives. Unit includes minor mafic metavolcanics and phyllites

Mafic metavolcanics. 4Greenschist grade metamorphosed basaltic
flows, now greenstone, some with quartz-epidote amygdules;
includes some interlayered felsic metavolcanics and phyllite

Chlorite-muscovite-quartz phyllite

Interlayered chlorite-muscovite-quartz phyllite and muscovite-
chlorite-albite-quartz metasiltstone

Quartz-epidote-chlorite-plagioclase-hornblende metagabbro
(am,); quartz-epldote-chlorzte-plagloclase-hornblende amphi-
bol}te, probably metavolcanic (am2

Biotite-garnet-quartz-muscovite schist

ont1te-garnet-quartz-muscovxte schist ¢+ staurollfe, kyanite;
garnet-staurol1te-graph1te-quart’-muscov;te schist; biotite-
muscovite quartzite; and muscovxte-plagxoclaae-quar?' gneiss

Muscovite-kyanite quartzite

Nuartz-muscovite schist, and muscovite-quartz-plagioclase
microgneiss; includes some felsic metavolcanics

Biotite-hornblende-microcline-quartz-plagioclase meta-
granodiorite

ane-gralﬂed bzotlte-opaque-plagxoclase-quartz-mxcroclxne
leucogneiss; includes 10-15 percent hornblende-plagioclase
amphibolite

Biotite-hornblende-microcline-quartz plagloclase gneiss,
layered; includes numerous, small quartz-plagioclase-

‘microcline pegmatites, and minor lenses of Rolesville biotite

granite

Triassic fault
Approximate contact from field data
Approximaze contact from aeromagnetic data

Contact querried where very speculative

Figure A2-~-(facing page). Lithologic sap of the
southern Raleigh belt and adjacent Carolina slate belt,

North Carolina.

o
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A revised interpretation of the structure of the
Rolesville batholith can be fcund in the structure section

of this refort,
’Biotite+hornblende-microcline-quartz plagicclase gneiss (bhg)

Biotite-hcrnblende gneiss comprises a unit along tte
western side of the Rolesville batholitﬁ (Figure A2). 1It
consists of altermating biotite bearing leuc0cratic layers
{C.I. 2-5) and more mafic biotite-hc;ﬁblende beéfing layers
(C.I. 10-15).

The major mineral constituents are guartz, perthitic
micrcclipe, unzoned plagioclase (An18-22) with albite rims,
and bioctite (pleochroic dark brown to light tan). Accessory
minerals are opague oxide, zirccn, and apatite. HMore mafic
bands ccntain titanite and hornblende (pleochroic X = pale
yellcw-brown, Y = dark yellow-green, 2Z = bLlue-green).
Chlorite, hematite, and muscovite are retrograde minerals
which, in some <cases, form a weak foliation cutting acfoss

clder kiotite-hornblende mineral orientation and layering.

This unit also contains numerous thin hornblende-

plagicclase amphibolite layers. Small quartz-plagicclase-
micrccline pegmatites are alsc common in this unit. The
contact with the Rolesville granite is complex, with lenses
of grarite in the gneiss, and xenoliths of gneiss - in the
granite. This complexity resulted in the nmapping of the

Rolesville border phase (Rbp) described above. At 1least

&if
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part of the complexity of this contact results from post-

intrusive folding of the contact.

(Biotite)-opaque,oxide-plaqiqclase-gnattz-microcline

leucogneiss (1lgn)-

~This is a fine-grained, light .tan to white leucogneiss
(C.I. 1-3). It forms a near-vertical, 1.0—1;5 km thick
upit.vwhich is continuous. along strike for at least 40 knm
(FigurefAZ). . Very weak layering, formed by concentrations
of quartz and .very minor: biotite, shows tight to isoclinal
minor . folds, The axes of  these folds, and the parallel
concentration of oxides cause a . very strong lineation which
isf¢haracteristic,of;this,,unit. .Several saprolite outcrops
of hornblende-plagioclase amphibolite occur in this area,
suggestinq;that'as much as 10~-15 percent of this unit may be
arphibolite.. !
,;;.This-rock;unit,‘is associated with a distinct magnetic
bighfoﬁ,tﬁe agronagnetickmap -0f this regiop (Raleigk Sheet,
0. Sgiséolpgicalisnrvey. 1976);f This magnetic lineament wvas

useful in joining exposures into a continuous map unit.
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Metapelite, feldspathic metaquartzite, quartzose gneiss (qt-

gms)

This unit consists of (1) kyanite-staurolite-garnet-
muscovite-biotite-quartz schist; (2) garnet-staurclite-
graphite-quartz-muscovite schist; (3) (biotite)-muscovite
quartzite; and  (4) (biotite)-mnscovite;fiégioclasééquartz
gneiss. These rock types are interlayered and complexly
folded in a unit exposed for a width of up to 10 k= and a
length of at least 50 km. There are good exposures of these
rock types along Crabtree Creek and U.S. 70 west of Raleigh.
This area was described in scme detéil by Fortson (1958),
and Broadhurst and Parker (1959).

The assemblage kyanite-staurolite-garnet-muscovite-bio-
tite-quartz has been found only in the eastern edge of this
unit, on the northwest outskirts of Raleigh. However, the
assemblage without kyanite occurs in a schistose layer 5 knm
farther vest. The assempblage kyanite-garnet-biotite-
muscovite-plagioclase-quartz occurs within this map upit'and
the gms map unit at least as: far south as - 7 km ncrth of
Lillington. It may extend farther, but fresh samples for
petrcgraphy have not been obtained farther south.

The asserblage garnet-staurolite-graphite-quartz-nus-
covite occurs in a sequence of graphitic layers which are
found in a band approximately 1.5 km west of the 1lgn map

unit. The irdividual graphitic layers are usually c¢n the
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order of 1-5 m thick and the vgrouﬁ can. be traced along
strike about . 25 km, Another graphitic layer 4 km farther
‘uest»has;, been .. traced southeast  into the phyllite-
metasiltstone unit (ph-mst, Figure A2) - (mapping by Parker,
in Wilscn and cCarpenter, 1S975). s mapped, by Parker, this
indicates that at 1least part of map unit - gt-gms is the
higher wetamorphic grade equivalent of unit ph-mst.

A subordinate;‘ but ccmmon, rock type is <chlorite-
biotite-muscovite quartzite which is, at 1least in part, the
:etrograde:eqnivalent,of,the3higher grade assemblages above,
but for the most part is-much richer.in quartz.

The fourth important rock type is . (bictite)-muscovite-
plagioclase-quartz gneiss.  Where least deformed, this rock
type has;telictf;plagiociase rhenocrysts(?) which suggest
that it. is a- highly recrystallized felsic volcanic unit.
This could be equivalenf of the felsic volcanic units to the
south and southeast #hich have better preserved textures at

lcver metamorphic grade.:
_Qua:ti-muscbvitewschist and felsic microgneiss (ms)

This is ‘éAVeryiappo:lj exposed unit vhich is usually
found as'huscovite?sghiSthsaprolite. ~ Rare fresh samples of
tte schist havé the'xfassemblaqef garnet-ragnetite-guartz-
muscovite, with or vithout mino:> éhlorite and biotite. The

upit also includes at least 20 percent muscovite-guartz-
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plagioclase microgneiss, - ‘and minor epidote-quartz- (actino-
' lite)~-hornblende-plagioclase amphibolite. Lesser deformed
portions of the microgneiss have well-preserved plagioclase
phenocrysts in a fine-grained wmuscovite-quartz-plagicclase
groundmass--suggesting that the microgneiss as a wvhole may

be recrystallized felsic volcanics. - : Lo L
Anphibclite (am)

There are two textural varieties of amphibolite in this
area. Am1, wvest of Raleigh (Figure 42), is a chlorite-
epidote-quartz plagioclase-hornblende ~  amphibolite.
Chlcrite-egidote~gquartz is concentrated along a late,
poorly~-developed foliation. " Ondeformed volumes  of
plagioclase-hornblende have a relict texture shcwn by
concentrations of fine, dusty, opaque inclusioans. The
inclusions are believed to have formed in clinopyroxene
which has since reacted with much of the plagioclase to fore
hornblende. The relict subophitic texture shown by thke
dusty inclusion distribution indicates that this was a
gabbroic intrusion.

Am2 has essentially ' the  'sare nineralogy as
an1--chlorite-epidote-guartz-plagioclase-hornblende
(actinclite). However, it has 'no relict igneous texture,
and the minor opagque oxide occurs as larger grains than the

dusty inclusicns of amt.  This asphibolite is. found

C
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interlayered - ‘with felsic volcanic rocks, presenting the
9]

strong possibility that it is a metabasalt.
Metavclcanics (nfv, mmv, mv)

-The ‘southern <and eastern portions of the mapped area
consist dominantly  of ‘greenschist facies petavolcanics and
nctasediments. ‘Areas -of dcminantly metavolcanic rocks are
shcwn ‘as felsic metavolcanics (mfv), mafic metavolcanics
(zmv), ‘and undivided metavolcanics (mv) (Figure A2}.
Particularly ir :the extreme south and east, exposures are
very sparse, occurring only vhere * pajor streams cut through
overlying Coastal Plain deposits.  These few - outcrops are
joinad into major map units;»throngh the use of aetonaqnetic
ancmalies (Raleigh - Sheet, U. S. Geological Survey, 1976).
Bcth - felsic and wmafic wmetavolcanics are associated with
:magnetic highs ‘relative to- surrounding metasediments, the
‘mafic: generally ‘having ' higher anomalies than the felsic
rocks.

. " The'mafic metavolcanics are 'particularly 'vell”exposed
along ‘minor ‘tributaries of the Tar River 5 km south of
Springéﬂoﬁe?(rigure 'A2). It is a fine-grained, green-grey
to greenu”tgreenStoﬁél- with . elliptical gquartz = blobs
(amygdules?) ‘in’ some layers. ' Mineralogically, it is a
ncnotCnousr 'assehblagé" of opaque-quartz-albite-epidote.

Texturally, ' thin  sections are uninformative, since the
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dominant rzineral--epidote--retains relict = textures very
poorly.

Felsic metavolcanics are the most resistant and best
exposed of the greenschist facies rock types. Pyroclastic
deposits are exposed adjacent to the greenstones along the
Tar River south of Sgring Hope. Crystal - and  1lithic
fragments up to 4-5 cm in diameter are commom - in . the
tuffaceous rock. A 1 m» thick volcanic conglorerate with
rounded felsic cobbles 8-10 cm in diameter is exposed in
this sequence. At the Princeton I and Princeten II Nello
Teer quarries 16 km east of Smithfield, a major porphyritic
felsic retavolcanic unit is exposed. Most of the Princeton
II quarry consists of probable crystal tuffs. The rock
consists c¢f plagioclase phenocrysts in a fine~-graired
epidote-muscovite-quartz-albite groundemass. The Princeton I
quarry has several textural varieties, including (1) 1lithic,
crystal tuffs with scattered lapilli 2-% cm in diameter; (2)
crystal tuff similar to Princeton II Trocks; (3) prcbhable
devitrifi2d glass--extremely fine grained, thin layered,
epidote-muscovite-quartz-albite rock--with  prcbable flow
layering preserved in complex folds; (4) ancther probable
flow, with epidote-muscovite-quartz-albite groundmass and
epidote-quartz amygdules up to 2.5 cm in diameter.

West of Fuquay-Varina, an area . shecwn as granite on the
Geologic Map of North Carolina (Stuckey, 1958) is actually a

rock with plagioclase phenocrysts in a graphic groundmass of
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microcline and gquartz. This plagioclase-rich rock is
associated with a typical plagioclase crystal tuff. Both
rocks have suffered greenschist facies metamorphism, and the
intrusive quite possibly is  the shallowly-emplaced
equivalent of the felsic exttusiyés. .A similar body 6 knm
north of Fuquay-varina has been found qt only one outcrop,
and may be a dike or 1larger body. The largest expanse of
felsic metavolcanics extends southwest frcm Fuquay-Varina in
an area which appears as mica gneiss on the Geologic Map of
North Carolina (Stuckey, 1958). This unit is dominantly a
crystal metatuff, with thin quartz-muscovite and quartz-

biotite schist layers.
Phyllite-met2siltstone (ph-nst)

The phyllite—metasiltstqne unit isrg‘ major but very
fFcorly-exposed seguéhéé:i The sparcity ofv outcrop can be
surmised from the thin.distribution of structural data
AFigure A3).  The map unit consists of fine-grained
éﬁlbfite;guéttziiﬁsébvifé phyiiiteiand; uétasiitéténe. Both
‘rocks contain minor biotite, which increases in abundance
toward higher grade rocks tb the north and northwest., Very
fine-grained nugcovite-sezicite is most abundant in the
phyllite which has a very prcminent musccvite foliation.
Chlorite and guartz and, in some cases, epidote and'albite

are dominant in the metasiltstone. The netasiltstone
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Explanation

Map units and contacts_defined:as in Figure A2.

Strike and Dip of

X }( )i( Vertical S,+S,, S,, S,

§§ Horizontal 83

/ Fold axis or mineral lineation

Figure A3, Geologic map of the southern 'Raleigh belt
and adjacent Carolina strike belt, North Carolina. -
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comncnly has graded bedding, and where least deformed, top-

bottcm relationships may possibly be determined.
Kyanite-quartzite (kgqg)

Tvc swall bodies of (muscovite)-kyanite gua:tiite have

been mapped. One is 8 knm nortb—nofthwest of Smithfield
(Figure A2). The ‘second is approximatelf 10 km west of -

Raleigh (Figure A2). Both have highly deformed kyanite

laths, scme of which have been replaéed by éuscovife.
Sims grapite (Sgr)

The Sims granite (Figure A2) is a medium- to coarse-
grained bictite granite. Plagioclase is zoned and has been
extremely saussuritized, giving it a light-green color in
hand speciren. The K-feldspar is macroperthitic microcline.
Biotite is mostly altered to chlorite. A phyllitic xenolith
has the contact metamorphic assemblage chlorite-andalusite-
biotite—muSccvite—quartz;9'The;e’is ro indiédtion bf a post-
intrusive deformaticnal event. The Sims granite has not

been dated.

-
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Unnamed small granites (gr)

- Three 'small: granite bodies have been mapped west and
southwest of Raleigh, All. three are medium-grained biotite
granites;'~Theﬂ“n6rthern two have strong, late muscovite-
chlorite foliations., EThe"more‘SOuthern of these two is a
protomylonite.:The southernmost of 'the three--southwest of
Lillington--nas a weak biotite foliation. It has
macroperthitic microcline and slightly saussuritized
plagicclase. It is very similar to fhe Rolesville main
phase.

Granodiorite (gd)

-Northwest of Raleigh: there is a medium-grained biotite-
hcrnblende~guartz-plagicclase granodiorite intrusive (Figure
- A2). Plagioclase has been highly saussuritized, but has not
been recrystallized. Biotitefandqhornblende forr a moderate
to strong foliation. Accessory minerals include titanite,
bpaéue; ?and*apétite;fi~This-intrusive has apparently been
'subjeétedfto the: same métamotphic event as the surrounding

-cecuntry. rocks’
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Ultramafics

Numerous small chlorite-talc-serpentine-amphibole
ultramafic bodies have been mapped in the gt-mgs unit,
starting aktout 10 km north of Raleigh and continuing north
of this map area (Wilsom and Carpenter, 1975; Dickey, 1963).
They are not shown in Figure A2, since iheir ccntacts wvere

not magped in this study.-
Diabase

Numerous diabase dikes transect the map area. MNost of
them bave a northwest to north-northvest strike, and
approximately vertical dip. Those observed have a gabbroic
compcsition, but they were not examined in this study. 1In

order to avoid clutter, they are not shown in Figure A2.
Structure

The Raleigh belt and Carolina slate belt reocks east of
the Durham Triassic basin (Figure A3) have been subjected to
a minimum of +three deforrcaticnal events. The - following
structural interpretation expands, and it is hoped, corrects
the structural interpretation of the more limited Rolesville
area fresented by Becker and Farrar in Progress Report

VPIESU-S103-3. ’




S-surfaces

Bedding, .Sb, .can. be observed in metasediments and
meta;uffskof the least deformed greenschist facies Carolina
slate belt rocks. Sb is also chbserved as prcbable flow
layering in both mafic and felsic flows in the Carolina
slate belt rocks. Attitudes of Sk are not shown in Figure
A3, because they have been observed only on the 1limbs of
srall-scale folds.

S0 is defined as compositional layering, the earliest
observed surface in the more  highly recrystallized rocks of
the Carolina slate belt and Raleigh belt. S0 may, in some
cases,. be -Sb, but in nmost instances it is probably a
metamorphically-formed layering.

.S1 -is a strongly-developed . penetrative foliation of
planar and elongate minerals formed during the D1
deformational - event, It is  generally axial planar to
isoclinal folds in Sb and S0.. In many outcrops, S1 parallel
to S0, or S1 pardllel to Sb is the only measurable surface.
F1 hinge surfaces (parallel to S1) folded.into F2 folds give
p:oqf of the existence of separable D% and D2 events. F1
fclds have only been- defined cn ocutcrop scale; noﬂe vere
large enough.to shov on Figure A3..

82 is . a strong-  to noderately-developed 1locally
penetrative foliation. 1In ,sdme felsic rcck types it is

poorly defined, and exists only as the hinge surfaces of
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tight to isoclinal F2 folds. 1In micaceous rocks, 52 is a
biotite or muscovite foliation or, in sone caées, a
crenulation cleavage, F2 folds are generally -¢lcse to
tight, and have been found both 'as refolded F1 folds, and
refolded by F3 folds. F2 folds ranging in scale from
microsccpic to regional have been found.

s3 is higﬁly variable in its develcpment.  In- the
greenschist facies rocks south of the Raleigh belt, s3
commonly occurs as a fine penetrative crenulaticn cleavage,
vhich is axial planar to small, 20 cm to 1 m vavelenth, open
F3 folds and approximately axial plapar to regional TF3
folds. In the Spring Hope area, the few measurements of S3
are on crenulation cleavage, which is very difficult to
distinguish frcm S2. West and southwest of Raleigh, S3 is a
strongly-developed restrograde muscovite-chlorite foliation
or fracture cleavage in the pelitic and quartzo-feldspathic
rocks which form the western border of the Raleigh belt and

adjacent Carolina slate belt rccks.
Structural Interpretation

The structure of this area is discussed in terms of
subareas for convenience of presentgtion (Figure Ad4a). Area
I is dcminated by moderately tc gently westward-dipping S3.
Area II occupies the core of the Wake-Warren anticlinorium

of Parker (1968). This is a major F3 structure. Area III

C
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Figure Alla. Major stractures of the southern Raleigh
belt and adjacent slate belt. Numbered subdivisions are
those for stereographic prcjectioms in Fiqure AS5.

Fs
Spring Hope Synform

. F3

= R
"~ Smithfleld Syaform
A Pigure A4b., Cartoon of the Snmithfield F2 synform,
\sJ refolded by F3 folds. Numbered subdivisions are those for

stereographic projections in Figure AS5. Surface shown is
the major metavolcanic unit. F2 and F3 are not coaxial.
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encompasses a .regional F2 fold which hés been . refolded by
F3. Stereographic projections in VFigure A5 correspond to
subareas in Figure A4, | »

Area I is, for the most part, a zone of major late
deformation. 1Isoclinal F1 folds are tightlf refolded about
F2 axes. Textural study, particularly of pelitic rocks,
indicates that the D2 event, prodhcing F2‘ folés and S2,
occurred before, or at the height of, netamorphic grade.
Tight F2 microfolds are preserved in the form cf:graphite-
rich 1layers in a graphitic schist. Both garnet and

staurclite porphyroblasts have grown across these F2 folds.

The porphyroblasts in this particular sample have not been

rotated or deformed in any way. This texture indicates that
there was post-D2 crystallization under amphibclite facies
conditions--the highest metamorphic grade found in this
area.

Mcst outcrops in area I show a strong late deformatior,

D3, under greenschist facies conditions, with the formation

of a muscovite-chlorite foliation which cuts higher grade

assemblages. The intensity of this late deformation is
highly variable, Samples from a single pelitic cutcrop'vafj
greatly. Parallel to S3, there‘are‘ thin zones of a fevw
meters thickness, wvhich have  been mylonitizéd and
retrograded to a chlorite-quartz-muscovite phyllonite. This
assemblage is particularly well developed along the eastern

border of subarea IB, north of Angier. Some outcrops




Figure AS.

S

Stereograbhic projections of data from areas outlined in Figure Ada. Symbols are:

poles to Sg+S7 ( ® ), poles to So ( A ), poles to S3 ( IR ), Fy and F, fold axes

2
and lineations ( §k ), and F3 fold axes ( X ).( @ ) in IIB is the approximate Fj
fold axis (50, SO5E).
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contain only chlorite~quartz-muscovite, while otbers contain
rotated and partially retrogradednporphyroblasts of garnet
and kyanite in a chlorite~-quartz-muscovite groundmass.

In sutarea IB, where metamorphic grade was not as high
.as IA, it is difficult to differentiate S2 and S3, both of
which are muscovite-chlorite foliations, cutting wmostly
felsic vclcanic assemblages. This probably results in some
confusion in the assignment of foliaticns to 52 and S3.

Stereographic projectioné for subareas IA and 1IB
(Fighre A5) illustrate the dominance of S3 in this area. S3
varies from vertical to horizontal in subarea ‘IB, vhile it
is nearly constant at NOE, 35%F in subarea IA. Both areas
have fold axes and mineral 1lineations concentrated near
horizcntal parallel to the strike of S3, and plunging
westward in the plane of S3.

Area I 1is interpreted to be a major deformaticn zomne
which dips moderately westward. This zone forms the uéstern
boundary c¢f the Raleigh bhelt in this area. This zone
apparently narrovs northward toward the Virginia Gtorder,
where it ccntinues to form the boundary of the Raleigh belt
{Casadevall, 1977). In area 1IB, the greatestkdeformation
may be concentrated in the garnet-muscovite schist unit, but
S3 foliaticn is moderate to strong throughout the area.

‘Area I1 approximately comprises the southern end of the
Raleigh belt. The Rolesville batholith occupies

approximately 70 percent of this area. Subarea IIA (Piqure
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Al) is dominated stpnctu:ally by tightly:comp;gssed szfolds
with axial surfaces N10E, vertical, and approximately
hcrizcntal hinge lines and mineral ;ineatipns. S3 is»aimpst
absent in this area. F1 folds are foundfas spall, isoclinal
folds which have been refolded by  F2,fo1ds. Subarea IIB
includes the Rolesville batholith and,gcupt;y recks Hhich
occur  both as:,genoliths and folds projecting into the
hatholith. The quesville'batholiyh is a pre- or syn-F2
intrusion. It has a weak to moderate S2 biotite foliation.
S1 plus SO can be_measu;ed in many gneissic xenoliths and
areas of country rock folded.iqto the,granite {Figure A3).

The S2 foliation ofvsubarea IIB.has beenAfolded,tc form
the Wake-Warren anticlino:igm jParker, 1968) . _This major F3
structure plunges 50,,5053_(based on folded S2), and. weak S3
measuxementquive the axial surface N20E, 705, (Figure A5).
The refolding of prey}qusly folded sS1, about F3 axes,
produces the complex payterp of _sterepplot IIB (Figure A5).
Fcld axes ,defineﬁ by folded layering tend to be steep to
mode:ately southvard plunging. | |

Area III is dominafed by »a regional,scale F2 isoclinal
fcld which is ontlined.by the pattern of major metavolcanic
layers in a phyllite-me;asilts§§ne sequence. Individual
odtcrops of the volcanic rocks in'thisrarea have been joinéd
intq mapﬁuni;s through the slight topographic expression and
relatively stronggmaghetic anomalies of fhe volcanic units.

This regional F2 fold has been refolded in the F3 Wake-
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Warren anticlinorium and the parailel F3 Springrﬂope synform
(Figure A4). Stereoplot IIIA (Figure A5) illustrates the

complexity of folding of S1 which results frcm folding the

Smithfieid F2 fold by the Wake-Warren F3 fold. The"

Smithfield F2 fold is overturned for most of its 1eng{h, and
bqth lirbs dip moderately to steeply south (Figure Ad4).

Good exposures of interfering F1, F2 and P3(f6165 can
be,fbund in the closed Princeton I Nello Teer quarry, which
is in a felsic volcanic‘sequencé 16 km east of Smithfield.
At this quarry, major, tight F2 folds refold sraller scale
F1 folds, and are weakly refolded by D3, producing a weakly-
developed crenulation cleavage in thin phyllite layers.

In area IIIB, the Spfing Hope F3 fold is the dominaht
regicnal structure. It has tightly refolded the TF2
Smithfield structure. This area presents the best case for
the Swithfield F2 fold being synformal. Binor fold axes
plung2 tcward the trough of the structure from both north
and south., Figure A4b is a cartoon of the unercded porticn
of the Smithfield F2 synform, showing the non-coaxial nature

of the ¥2 and F3 folds.

Conclusions

The scuthern Raleigh belt, and adjacent Carolina slate
belt, bhave suffered a minimum of three deformatiomal events
(prior tc late brittle faulting, which does nct appear to

have involved major wmovements within the mapped area). D1

C
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and D2 were accompanied by a metamorphic event which reached
amphibolite facies in the:Raleigh belt, but only greerschist
facies‘in the slate belt., The Carolina slate belt-Raleigh
belt contact appears to be a metamcrphic grade change alorng
the eastern and  southern margins of the Raleigh belt. The
contact could reasonably be placed approximately along the
ccntact between muscovite sckist (ms, Figure A2) and the
metavolcanics and amphibolite (mfv and am2, Figure A2). V¥No
attempt wvas made in this reconrnaissance to tie down the
lccation of isograds. The western boundary of the Raleigh
belt may also have been a metamorphic grade change, but it
is ncﬁ a méjo: deformation 2zone. This vestwvard-dipping
deformation zone is part of the Eastern Piedmont fault
system of Hatcher et al. (1977).

From examination of this area, it appears that the
major northeast-trending structures of the Piedmont in this
region are D3 folds which ha&e refolded F2 structures which
had generally east-westibttends. It is therefcre to be
expected that there are culminations and troughs in the F3
regional fold axes as they cross the pre-existing F2 folds.
In some areas attenuation parallel to S3 has been great
enoughk tc produce’ rylonites, dr at least protomylonites
along the limbs of the S3 structure--this appears to be the
case along the we :rn border of the Raleigh belt in this

ar<€a.
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It secems reasonable to expect similar structures in
covered slate belt rocks to the east--pajor north-northeast
trending F3 folds refolding the wmore nearly east-wvest

trending P2 structures.




COMPOSITIONAL VARIATIONS CF SOUTHEASTFRN GABBROS

S. W. Becker

The gabbroic plutcns of the southeastern U. S. are
closely related in time, space, and crigin to the 300 m.y.
granitic plutons (Pigure A6; see previous report,
VPI&SU—SiOS-S);:' Chemical variatibns. in these gabbroic
hodies_shouid‘ohtline differences between the mafic plutons,
and may aid in determining the relationship between the
origins offthe.granific;and gabbroic plutons.

Divisioﬁs;based on fundamental differences between the
mafic plufons were first made'byjuedlin et al. (1972), vho
reccgnizedv‘two7 types of intruéibnsﬁ » thcse ccmposed of
gabbrc?dioritefsyenite;;aﬂd”;thdse of géHbro/gabbro—norite.
The HMt. Cafmel ‘anQ,COncbﬁd‘ compleies .éoﬁégiSe the 1first
group; all othef“ﬁafid Plutons th;t»haveV beenjstudied fall
in the second category. | . ».;v‘

As a basis of further éémpatisén, thq;gghbrpi&tblutons
can be classified adc?rding’vto their vhole rock
ccmpositions. The classifiéqtioh scheme used in this report
is that proposéd - by vaihe §anddaaragarvw(1971);‘which is
derivéd primarily fronm divisiohé for basic ‘volcanic rocks
proposed by Kennedy (1933) and Tilley (1950). In this
scheme, all igneous rocks fall into one of two categories:
alkaline or subalkaline; subalkaiine rocks are further

subdivided into tholeiitic and calc-alkaline seriese.
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Figure A6. Locations of gabbroic plutons of the
southeastern U.S.
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Chepical distinctions between these series are not alwvays
clear-cut, and commonly analyses of rocks with a wide range
of Sio2 values are needed to determine whether an igneous
province is more nearly "tholeiitic™ or "calc-alkaline.”
Whole rock compositions wvere found in the literature
for the following gabbroic plutons: Concord (gabbro,
Cakaup, 1969; average for syenite, Butler and Ragland,
1969);rneck1enberg (Hermes, 1967); Ogden (average, Butler,
and Ragland, 1969); Presley's Mill (Libby, 1971); Buffalo
and Mt. Carwmel A(Hedlin, 1968), 7 (Compositions of the .
Cleveland gabprq,reported by Constantino-Herrera (1971) were
not vused because<of the 1low totals.) In many of the
analyses, ferrdus/ferric iron ratios are lacking. The
relation propﬁsed by Irvine and Baragar (1971, p. 526) for
aséigning anAattificial Fe2+/Fe3+ (%Fe203 = %XTic2 ¢+ 1.5) is
inapprop;iate;becausekof,1£he high titanium content of some
samples (>5% for some Mi. . Carmél rocks). For uniform
ccmgarisQn, therefore, all iron has been ccnverted to Fe2*,
This assignation has several effects on the normative
calculatibg§;, Magnetite and hematite canrnot be formed.
| Moreover, becagsé of the increased amounts of Fe2* available
tc combine with Si02 vhere Fe3+ forms hematite and magnetite
_in the norm, the :QCk? appears to be more undersaturated:
tke amount of normative hypersthene decreasés and olivine
andinepheliné increase. Classification diagrams involving
ncrmative :olivine, orthopyroxene, nepheline, albite, or

quartz, therefore, cannot be wused vith any accuracy, and
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classification of the gabbros is based instead on diagrams

showing variations in percent oxides.

Classification Diagrams

Given the above limitations, the division between
alkaline and subalkaline rocks can best be seen on a Flot cf
Na20 + K20 versus 5i02 (Figqure A7). On this diagram, rocks
of all compositions from the Mt. Carmel glutonic cbmﬁlex and
the syenite from the Ccncord ring dike fall in the alkaline
field; all other compositions fall in the subalkaline field,
although many are near the dividing line. Rocks frcm tke
Buffalc, Mecklenberg, and Presley's Mill gabbros shov a
fairly wide scatter; compositions of gabbro from the Ccncord
ring dike form a tight cluster close to the alkalic field.

The plutonic complexes containing diorite and syenite
thus appear to have strong alkaline affinities: rocks of
all ccmpositions from the Mt., Carmel complex are alkalic, as
are tte Concord syenites, and Concord gabbros have
relatively high alkali contents as well. Medlin (1968)
similarly concludes that the Mt. Carmel complex is alkalic,
and that the Concord complex probably has alkalic
tendencies. Cabaup (1969), however, did not mention that
clincpyroxene in the Concord gabbro was titanaugite (a
characteristic mineral of alkaline rocks), and proposed that
the Ccncord gabbro is most 1like continental w®margin

tholeiites. The comparison was based on the sum cf the
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Alkaline , s

- 40 a5 N 50 55 60

Figure A7, Alkalies-silica pldt showing = alkaline and

subalkaiine compositions., Dividing 1line from Irvine and

 Baragar (1971). - Symbols: B--Buffalo; C,Y--Concord gabbro

and syenite; G,D,S--Mt. Carmel gabbro, diorite, and syenite;
M--Mecklenberg; O--Ogden; P--Presley's Mill. Sources of

data listed in text.
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differences in percent oxides of the average Conccrd gabbro
and cther types of mafic rocks; the sum was smallest for
coptinental margin tholeiites. By this mnethod of
compariscn, 1% difference in K20 is equivalent to 1%
difference in Si02 or A1203, and relations between elements
during magmatic evolution are not taken into account.
Comparison with average rock compositions (Irvine and
Baragar, 1971, Appendix 1II) shows that the average Concord
gabbro (Cabaup, 1969, p. 26) 1is too low in potassium,
aluminum, and titanium to be called even a "K-péor" alkali
clivine basalt. The rock is most similar to the high-
aluminum basalt of the calc-alkaline series, but the
presence cf titanaugite indicates an alkaline tendency.
Both the Ccncord and Mt. Carmel complexes appear to be older
than the cther gabbros; the age difference is discussed
belcw.

In an effort to divide the subalkaline rocks into
tholeiitic and calc-alkaline series, the analyses vere
plotted on an AFM diagram (Figure A8). This plot suggests
that the subalkaline rocks are tholeiitic in character, but
a wider sgan of compositions is needed to show a definite
trend. Medlin et al. (1972) note that the Buffalo gabbro
shows bkoth calc-alkaline and tholeiitic affinities., Butler
and Ragland (1969) conclude that the gabbros form an alkali-
calcic magma series, although in an earlier study (1966)
they proposed that the gabbros are derived from a tholeiitic

magna.




FeO

Tholeiitic
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. Figure A8. .Ternary plot of total alkalies, iron
as Fe0, and MgO divided into calc-alkaline and tholeiitic
fields, after Irvine and Baragar (1971)., Symbols as in
Figure A7. '




Mineralcqy

Alkali basalts can be characterized by the usual
absence of orthopyroxene and by the high titanium content of
a calcium-rich augite. Tholeiitic and calc-alkaline rocks,
in contrast, generally contain both orthcpyroxene and a low-
calciun clinopyroxene (Irvine and Baragar, 1971).

The petrographic data available show strong
sipilarities among the gabbro plutons (Table A1). Most
contain olivine, hypersthene, augite, and labradorite.
Notakly, the MNt. Carmel gabbro 1lacks orthopyroxene and
contains titanaugite (Medlin, 1968). The Concord gabbro
also ccntains titanaugite (Medlin et al., 1972), although
hypersthene is preseant (Cabaup, 1969). The appearance of
titanaugite in these plutons, and the absence of
orthopyroxene from the Mt, Carmel gabbro, is consistent with
the alkaline character suggested by their whole-rock
compcsitions.

Few differences exist among the other plutons; the
comnncn presence of two pyroxenes supports the interpretation
of these rccks as either calc-alkaline or tholeiitic series.
Texturally, where such data have been reported, most of the
subalkaline plutons are similar as well. Olivine crystals
in the Buffalc, Gladesville, Mecklenberg, and Rock Hill
gabbros are all mantled by complex reaction rims of pyroxene
or amphibole. McSween and Nystrcm (in fress) note that such

rims are lacking in the Dutchman*s Creek gabbro.




TABLE A1,

HINERALOGY OF SOUTHEASTERN U, S. GABBROS

=Zz=zSSSSSax ==,== =3=§ B e e e i R LT T T P e P e B R e T I T TR T T T ey ungn
Pluton . ; ‘Olivine Oorthopyroxene . clinopyﬁoxene Plagicclase Reference

e S L P 1 T =3======?===================8========??====9========= s SssEsErESERIT=sTIasszzacesssc e
Buffalo - Fo68-79 ) En75-78 k Wol1.5En48.5 AnS3-79 Medlin, 1968

. : . : ~WOBUENY1
Cleveland fes s hypvf en. augite-diopside And2-74 Constantino-Herrera, 1971
Concord = Po67-84 ’ n}p titanaugite ARG 1 cabaup, 1961; Medlin et al., 1972
Dutch-an;s Creek 1066-88:' Bn64-78 augite Ant1-76 McSween and Rystrom (in press)
Gladesville : P079-86  En82-8) ‘ ‘augite An6S-69 Natthews, 1967
Hecklenberg . !661-72 ' Bn§9-71 : augite An51-67 Hermes, 1967
Mt. Caramel o r657 no titanaugite : An52-62 Medlin, 1968

. ‘ i : Wo47Ens0
Ogden ‘,? yes B ] ﬁfp :jaugite yes Chalcraft, 1977
Pee De2 ‘ ‘yes‘ 7 ‘ yes ' augite An38-45 this report
Presley;s nill no En63-74 . augife An4y-67 . Libby, 1971; Myers, 1968
Rock Hill . “ yes ‘ hyp - augite An32-72 Chalcraft, 1968
U

6e-Y
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Plagioclase crystals are generally only slightly zoned; such
lack c¢f strong =zoning is characteristic of adcumulate
growth, and suggests that the gabbros crystallized as

adcurulates.,
Relaticn c¢f Heat Production to Whole Rock Chemistry

Syenite in the Mt. Carmel complex is thought to
represent the late-stage differentiate cf a gabbroic magma
(nedlin, 1968); the Ccncord syenite, toc, 1is probably a
product cf prclonged fractionation. In spite c¢f the high
degree of differentiation needed to form these syenites,
they have very low heat productions: values of 1.2 and 1.8
X 10-13 cal/cm3-sec have been nmeasured for Concord syenite,
and MNt. Carmel syenite produces 1.6 x 10-13 cal/cm3-sec
(Repcrt VYPIESU-5103-5). These values are much lower than
average heat production of southeastern granites with
similar K20 and Si02 contents. High degree of pmagma
differentiation alone is clearly not sufficient for high
heat prcduction; the composition of the parent magma is a
critical factor. Basaltic magmas contain very low amounts
of U and Th, and even prolonged fractionation cannot
concentrate these elements enough to cause high heat

prodtction in the late-stage differentiates.




Conclusions

W¥hole rock chemistry shovs that the gabbroic plutons of
the scutheastern U.S. fall into two categories.  Gabbro-
diorite-syenite complexes are alkaline; gabbro/gabbro-norite
ccnplexes are subalkaline, and cannot «w~ith any certainty be
call2d calc-alkaline or tholeiitic, The alkaline gabbros
appear to be somevwhat older than the other mafic plutons.
Ccncozxd sygnite has been dated at 413 m.y. (Rb-Sr, 1 = £21
m.Y., Fullagar, 1971) and 425 ¢ 110 m.y. (Overstreet and
Bell, Table 7, p. 93, 1965). Biotite from Mt. Carmel
diorite has been dated at 380, 386, and 387 m.y. (K-Ar,
Medlin, 1568). None of the subalkaline plutons has been
dated directlye. The Pee Dee gabhro intrudes, and is
probably contemporaneous'uith,'the Lilesville granite, which
has been dated at 322 ¢ 14 m.y. (BRb-Sr, Fullagar, reported
by Bell et al.,, 1974) . The Buffalo gabbro is interpreted to
be younger than the Ht.ACarmél coqplex (Medlin, 1968). Data
are not available for other gabbroic plutons, but their lack
of metamorphic textures suggests that they are ycunger than
350 m.ye.

The relation between the chemical affinities of the
gabbrcs and granites is not clear. As a bimecdal suite, the
plutons should all generally be either tholeiitic or calc-
alkaline, or of a common middle ground. Fullagar and Butler

(1577) postulate that the granites are calc-alkaline.
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Bimodal suites, however, are 'relatively rare in calc-
alkaline series, and further work may show that the mafic
and felsic plutons together follow trends more

characteristic of tholeiitic suites.
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DESCRIPTION OF THE SILOAM PLUTON

J. Alexander Speer

The Siloam pluton, Greene Co., Georgia, is the first
ccarse-grained, Late Paleozoic pluton studied for the new
ccntract period. This report is based largely on field work
supplemented by some thin-section petrography. Of the other
coarse-grained, iate Paleozoic plutons in the southeast
(Figure AQ), the ¥Winnsborc, Liberty Hill, Pageland, and
Lilesville~ﬁave been studied in some detail, whereas the
Churchland, Bald Knob,,‘South Carolina U1, Rabon Creek,
Danberg, and Appling hévé _ been locked at only on a
reconnaissance basis. VyThe Palmettd granite will  Dbe
described in the next quéiterly reporf.

The Siloam was studied because of the high heat
yeneration values ,(avérage 10.3 HGVU, VPIESU-5103-95)
oktained 1in them reconnaissance sampiing. v‘This value is
approximately twice the value for. other coarse-grained
granites in the southeast. Field;ﬁo:k demdnstrétés.tﬁat the
Silocaw is similar to the oiher pdst;ﬁetamorphic plutons of
the southeast, a mdltip;gfintrusive graniticr complex with
the ccncentric diéifibutioniaf'rock ‘onits indicative of a
ceﬁtered complex. The rock units are largely textural
varieties. - A distinct feature of the4silcam described below
in more detail is a pervasive deformation, evident for the

mest rart only in thin-section.
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Figure A9. Location map of the coarse-qrainéd, post- S
metamorphic, Late Paleozoic plutons of the southeastern o’

United States.




Previous Work

The first deScriptions of rocks from the Siloam pluton
vere by Watson (1902), who descriﬁed three of the four
facies of the Siloam recognized in this report; The Siloanm
Fluton was first mapped and systematically described in a
study of the geology of Greene and Hancock ccunties by
Humphrey (1970). This subsequently provided data for an
open-file report and map on these counties (Humphrey and
Radcliffe, 1971), and abstracts on ihe petrology of the
Siloam (Humphrey and Radcliffe, 1970) and its chemistry
(Radcliffe‘and Humphrey, 1971). The Siloar pluton has been
dated - by Rb-Sr'-ﬁethods at’ 269 + 3 m.y. with-am 1initial
87sf/°ﬁsi=ratio of 0,7052(1) by Jones and Walker (1973) who
also*give a petrographic description. A K-Ar biotite date
of 261 m.y.  for the si1oam péd‘been‘ previously reported by
Szith et al. (1969). ‘Wenner et al. (1977) teportéd on the
oxygen i$dto§es of the Siloam (§ 180 v;lues relafive-to SMOW
are 6.2 to 7.9) as well as other southeastern granites to
elucidate the origin of the'magmas. |

The crystallization témpetatures - ‘for coexisting
plagicclése and alkali feldspar' pairs of the Siloam ' have
been calculated :by ¥Whitney and Stcrmer (1977a) using 'the_
equatioh of Whitney and Stormer (1977b).» The zoning of the
Silocam plagioclaSes'reguite’initia1<conditicns’ of 10 kb and
temperatures in excess of 750°C which drop to 2 Xb and 650°C

with emplacement of the Siloam magma at its final location.
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The = Siloam pluton has been postulated to cut the
projection of the Goat Rock fault by Hatcher et al. (1977) .
This wculd date the 1atést movement along this segment of
their Eastern Piedmont fault system, although there is ro
direct evidence of faulting in the country rock adjacent to

the Silcam.
Petrography
General Relaticns
The Siloam pluton has an elliptical outcrop, elongated
north-south, of 99 km2 wvhich crosscuts the ncrtheasterly
structural trend of the country rock. Five distinct facies
of the Siloam granite, based on differing textures or

mineralcgies, are recognized and forr mafppable units:

% of area

porphyritic, coarse-grained granite (psg) 53%
medium~grained granite (msqg) 22%
coarse-~grained granite (csq) 12%
garnet-kearing granite (gsg) ' 9%
fine-grained granite (fsg) 4%

The map distribution of the differing facies is illustrated

in Figure A10. There are varieties of the abcve rock types

-
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which do not form mappable units but are described below.
Classification of the Silcam granite samples collected for
chemistry and heat production according to rcck type is

listed in Table A2 and located in Figure 2a11.
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B ~ _ TABLE A2.
LISTING OF‘SIL(_)VAH CHEMISTRY AND HREAT FRODUCTION
SAHPLES BY‘ RdCK TYPE.

Porphyriiiq,Siloam granite (psg)

CB7-7 AS7-108 -114 -136 -155

cB7-8 -1 -125 -139
Mafic porphyriticrsiloam granite (ccntamirated?)

‘A57-116 =117 -179 CB7-7B
Hedium-gréined‘siloam granite (msg)

1S7-112° C-1w9 -150
Fine-grainedkSilpai granite (£s9)

257-158 | | |
Garnet-bearing Siloém:gtanité;(gsg)‘

157-102 99 |
Aplite dike cutting the éiloam granite

AS7-157 | |
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Porphyritic Silocam Granite

The porphyritic Siloam granite is a coarse-grained,
hypidiomorphic, biotite-feldspar-quartz rock containing 4-7
cm megacrysts of alkali feldspar. The amcunt of feldspar
megacrysts varies, but remains generally over 20%. Although
granite of this type: is of very coarse-grained appearance,
the average grain size of matrix minerals is 3 omm or less.
However, the rock is toc coarse to have a uniform color, the
colors of the individual minerals being evideﬁt.

The porphyritic facies accounts for about 53% of the
ocutcrcp cf the Siloan. It concentrically crops out,
enclosing the medium-grained‘ Siloam granite 1in its core
(Figure A10). On the west it is separated from the country
rccks by the coarse-grained and garnet-bearing facies of the
Silcam. The porphyritic facies may be intruded by lenses of
the fine-qrained‘>facies; A strong igneous ' flow foliation,
defined by the alignment of the tabular alkali feldspar
megacrysts, confirms the concentric nature of this facies.
The eXtremeiy high angle of the dip of the foliation hinders
prediCtion‘qf'the change in shape of the plutcn with depth.

A modal analysis of the porphyritic facies by Vistelius

and Hurst (1964) show it to be a nmonzogranite. Humphrey




A-S2

(1970) and ﬁadcliffe and Humphrey (1971) report only average
modes. As they did not distinguish among the textural
varieties of the Siloam, the meaning o¢f the modes is
uncertain. In addition, the modes were performed on single
thin secticns, an inappropriate sample size for such coarse-
grained rocks.

Tabular, subhedral to euhedral, pink alkali feldspar is
the most conspicuous mineral because of its largelsize (1-7
cm). The feldspar is microcline micro- and macroperthite
exhibiting both primary growth twins, 1largely Carlsbad
twins, and albite and pericline inversion twins. Commonly,
the alkali feldspar is poikilitic with oriented inclusions
of plagioclase, quartz, and biotite, which are particularly
abundant in some zones. A wiborgite texture is occasicnally
noted. FWhitney and Stormer (1977a) have found the exsolved
phases cf the alkali feldspar to be nearly pure albite (An2)
and K-feldspar (Or94) with a bulk compositioﬁ of betwveen
0or65 and Or77 with less than 3% An. The sub~ +to anhedral
plagioclase grains are smaller (less than 10 am) than the
alkali feldspars and are white with a loccally greenish tint
as a result cf saussuritization, Optical ccepositional
determinations by the a -normal method (Smith, 1978) show
that the plagioclase is oligoclase having normalvoscillatoty
zoning, with cores of An30-28 and rims of Anio-lz. Most
grains have a discontinuous rim of albite, wusually

associated with myremekite., Biotite, in most CaSes the only
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rafic mineral, is 3 mm or less in size. It is pleochroié
dark brown to tan. Locally, amphibole occurs as subhedral
prismatic crystals up to -2 &mm long. They have the
pleochroic formula X = yellow ‘brown .green, Y = brown green,
Z = blue green.

Erimary accessory minerals include al}anite, titanite,
apatite, zircon, magnetite, ilmenite with e#solved hematite,
pyrite; pyrrhotite, and fluorite, Phyrrhétite: cccurs only
as inclusions in what is interpreted as early crystallized
phases., The large, zoned allanites, up t¢ 2 mn 1lorg, and
the abundant titanite .are- characteristic accessories
sirilar to those in other 1late Paleozoi& -plutens in- the .
southeast. Secondary minerals include white nmica, epidote,
carbonate, chlorite and hematite.

A more mafic variety of the porphyritic Siloam granite
ccntains greater wmodal amcunts of amphibole, biotite, and
epidote, as well as a more calcic plagioclase (An38). .This
variety occurs throughout: the pluton, but its abundance at
the scutheast fcontact,of'»the porphyritic facies with .the
ccuntry rock .suggests, that it results frcm, ccntamination
uith; the ccuntry 'rocks,,élthoug£ its~6tigin,las an early
segregation cannot be ruled out.

. The , hypidiomorphic-inequigranular texture of  the
pozphyritic Siloam granite is modified by a deformational
fabric plainly evidentiiﬂ thin section and rarely seen in

outcrop. The quartz has undulose extinction and sutured
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grain toundaries. The larger gquartz grains are criss-
crossed by planes of fluid inclusions. The alkali feldspar
megacrysts not aligned in the plane of foliation  have
granulated edges, Zones of granulated guartz and feldspar
are alsc evident in thin section. The deformation has
little effect on the other minerals.

This deformation is evident throughout the Silocam, and
varies unsystematically in intensity. As this feature was
not ncticed in the field, 1its crientation is not known.
Exarinetion of the hand specimens suggests that the
defcrmaticral foliation parallels the igneous fcliation. No

retrograde metamorphism is associated with the deformation.

Medium-grained Siloam Granite

Nestled in the <core of the concentric porphyritic
Siloam grapite and along the eastern margin of the pluton is
a mnedium-grained granite (Figure A10). It is
mineralcgically identical +to the porphyritic facies and
differs only in the size of the mineral grains. The alkali
feldspar is less than 10 mm in size, plagioclase and quartz
less than 4 pm, and biotite less than 1 mm. The finer grain
size gives the rocks a more uniform pink to white color.
Robust muscovite 1in some specimens suggests that muscovite

was an important late magmatic mineral. This granite facies

is not the grcundmass of the porphyritic facies, which has
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little alkali feldspar and much plagioclase. This medium-
grained Siloam granite is affected by the defcrmaticn
described previously.

Toward the eastern outside margin of the medium-grained
facies, the granite becomes finer-grained, less than 2 nmm,
and ccntains sparse to abundant, subhedral phenocrysts of
quartz (up to 5 mm) and alkali feldspar (up to 7 nmm). It
also devlops a planar flow foliation which parallels tabular
xenoliths and xenclith trains, This is in contrast to the
normally massive, equigranular, medium-grained granite.

The medium-grained Siloam granite, near its border with
the porphyritic facies, contains isolated megacrysts of
alkali feldspér similar to those of the porphyritic facies.
The propcrticn of feldspar megacrysts increases in the
medivm-grained granite towards the porphyritic facies. The
increase in the proportion cf megacrysts is not uniform and
the bcundary between the two facies is both gradational and

irregular,
Fine-grained Siloam Granite

In the southwest part of the Siloanm, ét Liberty, is a
lens of fine-grained, biotite granite. It is more even
grainedbthan the medium-grained granite, as well as smaller
in grain size with an averagé of 1-2 nmm. It has a

mineralogy identical to that of the wmediuwr-grained granite
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L)

and resembles the finer-grained border varieties of that

facies, excepting the presence cf phenocrysts and foliation.




Garnet-bearing Siloam Granite

Aiong the northwest margin of the Siloam plutor is a
unit of.mediumfgrained, equigranular, pink to grey granite.
The quartz and feldspar measure 4-6 mm. . The granite is more
felsic than any other Siloam granite with a color index of 2
or kleSs. The mineralogy is gquartz, microcline, unzoned
plagicclase (An23), biotite, muscovite, and garnets (up to 4
mm in size). Accessory minerals are zircon, apatite, and
opaques. Secondary minerals include chlorite and rutile. A
deformaticnal texture is evident ip thin  secticn, alfhough

ncne is evident in cutcrop.
Coarse-grained Siloam Granite

The southuestilobé of the Silocam plutcn  consists of a
coarse-grained biotite granite with .an ave;ége grain size of
5 wn and’alkali feldspars up to 10 mm, It is distinguishedv
frcm the porphyritic facies,by:-its higher color index, C.I.
= 5-10, smaller -alkali feldspars, vand anhedfalvto subhedfal
alkali feldspar phenocrysts rather than the mearly euhedral
: élkali feldspars of the porphyritic facies, The wmineralogy
is gquartz, microcline :microperthite, plagioclase,v and
| biotite. The plagioclaSe_has}ueak oscillato;y zoning with
overall cdmposition of An20. = Accessory minerals include

titanite, allanite, fluorite, apatite, zircon, and opagques. -
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The coarse-grained Siloam granite has a well-developed
foliaticn defined by the roughly tabular alkali feldspars,
biotite, and «xenoliths or mafic clots. The foliation
parallels the contact with the country rock as well as tte
flow fcliation of the porphyritic phase (Figure A10). The
foliation of the coarse-grained facies is in large part the
cataclastic texture, evident throughout the Silocam. It is
the best developed in these rocks and appears to increase ‘to

the south.
Aplite and Pegmatite Dikes

The Silcam pluton is cut by a spall number of pegmatite
and arlite dikes. The aplite wmineralogy is quartz,
microcline, and plagioclase (An15-10) with m@minor or
accessory biotite, muscovite, garnet, opagues, epidote, and
apatite. The pegmatites consist of microcline and quartz,
commonly graphically intergrown in sub- to euhedral crystals
up tc 5 cm, albite (2 cm), and muscovite plates (2 cm). The
pegmatites locally contain pyrite cubes up to 2 cm on a side

and small amounts of biotite (3 mm).
Relaticnship Among the Various Rock Types of the Silcam

The garnet-bearing Siloam granite is different enough

from the remaining granite facies to suggest it is a country

U
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rock granite. In outcrop, it is similar to outcrops of
granitic gneiss mapped by Humphrey (1970) and Humphrey and
Radcliffe (1971) to the west of the Silocan.

Specimens ' from each of the four remaining granite
facies appear to have been used by Jones and Walker (1973)
to date the Siloam by Rb-Str methods. That they define an
iscchron suggests they are contemporanecus... Experience with
the Liberty Hill and Winnsboro plutons indicates the fine-
grained facies wvas emplaced later than the coarse-grained
facies, ' The isolated megacrysts in the  border.  of  the
mediup-grained granite with the porphyritic facies is
reminiscent of the xenocrysts of .ccarse-grained Liberty Hill
in the fine-grained facies. But: northeast of the town of
Siloam, a boulder of medium-grained granite is cut by an
irregular mass of porphyritic granite, suggesting that the
coarse-grained is later. The transition from the
porphyritic to the coarse-grained Siloam facies in ‘the

southwvest part of the vplutcn' aprears gradual as the
exte:icr torders of the Siloam granite are reached. Pecthars
tbe ccarse-grained granite is only a border effect on the
melt, in contrast with the contamination effects of the
scutheést‘contact.‘ In addition, the coarse-grained facies
shous effects of a stronger deformaticn than the cther parts
of the Siloam. The lack of evidence concerning the age
relations of the Siloam granite facies suggests they are

ccntemporaneous in a relative as well as absolute sense.
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Composition of the Siloam Granites

Ancng the many chemical analyses of the Silocam granite
are three individuai analyses of the porphyritic granite
{(¢1-3, Table A3) and an average of 40 grid samples (#&,
Table A3). As Radcliffe and Humphrey (1971) did not
Teccgnize differing facies of the granite, their average
compcsition is difficult to interpret. The presence of the
differing facies of the Siloam granite may alsc explain in
large ©part their observed chemical trends--increasirg
Fe2G3/Fe203 + Mg0 to the west and increasing K20/K20 + Na20
+ Ca0 concentrically from margin to core. These trends are
possible if the porphyritic facies is more iron rich and

less potassic than the medium-grained granite.
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TABLE A3.
CHEMICAL ANALYSES OF THE SILOAM GBANITE.

R R St - i - - T P P P T T T Ty b2+ = £ 3§

T T e e . e . . s, . Bl i i i . . . . . i S e i ——— —— — —— R NN ST

Sic2 70.95 73.68 69.13 71.1
Al2c3 15.59 13.80 17.14 14.20
Ccao 1. 44 .74 1.85 - 1.30
Mgo 0.71 | 0.87 0.7% ?
K20 5.26 ~ 3.95 5.49 4.7
FeO 2.19 2.39 - -
Fe203 o= S , 1.52 3.10
Na20 . 3,66 - 3.52 : k.06 2.8
MnoO : 0.05_'."' 0.06 . - - - 0.05
Tic2 0.35 . 0.40 L= 0.5
E205 o 0.18 - 019 . - -
Ign. - ' - SR ; v ”— 0452 - -
TCTAL . 100. 38 . 100. 60 100.50

D e I T T o e T e T T T e e T T e e B e e e e e 2 e e e e e
e S T o o g 1 T T T T T T R,

1. « .porphyritic granite, CB7-7
2. « .porphyritic granite.;CB7-8
3. .‘.porphyritic granite (Watson, 1902)

4. . .average of 40 samples (Radcliffe and Humphrey, 1971)
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Preliminary Statement on Depth of Emplacement of the Silcam

Pelitic xenoliths of the Siloam pluton contain the
assemblage garpet-sillimanite-biotite-K feldspar-
plagioclase-guartz, If these pelitic rocks have a
compcsition ccrresponding to that of "the ©pelitic rocks
enclosing the Winnsboro, Liberty Hill, Pageland, and
Lilesville, the assemblage indicates a greater depth of

emplacement. The reaction:
cordierite garnet + sillimanite + quartz

divides the 1low pressure assemblages ccntaining cordierite
from the high-pressure garnet + sillimanite assenmblages, the
reaction curve having a small negative slope in P-T space
(Holdaway and Lee, 1S77). In addition, the reactiocn is
largely free of the effects of partial water pressure.

This depth of emplacement of probably more thanm U4 kb
contrasts with the 2 kbt estimate cf Whitney and Stormer

(1977a) based on coexisting feldspar pairs.
Heat Generation

The Siloam was originally chcsen for more detailed

study this contract period Lecause of the high heat
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production of its porphyritic facies as well as its location
as one of the southernmost pcst-metamorphic plutons.
Resuits of the gamna-raj spéctrohefer for the Silocam samples
ccliéttédv dufing Vthe reconnaiséance VSurvey are “(Report

VPIESU-5103-5) 2

U, ppm Th, ppEe K2C,wt% HGVO
CET-7 (psg) 7.7 37.3 4.9 12.0
CE7-78 xenolith 7.2 20.9 4.1 8.8
CB7-8 (psg) 5.7 35.4 3.7 10. 2

Preliminary results on samples collected for this study are:

AS7-125 (psq) 3.8 o 23.4 u.8 7.0

AS7-149 (bsq) 4.9 33.3 4,7 9.2

CB7-7 containé veihé of fluorite and sulfides which may
account for thé high uranium contents of the’samples"at that
1¢¢a11ty. rThé rémainin§ éamples, lowver in uranium, are tsd
few tc characterize the éihtbn 'in terms of heat rroduction,
but they 'été'generélly higher than 'Cdarse-grainéd grahites

of other post-metamorphic granites.
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Petersburg Batholith

Thirty-nine surface samples and 11 samples from the 250
m deep PET1 borehole have been analyzed for pajor element
chemistry. The average surface and ccre ccmpositions,
together with U and Th values obtained by gamma-ray
spectrcmetry, are given in Table B1., Two samples described
as gneissic and cone pegmatite were omitted from the surface
average. In ccmparison with the data given in Table B1 of
our previous report (VPI & SU-5103-5), it can bke seen that
in major e€lement chemistry, the Petersburg surface average
resembles most closely the Liberty Hill fine grained ard
Rolesville surface samples. Hcwever, the average U ccntent
of the Petersburg surface samples is considerably higher
than that from the surface of any other pluton. 1In terms of
Th content, the Petersburg surface samples show normal
apparent values and the average is ccmparable with that from
Rolesville.

The PET 1 core has an average major element compcsition
which is significantly more mafic, having 1lowvwer Si0o2 ard
higher Ca0, MgC and Tio2, than the surface samples. This is
reflected in its lcwer U and Th abundances.

According to Streikessen's (1976) classification
scheme, vhich uses a normative An-Ab-Or plot to define rock
types, the Petersburg surface samples with >17% rormative Qz

are gronzcgranites, syenogranites and alkali feldspar




b L “TABLE B1 - o ,
AVERAGE COMPOSITIONS FROM PETERSBURG BATHOLITH

SURFACE PET1 CORE
NG. SAMPLE (36) (11)
vapm 7.6 4.8 Note U and Th of core
(st dev) B (4. 1) ‘ (0.6). are averages of only
' 5 samples.
Th ppm 18.7 14.9
(st dev) {(7.2) (2.6)
sio2 71. 44 67.06
(st dev) : {(3.83) (1.47)
21203 ~ 15.40 16.46 .
(st dev) {0.71) (0.68)
cao 1.64 2,24
(st dev) (0.77) (0.17)
MgO 0.81 1.47
(st dev) (0.61) (0. 13)
K20 5.05 ' 5.38
(st dev) » : {(0.83) (1.08)
FeO s oo 2403 2.78
(st dev) (1.10) {0.21)
' Na20 3.85 4.6
(st dev) {0.35) - .. - {0.25)
. Mno R - 0.05 - 0,07
(st dev) (0.02) (0.01)
rio2 0.34 C0.53
(st dev) . (0.20) -{0..086)
P205 0.12 0.21
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granites. Four surface samples have <17% normative (Qz and
are classified as calc-alkaline monzonites. The core
samples ;11 have <17% normative ' Qz andl'fallrin' the calc-
alkali sygnite field of the app;ppriate diagram. The trend
frbm pcst ‘to least feisic, i.e., froe alkali-feldspar
“granite to monzomnite, isvéaralleled by a trend of decreasing

average U and Th confents:,

alkali feldspar granite (4 samples) U = 10 gpm, Th = 19 ppm
syencgranite (17 ‘samples) U = 8 ppm, Th = 20 ppm
ronzogranite (8 samples U = 6 ppm, Th = 17 ppnm

monzonite (3 samples) U =5 ppm, Th = 13 ppnm

On a K-Na-Ca diagram, the points cluster abdut the
average calc-alkaline trend of Nockoldé and Allen (1953);

Figqure B1 is a Q-2b-0r phase diagram for PH20 = P
total. The Petersburg surface sambles Flot in a rather
large field, the position of which indicates a pressure at
the time «cf crystallization of about 2 kb PH20. However,
the Petersburg is a 1large and probably ccmplex batholith
made up <c¢f several different 1lithologies (see Géélbgy
section of report VPI &§ SU-5103-4). The dominant lithology
is medium to coarse grained, weakly or non-foliated massive
granife. The five samples shown on Figure A7 of the above
report as belonging to this 1ithology have Q-Ab-Or data

which fall in the smaller surface sample field of Figure Bf1.




Winnsboro

(3
(T

[T

had TN

Adb

—Surface -
——— Core .

Figure B1. Normative Q-Ab-Or diagram for the saturated system

G-




B-6

This grcup of samples has an average U = 8.1 ppp, Th = 21.1
ppm. The well-defined lithologic unit from which they come
probably is the hottest major unit of the batholith. Tt
might ke possible to define fields for the other lithologies
but the ccmplexity of the outcrop pattern, indicated in
Figure 87, makes it difficult toc assign each sample to a
unit, The core éamgles have nofmative Qz + Ab ¢ Or contents
of only 7%-82% while the sdrface samples range'ﬁp to 95%;
thus the pcsition of the core samples' field on the Qz-Ab-Or
diagrar does not i@ply a higher pressure of fo:mation.

As discussed in our previous report (Geochemistfy
section of VPI & SU-5103-5), both water content and Ab/An
ratio have considerable effects on the rpositions of the
phase tcundaries on Q-Ab-Or diagrams. The Petersburg data
is shown on the dry system in Figure B2 and on the PH20 =
Ptotal = 2 kb with varying Ab/An ratios diagram in Figure
B3. On the dry diagram, the data are consistent with
fressures cf formation of 4 kb or more. The Ab/An ratios of
the samples range from 2-19 but are mainly in the range 3-7
with the ccre samples having Ab/An of approximatély 3. From
Figure B3 it can be seen that the 2 kb system |is
inapprcrriate fdr{the Petersburqg samples, when their An
content is taken into account, and that, even for a vwet
system, pressures of formaticn considerably higher than 2 kb

are sucgested.
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Rolesville Cores

Samples from one borehole, RL1, within the <Castalia
pluton of the. Rolesville complex and frow three boreholes,
R12, BLh,iandeLS loCated’in’théﬂhain ﬁolésville élﬁton have
been analyzed. The éverage majbr element and U and Th
contents of each core are given in Table B2 along with the
Rolesville - surface vaata.’ from. our .5pfevioﬁs report
{Gecchemistry section of VPY & SU-5103-5). : ’Samples
describéd;as'being-mixed g;anite and ?egmatitg were omitted
frcm the éferagés.?' | e |

In comparing the Castalia surface and RL1! data, it must
be noted that only three surface sapples fren thisiméﬁe than
20 knm ‘lnﬁg ‘plutdh §ereié§;1yéédf;ahé\}§o ;hight not be
represeﬁtative of the plutcn as a whole, Sixteen samples
ficm the 210 m core were analyzed. The core composition is
less felsic yhaﬂ the sﬁ;fécezgaverage, havingiloweg Si02 and
higher Ca0, HgoO, FeO and Tioz, but the U and Th éoﬂténts are
quite similar. U being slightly higher and Th icue:.in the
core than the shrface samples. MThe core ShOis‘ little
chexical,Qériatipnytihtbuéﬂbufﬁit; ;leﬂgth,;asﬁ ind{cated by
the spall standard deviation values, and thérel-are no
signifi&ant variacions with depth either for major elements
or U andffh;? Three of €herh1 chte,é;hpiés comg~ from the
parts of the core described as alteréd in %he Geoloqy

section of Report VPI & SU-5103-5 but their chemistry is not




TABLE B2. AVERAGE COMPOSITIONS OF ROLESVILLE SAMPLES.

!===‘==3=====S:=S=Il:===“==:2==:=========$========:=8'===2.’S==”S=============8=8=============:S=S:S====£===
Castalla Rolesville RL1 ®L2 RLYG RLS
surface surface Castalia core Rolesville cores

No. samfples (&1} (18) (18) (10 (19) (9)

B TSR R T R I N R S R I S T S T I R I T TS T S T S R T E T e R S P R S Y S S S S I N R ER IS EET TS XSS

0 pgm 4,3 4.0 5.1 5.1 S.4 h,2
(st dev) (.7 (1.6) (0.5) (1.1 v (1.8) (.1
Th gpe 13.76 17.8 11,83 14.06 16.8 ‘ 18.6
(st dev) (3.57) (4.5) {0, 46) (2.23) 2.7 (3.0)
5102 75.26 71.18 71.34 69.85 70.95 70.81
(st dev) (3.43) {2.91) 1.0 (3.21) 3.75) (1.83)
Al203 14.12 15.59 15.41 16.71 16.26 16.56
(st dev) (0.u4) 0. 94) {0.20) (1.20) {0.99) (0.61)
cao 1.59 1.82 2,28 2,12 1.83 : 1.81
(st dev) (0.64) (0.48) (0. 26) (0.68) (0.53) ‘ 10. 16)
ngo 0.54 0.70 0.92 0.73 0.76 " 0.64
(st dev) (0.47) (0.27) (0. 18) (0.34) (0. 46) 0.13)
x20 .22 4.52 4.02 4.36 4.91  u.78.
(st dev) {0.53) - (0. u6) (0.75) {0.88) (0.68) (0. 26)
Peo 1.26 1.77 2,01 1.66 1.60 1.32
(st dev) (0.79) €0.55) (0.37) (0.63) (0.83) {0.23)
¥a2c 3.70 3.713 4.01 4.22 3.98 6,34
(st dev) (0.38) (0.30) (0.32) (0.07) (0. 85) {0. 36)
sp0 0.05 0.04 0.05 0.03 0.03 . 0.08
(st dev) {0.01) (0.01) {0.00) 0.01) (0.01) (0.01)
Ti02 0.17 0.30 0.26 0.28 0.28 .. 0.21
(st dev) (.11 (0.1 {0.05) (0.11) {0.15) {0.03)
2205 0.06 0.11 . 0.09 0.09 0.09 0.08
(st dev) (0.03) (0.04) ©(0.01) 10.04) {0.07) {(0.02)
===3:=8====!=========================2======================t============:==========3========3===S======8'===3
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arpreciably different from the rest of the samples either in
pajor element or U and Th contents. The ncrmative Qz-Ab-Or
data from:  both surface:- ‘and core fall in the small field
shown on  Figure B1, - Although the Castalia field on this
diagram appéats tc cross the 0.5 kb cotectic  into the
primary Qz fiéld, wvhen  the effect of an An component is
considered, as in Figure B3, it can ke seen that the entire
Castalia ‘field falls below the 2 kb phase bcundary for Ab/An
= 3,8, which is the approximate ratio in the Castalia
samples. The phase diagrams suggest a 1lcwer pressure of
equilibration for the Castalia and Rolesville main plutons
than for the cther three plutons shown.

Thirteen samples from the 213 m RL2 core, 21 from the
200 = RLY4 core and 13 from the 213 m RLS5 core were analyzed.
These three cores are less homogeneous thén the RL1 core, as
indicated by their larger standard deviaticn and also by the
large field which they occhpy on the Qz-Ab-Or diagranm,
Figure B1. Again there is no reéular variation in major
element or U and Th contents with depth. This is no
significapt difference between the surface average
ccupositicn@ and the core compositions: in all cases the
average elgmeﬁg conteh£s~ differ by amcunts less than their
standard deViétions, The conélusionsl drawn  from the
Rclesviiie_LSufface ~data '(Repcrt, VPI €& SU0-5103-5) hold

equally for the édre‘samples;
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POTENTTAL FIELD DATA

A.H. Cogbill

Gravity and Magnetic Data in the Southeast

Efforts utilizing gravity and magnetic measurements to
constrain the locations and sizes of heat-producing granitic
bodies that possibly lie beneath the Ccastal Plain have now
begqun in a systematic manner. In these first phases of
work, particular attention has been given to the gravity
peasurerents available to us, with less attention focused
upon the aeromagnetic data. This is chiefly due to
logistical reasons, because the gravity measurements are,
for the most part, readily available in a discrete fornm,
whereas the wmagnetic data were available only on magps and
thus more difficult tc transfer readily into a computing
machine; this problem should become 1less impcrtant in the
near future with the acquisition of an x-y digitizer.

Therefore the discussion to follow will be devoted to the

analysis c¢f the gravity measurements: emphasis will be

placed on the gravity data available in the states of
Georgia, South Carolina, and North Carolina, where most of

our work has been concentrated thus far.




Sources of gravity data

We have used measurements provided by 1) NOAA, 2)
Virginpia Division of Mineral Resources, and 3) the National
Geodéﬁic-Survey. Additionally, we have begun to acquire our
ovn measurements in those localities where the density of
data from the above three sources is particularly sparse.
The acquisition of these new measurements has been made
possible through the loan of two LaCoste-Romberg geodetic
gravity meters by the National Geodetic Survey.

The gravity data provided by NOAA constitute the
overvhelming portibn of the data available tc us, and thus
it is helpful to ekamine the distribution of the data
provided by NOAA. Toward this end we have prepared station
maps for the states of Georgia, South Carolina, and North
Carolina [Figureél(C-l)-(C-B)]. Similar maps of the station
distriﬁutions ih Virginia, Maryland-Delaware, ‘and New Jersey
will"bev'prepared vithin the ’¢oming Vueeks' as attention
broadéns»toi include thése aréas;' As may bte seen in these
figuresé: the station distributions in Geo;giévand North
Ca:dlina’\aré felativély, ﬁniform, ‘uith some exceptions;
ueaSurements in these statés are sufficientiy dense to
prcvide adequéfe; but not outstanding, regicnal coverage.
For lccal studies the data are really too sparse, and thus

ve intend to acquire more measurements for such studies.
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Figure C-1. Distribution of gravity stations in
Georgia. Sources of data are NOAA and the National

Geodetic Survey.
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The distribution of gravity nmeasurements in South
Carolina, however, is remarkably bimodal, a fact probably
attributable to a lack of recent tcpographic maps in much of
eastern South Carolina. The extreme paucity of data in
eastern South Carclina presents many difficulties to the
gravity field analysis, and to 'help remedy this unhappy
situvation we shall make major efforts in the next few months

tc augment the gravity data set in this region.
Local Studies

We -have beqgun to interpret gravity measurements made in
tke vicinity of three granitic bodies - the Edgefield
granite, the Rolesville tatholith, and the Petersburg
granite. Results for the Rolesville and the Petersburg
areas are as yet incomplete, but the study of the Edgefield
granite is very nearly finished, and many results from that

study are presented in this repert. .
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Edgefield granite (Cuffytown Creek pluton)

The Edgefield granite is a granitic body located in
southvestern South Carolina (Figure C-U4), Although its
exposed area is fairly small, a rather 1large, negative
Bouguer ancmaly is coincident with it. A gravity study of
the Edgefield vas begun in January, 1978; the principal
objectives of the study were: 1) to place bounds urpon the
total depth of the pluton, and 2) to estimate the shape of
the body within the subsurface. Examination of the gravity
data surplied us by NOAA revealed that there were only two
measurerents in their catalog which wvere located upon the
exposed portion of the plutcn. Therefore we acquired some
150 additional measurements in the vicinity of the pluton.
These are all tabulafed in Table C-1: the locations c¢f most
of these reasurements are alsc shown in Figure C-4 (somé
stations 1lie outside the boundaries of Figure C-4).
However, the NOAA-supplied measurements were -used to
estimate the lcv-frequency (regional) portion of the field.
This part of the field was subtracted from the rav Bouguer

field; the resulting field is termed the apncpalous field.

The term [residual_ field or residpal _apomaly will be used
only when comparing model fields to the anomalous field: .in
these cases a "residwal" is defined as (anoraly - calculated

value).

C
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TABLE C-1 {continued).
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’GRAVITY HEASQREHENTS NEAR THE GRANITIC PLUTNON LOCATED NEAQ “CCHRMICK, SC.
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TABLE C-1 (continued).
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nare

GRAVITY MEASUREMENTS NEAR THE GRANITIC PLUTON LOCATED NEAR MCCORMICK, SC.

GRAVITY REDUCTIONS:
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TABLE C-1 {continued).

GRAVITY MEASUREMENTS NEAR THE GRANMITIC PLUTON LOCATED NEAR MCCORMICK, SC.

14/92/78

NATE ¢

GRAVITY REDUCTIONS:

- ANMEN OO0 O

R SO0 O O

AN NOME OO

—_NAEIN O OO

L AN AL il A d

NOOOOQOOQOI ety pripdotedpmi el OF NN NN AANOMNOMANMNG E ST T IS0
ot . bt ot i —

o - .

[x]

b 4

DULLLLOLLLLY UL OULILOUL LDULULLLDOLLY LOUULLLVLLY

——ENEFE OB OO MM SR OMT OO =NAEINONRCO - HMNMENOND0O [

- OOCCODOO D - iamicd e ittt mi (g NNNNNANNNS  MEa@O@AmEMnne - OCocacacoco

- vt oot - wt\] 1 U O e 8D O ot

- O00COO0DOC QO0COOC000 OOCOOOCO00 COCOnOOCo0n [o)a] ol alalal <l al=Ta]

WU LU

ENCE

z . .
C VOOV DD Y=~ 0D
et gt ol i ot gt et oyt (0 bhond
L~ alalalalolalT ol
Werl bW ww
W

Ww wwud'wwu:

[ TSI TR T T T

Uy W wLuiwue

AL WA HA WAL IR

OB DODBLO D DLODDOLVLY OHODHHOB OO0 A‘A‘M“MMMM
st ot ot -
QCO0OO0O00 QCCOOOON00 DOCOrLCCCO tottanoncc

Uiy WL 'wu wuw

[T TR ITRTE O TR P ALY

[TITRTRIUTY AU TR

wv
o <, . A
M ONNNOM DM OO OCONSEAAN MINOD DO M ONGOON SN
QWO NAO M OF OGS ONINONO O O OMN~MNMOY  DOD$ =00
WD s e st o e S 0% 600 ss 08 'OV OB e Peesatiébene
QOO ENONME sttt S ONONM DN O N O ot ot TSNNSO NN
ZOwmam |10 B L | [ [ ] el Lo RN
~-C | (]

<
- - N : -
MO OLLMAND N  NPOOAUD=DNUND MO HEMENOONEO
QPO OFTONDN Ot midmi Vmi PNl i Omif MOOMNN  AN—NO OO NN
Q) *etes0a5s s 900 8 g0 80 40 e 8 0 6 g0 g8 00 R EF XN ENY]
ZUOITHOuOE MmN VOVCINO~AN O™ INAOMMEmimN  SNANOM-C ¢ OO
-l . ot bt -t et NN N P I T )
w

MODVCDVDOOON ADOOCDNTCDOR OPCMNNNNG NP PO
LI OO omtomt ol st bt NI (Nt O] ol et gl e et el it ondved ol OGN O IN N et ot ot ol (N O
LG esdpoeni s (XXX XXX ERE] ® 60 0ot ‘(R EI IR X

OO0OCO00C00 OCOOOOO0DC COCOCOODO0 COONO0NOO0O
-~ ONO= MM it PV F  ODNO NO~N OO 168%836730:6962595371
VWM MMAMSNOND AMANOTRNORE wO=TOnOODRE VOOOME=em
B ss et taestas P00 004000 20408008 e0 e 8080500
DO O PAMN AT it S ONO A PNt O P O iD= CONNNNNONM
DDmemi I 1 1} et 1 [} 1 Ealalad ot {4} 0
-0 | . - . . LR R

o< . .

o .
)!“675632951 MOOADN NN CNEAOIAROMN MOMEINOVIND
WG 3 OOFONOR O~ wlified Ard TN =N+ Q- VNN MO =INO OV P NN
W) se0 e a8 s ae 8 a0 P OPPTE ae bt aaseses LI R A I B NN N N ]
NWOC OO =D $MM 00X CNONL =t INNDOM@AS N PN OM G ¢ O
Swm ot sy ol gt ol 02t gt el e g 0l et =t el - NNNNOMO N L T Y]
- 4 .

o

= 0N O st e MU (N COP CONOMEOTE L VOOCMONMROR $MAODMNONO
KON DT O Tt NOT BNt Dot NS ENANROS MDDV
S ERAEEARE IR 29 00 p 00 IR RN E NN AR RSN ENS
OOy CONMONCOmead VOMNOMNINIE  CNTheMMNDD

NOOOQ Ot O P N otO btk Qi et ot £ it it NN NI NN O bt gt ol i ot ot
NOD OOV LOOIN NYOVOVOOVE OVVVDOVOLOL VNNV D VD000
DOCCCCCONTr CCRCOTOI0e COSCOORE OO CORD
F A A o N e o e R T gt e e e e e

COCOrOrOOT DOOCRORNTN OOCCCRCONe OCTCrTOOOD

COO00NNo00 AOBNSO0000 OQLO0CA00CH C0OAQDRQO0
e e8RS0 008 8038060608 66000600800 000 SIeNe
WONCMOL~OME CONPOITUNN CALOOSODOM MuDmdL oM
A POVt st Pt GOND Nt Dottt F o IVO F At COCP vt st D F N OO
WNSELLENA LN WP FELNETLEL CFELINANAND INNEMES T T
WINADNE AP ON 00 LONOO0M CAN~ANOEOEO QONNNSDED0
COONN~OMO ~mt . BNODOP DNV NLLCBOMODO~ DOONNTNE M
Deeess et gtr Ss'P Vs eIP IS LR EEIREEE LSS EECee
TR0 oM OMMad OONDM MODMMDNCTE FODOOCCCO0
o —tond ot -t ot
o
L ZNNNANNNNNAN NN NN N NANAINAANAA NN NN NN
7 WP BD D OX OOWDVHODOV O €0 M DL P DATD® : WL DOOLVCDD
-t ] :

WONDALMOOLP SNNIDONRNN ON=Dmh NG ORMOMla®~ O
OONOMTPE ST MODONSELD0 POMIGONON O@ FINRRT wn
Deeteres s 08 50008 00e0 s C40seasees 80000000
OMNNONNING IO =t P F ANMNOCOONN =0 OND O OB
(RIS 400 £l gL R T ] nunneInnn
-

COMNMAMOAAM RN MG AOAMAMEL ST  TAMMMMMMMm
L dMAAMEOMAM S OMOMMAMMIMAEO MMM ammmeas MEaMMmaMmmamm
z N

DUUUQUOVOUY ULLUYLUVLWVG DLDWOLLLLIILY  ULLIDLLLLLL)
et IS N OND OO - s 5“78 O mNMENOMOrO 123“567890
uoooooajmo-l el it g gt v pmbod 2t N 22&2222223 H.J.J;.’.U.J-’.J.Q
~0OO00CO000 OO0ARODOOA COOO0A0O0N 000DOO000a
VWIWWWMWALGWW MWL MWW W WWWWIWUALWALW  WHUWAWWWL W

L

wuwuwruug

OO =M D=-OM
N M-t 0N
ee 0t o0 st
N=OOOVOMOON
ﬂﬂ._......

TN DOt O
ARG Ot ot PO
SS9 ®0 00 o8 e
-t 0O BmNOET
- gt ol ol

Mt OP PO OO

T NN N ot N NN

L XX
0000000000

PoOn et of 00 =t 0O NIA- Y
1“0“935584
s e 8 a0 g8 o0
NNPDOLMOOD
ﬂﬂ_..__.._

UM i i of P
OO i et F 0
et e 05 s
- DODNOL T
-4 o

OCDNDUN O it
NOOM ot o 1 ot Ot
CRC I I R B B B IR

LYY
000000000

sss s s s
=0 DN B O N
O P NAIND

R S LA

—g) DM P WY
POEEDOMPO

R

VOO COOWOD
e L]

NN NN NN
DD MO0 €0 0 VX M

et Dbyt O P
Ot TN QAL X
S0 et s s s
A al el 20 d
WIANIUAE NN

Dalaisidndaalndaalalialol

333333 Ll atal

0
DODDDDDDDD

w N O PUNO P Dt

[o]afalaTalaTaletaln]
WAL WAL WA W

c-13




Cc-14

Trend apalysis. In order to estimate the lcw-frequency
portion of the Bouguer field, Qe used measurements 1lying
within tub'regiohs contéining the pluton. The technique
vsed wvas to fit, by least-squares, orthogonal polynomials
directly io the irregularly ”distributed peasurements in a
manner described by Whitten (1970),’using a modified version
of the program of Whitten ~(1971). The advantage of using
crthcgcnal polynomials is that each orthogecnal coefficient
is independent of other such coefficients; thus the deletion
of any particular orthogonal polynqmial does not affect ihe
coefficients of any other pclyncmial. Moreover, the use of
such a technique allows the construction of a z2-array
(6rant, 1957; Cldham and Sutherland, 1955) by which this«
orthogcnal coefficients that contribute significantly t5 ~he
trend may be identified. As discussed by Grant (1957), even
the use of the z2-array rarely permits an unambiguous
distinction between polynomials that are associated with the
trend and those which are not. Nevertheless, use of the z2-
array technique tc identify those polyncmials associated
with tbe trend nearly alvays leads to trend surfaces which
differ tut 1little, even accountingrfor the above-mentioned
ambiguities. | |

Tvo regions were used for the trend analysis of the
Edgefield area because we wished to investigate the
dependence of the estimated trend upon the size of the

regicn considered. In each case, there was a remarkable
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separation between :those poclyncmials associated with very
large z2-values. Each analysis ipdicated that the (0,1) and
(1,0) orthogonal polynomials were those associated with the
trend (¥). In the inmrediate vicinity of the Edgefield
granite, differences between £he calculated trend surfaces
were < 1 mgal, Somewhat arbitrarily, we <chose the surface
calculated from the smaller region: this surface predicts a
kackground field of roughly ¢«8 mgal cver the pluton, thus
yielding a total anomaly of -27.2 mgal. Contours of the
trend surface used are shown in Figure C-4, along with the
distribution of stations and the station codes of Table C-1.
The standard error of the surface fit wvas 5.0 mgal; this
provides an estimate of the uncertainty of the maximunm
amplitude of the anomaly. This is important because this
error is a major source of uncertainty in the determination
of the total depth of the pluton.

Density contrast. The average wmodal analysis of the
Edgefield granite is as follows (S.W. Becker, pers. comm.,
- 1977) : - 35%  p1agioc1ase ‘i[An{O1)-6r(01)—Ab(98)};‘ 28% K-
feldspar [An{0)-Ab{02)-0r (98) ], 33% quartz, 2% white mica,
2% other minerals. The méan*dehsity ‘of the rock based upon
this avérage analysis’ {using 2.7Bfgh/cc for the density of
the white mica) is 2.62 gmycc. The dénSity of this rock may
change systematically with depth,'bUt‘uillx probably remain
at values < 2.70 gm/cc. '

{*) The notation of Whitten (1970) is used to identify the
particular orthogonal rolynomials used.
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The densities .of the rocks into which the  pluton has
intruded are much less well-known than the density of the
pluton itself. These rocks have been studied but little,
partly because they are less well-exposed than the gramitic
rocks. The few exposures examined by this writer appear to
be slightly metamorphosed pelitic rocks. These rocks are
not expected tc have densities greatly exceeding 2.75 gm/cc,
thus ipdicating an estimated density contrast of 0.15 gm/cc.
However, because the mineral assemhlagés comprising these
rocks are unkncwn and because the rccks have not been well-
studied, the bulk density of these rocks may be as high as
2.85 - 2.90 gm/cc, implying a density contrast of -0.25
gm/ccC. Densities > 2.90 gm/cc are possible but very
unlikely, because such high densities would lead to a large
Bouguer high in a broad region about the Edgefield pluton, a
high that is not observed.

In summary, the density contrast between the Edgefield
granite and the surrounding rocks may easily be within the
range -0.25 to -0.15 gm/cc, the range of uncertainty being
chiefly the result of the large uncertainty in the density
of the ccuntry rock. lalthough the density contrast may well
vary systematically with depth, so little is known about the
density distribution in thé ccuntry rock that construction
of gravity models incorporating such systematic changes is

not sarranted.
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Gravity _models. Gravity modeis of the Edgefield
granite were constructed using Plouff*s (1976) technigque, in
vhich a thfeéfdimensional, approximation to the body is
ccnstructéd using vertically-sided polygonal prisms of
finite ‘fhicknessg Each prism is ccnstraihéd to Lave a
horizcntal top and base. This method differs from the very
popular method of Talwani and  Ewing (1960), vhich
apfroximates a three-dimensional body with a vertical stack
ofipolygonal lamellae.’ Plouff's méthod uses exact equations
for each polygonal prism; thus for many bodies fewer
" pclygcnal prisms are necessary when Plouff's technique is
used instead of Talvani's method.

Initial models were constant-densify‘ models whose
Fclygcnal boundaries wéte deSighed: tc coincide uith the
exposed outline of the Edgefield-grapite. The depth of each
of these models was;suffiéient to;fit’thé paximus amplitude
of3the observed adomaly, 427.2-mga1; ‘A1l  such models gave
;oqufits to thé gravity'anéﬁéiy. gnd“iﬁ was apparent that
an areally wmore éxtensive;boay_vés feqnited,-Aat least nearb
thé suﬁface. subéeguent modeling ofv‘the plutcn yielded‘
bodies such as the one shown in Figure C-6. This model is
nct considered a final model, but is sufficiently close that
c:iy small chahées in the shape oﬁ thetupper portion of thev
body will be sufficient to wmatch the . anomalies
satisfadtorily. The rms error of the model shown is & mgal;

the mean absolute error is 3 mgal. The distribution and

values of the residuals are shown in PFigure C-6, The KNE
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Gravity anomalies near the Edgefield pluton.
is the exposed portion of the pluton.
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Figure C-6. Outlines of a polygonal body which models the
granitic pluton: numbers shown are the residuals (cbserved
ancrmalies - calculated anomalies) from the model.
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side of the model is fairly steep because of the fairly
large gradient in the field in that area, However, there
exists a positive source of anknown origin N¥ cf the model
(Figure C-5); hence, the high gradient in that vicinity is
somevhat misleading. Until more is known about the source
of the positive anomaly to the NW, nothing definite may be
said about the steepness of NW side of the plutorn.
“Generally, the inferred shape of the' pluton is that - of an
elliptical\funnelz the shape in plan' of the model is shown
in Figure C-6, and the vertical coordinates of the polygonal

prisgks are given in Table C-2.

Taktle C-2. Polygonal prisms of Figure C-6.

D e i e D T D i e i e S a0 WD Y A G TSRS W i — S - ———— — ——— — W T ks T i S S R YR Y A P e e A > o
g 2 P i Tt S A

Prism No. Depth to Top Thickness Density
{km) (km) {(gm/cm3)

1 0.0 0.5 -0.20

2 0.5 0.5 -0.20

3 1.0 0.5 -0.20

4 1.5 4.7 -0.20

P 2 2 X 2 2 HF I+ 2+ 4 > P+ 2 o 5+ 2 S$-3 53 3 5 4 3]
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Because of the large uncertainty concerning the proper

density contrast, Figure C-7 was prepared to display the

possible models in a convenient wmanner. This figure shows,
" for several values of the density contrast, the total depth

. of prism i (Table C-2 and Figure C-6) required to fit the

maximum am?litude of the gravity anomaly. For example, if

we use 5.0 mgal as the uncertainty of the maximum amplitude

" of the anomaly, then for a density contrast of -0.20 gm/cc,

‘ the tctal depth of the pluton is 4.2 - 9.9 kam, vith a most

probatle value of 6.2 km. Depth limits for different

- density contrasts may be read from the figure.

Interestingly, for density‘ contrasts as small as =-0.15

| gmscc, the required total depth of the pluton is 7.6 km to

infinity, with a most prohable,value of 16 km. This seems

an unreasonably largé value for the depth of the pluton, and

~ suggests that -0.15 is too small (in magnitude) a value for

 the density contrast.

"Rclesville and Petersburg granitic rocks

We have used the data provided by KOAA to estiﬁate the

ilow-fteguency components of the Bouguer field in the

vicinity of the Rolesville batholith- and the Pefersburg

granite. The techniques used thus far have been the same as

those used to estimate the gravity trends in the vicinity of

the Edgefield, sé,\plﬁton{




TOTAL DEPTH OF MODEL (km)

o

o

| |
-20 -25 -30 -35

MAXIMUM AMPLITUDE OF GRAVITY ANOMALY (mgal)

Figure C-7. Total depth of polygonal model of Figure
C-6 shown as function of the maximum amplitude of thLe
gravity anomaly for several assumed density contrasts.
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;_sv111e bathollth. Slxth degree, wﬂ}efﬁﬁééonal

l

pblyncmials were fit to about 2900 gravity measurements 1n

tzhe quadrangle 77°'80°W-. 35°-37°N- The ordered z?-array
resulting associated “wlth the orthogonal polynomlals ie
s%ovn in Figure C-8(a). Only those orthogonalipolynomiale

indicated in that Figure were used to esffmé€e'€ﬁe regional

trend of the Bouguer field, The resultlng ‘trend surface 1s
shown in Figure C-9, elong with the butline of the

Rblesville batholith. This trend 'surface predicts r gional

o
<,

Bouguer values of up to +1u ..mgal, thus indicating e total

e

MJSO.Mmgal over. Qsone mpertions”vbf the

ancmaly of abouf

[y

bathollth The ras error assoc1ated Ulth thls trend surface

'5‘7;

is 15.9 mgal.
% The NOAA catalog contains only 18 gravity measufeﬁents
that are actually located upon the Rolesville batholzth.
Because of the small. nnger of these measurements, we a:e
piesently acquiring more gravity measurements ovee this
bedy. Purther efforts will also be made fo estlmate the
low-frequency gravity field over the bathollth es tge
est1mafed amplitude of the regional field w111 be cxltlcal
to the estimation of the total depth of the bathollth. ‘
ggtegg urg_grapite. A 51m11ar ana1y51s of ‘the Bouguer
field in <the vicinity of “the ?etersburg granite i@
sehtheesteth'Virginie has begun. 2 Bouguet:andmaly of -20
mgal occurs over thie“boay“‘(VPIGSU-S103-5.7Figure C-%5); the

regional trend surface, calculated from the indicated
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"Figure C-8, Normalized z2-array for {a) the Rolesville’

area trend surface and (b) Petersburg area trend
surface, Numbers in parentheses refer to the
orthogonal polynomials associated with each z? element.
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crthegcnal coefficients of Figure C-8(b), predicts Bouguer
values of 0 to -13 mgal over this body (there is a
proncunced negative gradient to the southeast). This trend
sugigéé;gés"caICnlatea ftoh“"éhout.5800<gtavitj megsuréments
occ;:gihé'ﬁin"the ﬁguadrang%g;?él 1/20-78 1/2°W., 36°-380K.
Thu§x§he7;¢té1'amplitude'dg ‘the anomaly atttibutable‘tq the

Petershurg granite may be as high (in magnitude) as -30

mgal. The trend analysis in the Petersburg area is in its

initial stages, and more work is ongoing to further define

the regional field.

(\
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. GEOTHERMAL GRADIENTS, HEAT FLOW, AND HEAT GENERATION

J. K. Costain, L. D. Perry and J. A. Dunbar

Figure C-10 showvs locations of holes drilled to date by
VPI&SU in the southeastern United States., Table C-3
summarizes 'gecthermal gradients, thermal conductivity and
heat flcw determinations available  to date for tkis
contract. This table appears in each report, beginning with
VPIESU-5103-4, and is periodically updated as thersal
conductivity and heat flcw determinations are completed.
Slight changes in the gradients that will appear in Table
C-3 are the result of relogging these holes as they reach
therzal equilibrium. Changes in gradient are not expected
to be more than a few percent. Holes drilled in <the
Rolesville batholith are nov being relogged.

The methods by which thermal conductivity and gradients
are determined are described in previous reports
(VPIESU-5103-1,2,3,4). New thermal conductivity values are
reported herein for RL1, BRL2, and SB1 and are included inmn
Tables C-4, C-5, and C-6. Additional thermal éouductivity
values for RL1 and SB1 resulted in changes of thernmal
conductivity of -1.2% and -2.2%, respectively. 1In both
cases the standard deviation decréased.

Heat flow values are determined in two vways: (1
multiplication of the average thermal conductiiitj over an

interval by the gradient corresponding to that interval; and
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TABLE C-3 SUMMARY OF HEAT FLOW DATA e . - PEBRUARY 17, 1978

LOCATION LATITUDE LONGITUDE DATE " HOLE DEPTH -~ - GRADIENT? CONbUéTIViTY'K ~ . HEAT PLOW
LOGGED™ DEPTH INTERVAL : ‘(°C/KH) . (MCAL/CH~-SEC-9C) ( CAL/CM2-SEC)

(METERS) (METERS)
LIBEKTY HILL - KERSHAW . : .
PLUTOMN, LANCASTER CO., PR R ' : .
SOUTH CAROLINA oo IR RS LT B IR s
KR3 34032020% 80°44°51" 11/18/76 277 316.8-404.3 14,91 $0.02 (36) - 7.4 20.57 (24)¢ -*1.07 £0.098
- 334.3-341,.8 14.68 £0.07 (4) ~6.94.2£0,47 (3)¢  1.02 20,078
: - o A e 1.02 £0.032
344,3-356.8 15,06 £0,07 (6) _ 7.09 £0.54 (5)¢ 1,07 0,091
e R 1,05 £0,022
, 359,3-369.3 14,88 30,07 (5) - 7.33 £0.20 (43¢ . -1.09 20,043
. < 1,09 £0,012
371.8-384.3 14.85 20.06 (6) 7.07 20,28 (5)¢ 1.05 £0.05¢
» _ AT 1005 s0,012
386,8-401.8 15,00 £0.13 (7)  6.94 £0.69 (6)¢ 1,04 £0,111
- 1'.0“ $0.012

RION PLUTON,
PAIBPIELD CO., S. C.

WN1 . 3ye18e48" 8190842 /57717 S574.3  24.24-571.74 18.18 zo.du (220) 5.067t0.2u (26) 1.47 20,051

ROXBORO METAGBANITE,
PEHSON CO., N.C. _— S e

RX1 36°23012% 78958'00%  5,19/77 240 146.8-209.3 10,83 £0.03°{42) 8,97 £0.41 (32)  0.97 £0.051%

146.8-184.3  11.03 £0.06-(16) 9.08 20,11 (15) 1.00 £0,023

3 ey 1.00 £0,012

219.3<231.8  10.94 £0.12 (16) 9.76 £0.59 (5) 0.96 20,083

, o : 0.95 £0.012

RX2 36025031% 790901°53%  5,19,77 214 149,3-209,3 - 11.20° 0,04 -(25) 8.77 $0.45 (23) 0.98 £0.051

149.3-189.3 11,30 £0.07 '(17) 8.87 £0.21 (16)  1.00 £0,03}

‘ ~ RO s 1.00 £0.032

191.8<209.3  11.05-$0,04 (B) 8,54 £0.73 (7 0.9% £0.08?

: Sy ; 0.95 £0.012

RX3 360251 39% 78953142%  8,7/717 211.5  134,9-199,9  10.36.40,22 (14) 8.33 £0.58 (14) 0,86 $0,08}
144.3-169.9 10.43 30,37 (6) 8.40 20,67 (10) 0.88 £0.10%
181.9-194.9 ~- . 9,00 20,46 (3) 8.14 £0.25 (u) 0.73 0,061
SLATE BELT , '
PERSON CO., N.C. o :
sB1 36919440% 78050¢00"  6/5/77 211.5 81.7-181.7.- 11.70 £0.09 (28) 8.21 £0.86 (10)  0.96 20,11}

99,2-136,7  11.08 £0.50 (8) 8,28 $0.69 (7) 0.92 £0.121

‘ 0.89 $0,052
139,2<151.7 14,47 £0.53 (6)  7.87 £1.03 (5) 1.18 $0,20?
R 1.12 20,032
166,7-171.7 12,80 20,23 (3)  8.23 £0.23 (2) 1.05 £0.05!
; 1.05 $£0.012
1764.264-179.24 13,80 20,12 (3) 7.01 30,64 (2) 0.97 $0.101
0.96 $0.042

i81.7-204,2  10.95 30,33 (6) 8,18 0,24 (5) 0.90 $0.051
0.89 £0.032

0E-D




TABLE C-3 SOUNMARY OF HEAT FLOW DATA FEBRUARY 17, 1978

ROLESVIILE BATHCLITH,
FPRANKLIN CO., N.C.

RL1 36004115% 78007'43% B8/16/77 210.6  182.5-210.0 19.05 £0.11 (28) 7.52 $0.39 (26) 1.83 £0.08!
T : 145.0-210.0 19.06 £0.12 (27) 7.52 £0.39 (26)  1.43 $0.081

i 1.48 0,012

RL2 36047 17" 78925004  9/14/77 212.8 27.4-209.8 18.61 £0.20 (74) 7.22 $0.35(13) 1.34 £0.08?
: 108.9~-129,9 16.00 £0.00 (7) 7.33 $0.80 (6) 1.17 £0.07!

7.13 10,32 (6) 1.18 £0.012

192, 8-207.% 18.00 10.86 (7) 7.13 20.32 (6) 1.28 $0.09?

1.28 20,042
BL3 35957905" 768920¢00" 10/19/77 121.9 42.5-132.5 13.79 20.11 (37)

42,5~ 52.5 14,80 $0.40 (5)

55.0- 65.0 10.80 £0.80 (5)

67.5- 82.5 13.14 $£0.26 (7)

85.0- 95.0 18,80 $0.40 (5)

: ‘ 97.5-132:5 13.17 20,18 (15)
RLY 35083036% 78°19¢45" 10/19/77 196.3 102.8-194.9 15.348 $£0.12 (38)
102.8-128.9 15.01 20.44 (10)
152,4-194.9 16.63 +0.08 (18)

RL5 35951v17% 78028°¢54" 10/20/77 211.5 72.5-210.0 16.23 $0.03 (56)

PETERSBUKG GRANITE,
SUSSEX CC., VA,
PT? 36089459 77919%15" 10/21/77 253.0 14.9~ 87.4 23.09 £0.23 (30)s
) 92.4-154.9 17.73 £0.04 (26)¢
192.4-252.4 18.88 £0.14 (25)e

PAGELAND PLUTON,
LANCASTER CO., S.C.

PG1 340307257 80050°52" 213.4
LAKESIDE L e o 4
CUMBERLARD CO., VA, L ‘ ,
LK1 " 3Temyrase 78908527 9/16/77 205.0  59.3-208.3  13.46 £0.07 (58)

59.3- B8t.8 11.49 £0.07 (10)
121.3-144.3 14.30 £0.17 (10)
164, 3-204.3 13.31 £0.05 (17)

PEGHATITE BELT,
GOOCALAND CO., VA. ,
PE1 37045156% 78905937 9/16/77 200.0  119.8-199.8 15.17 £0,10 (33)

LE-D



TABLE C-3

CUFPYTOWN
(EDGEFIELD), S.C.
EDt

SILOAN

(GREENE €O.}, GA.
sat
sn2

RN & W N -

SUMMARY OF HEAT FLOW DATA

339551 1% 82007'10" 294.0
32031+ @306 ON SITE
33028 8303¢

INDICATES HEAT PLOW VALOE IS THE PRODUCT OF A NEAR GRADIENT AND A HMEAN THERMAL CONDUCTIVITY
INDICATES REAT FLOW VALUE IS FRON THE BULLARD APPROXIMATION

VALUE IN PARENTHESES IS THE NUNBER OF TEMPERATURE POINTS OR THE NUMBER OF THERMAL CONDUCTIVITY VALUES
THERMAL CONDUCTIVITY VALUES PROS 1.270 CN THICK SAMPLES
GRADIENT PROM THE SEDINENTARY COVER OF THE PLUTON
GRADIENT PROM WITHIN THE PLOTONM

PEBRUARY 17, 1978

CE-D
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TABELE C-4.
THERMAL CONDUCTIVITY VALUES FOR CORE FROM DRILL HOLE RL1

(CASTALIA PLUTON).

TEBR!!L COHDUCTIVIT! VALUBS PRON CORE UF LRILL HOLE RL1
(SAHPLBS ARE 2.680 CM IN DIAMETER BY 1.270 CM THICK)

sacoeoeimasazszasssamscasssssssscasssizzsssszssszss=ssssress
SAHMPLE DEBTH THERMAL CONDUCTIVITY
NAME (METERS) HCAL/CK-SEC-°C
sssamz=mz=ss==sss=ss=m=s=s=sa=zassssssss=szssss e
BL1-163 49.7 7.70
BL1-476 : 15,1 6.0
RL1-484 147.5 7.81
BL1-092 50,0 7.51
RL1-500 : 152.4 7.06
RL1-508 154.8 7.58
FL1-516 157.3 7.87
RL1-525 160.0 , 7.59
EL1-533 162.5 - 7.62
RL1-541 1649 7.36
RL1-549 167.3 7.15
§L1-558 101 1.7
BL1-565 172.2 7.49
RL1-574 175.0 7.69
RL1-582 177.4 7.63
RL1-590 179.8 7.31
RL1-598 182.3 7.94
BL1-607 © 185.0 7.86
EL1-615 187.5 7.02
RL1-623 189.9 7.87

RL1-631 192.3 8.22
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TABLE C-4 (CONTINUED).

THEEMAL CONDUCTIVITY VALUES PROM CORE OF DKILL HOLE RL1
(SAMPLES ARE 2.680 CHM IN DIANETER BY 1.270 CM THICK)

_7~-—;:;;LB T ;EPTH THERH:; CSESECTIVIT! N
NAME (METERS) MCAL/CN-SEC-°C
=m=n=s=ss=sas=scssss=sssxss=ssssssszz=zs=srox z====

EL1-639 194.8 7.36
BL1-647 197.2 7.93
EL1-656 199.9 7.54
BL1-664 202.4 . 6.90
RL1-672 204.8 7.53
RL1-680 207.3 7.88
AVERAGE 7.53
STANDARD DEVIATION 0.38




TABLE C-5.

c-35

THERMAL CONDUCTIVITY VALUES FOR CORE FROM DRILL HOLE RL2

{ROLESYILLE BATHOLITH).

THERMAL CONDUCTIVITY VALUES PROM COEE OF DRILL BOLE RL2
(SAMPLES ARE 2.680 CM IN DIAMETER BY 1.270 CM THICK)

=”’=§i§§2§’=’*”"”====§Z§§§f””’$;£§;;L CONDUCTIVITY
 HAME (SETERS) MCAL/CH-SEC-9C
St St S A -
BL2-348 106.1 7.19
RL2-356 108.5 7.25
RL2-364 111.0 6.95
RL2-374 114.0 8.11
FL2-380 115.8 7.37
RL2-388 118.3 7.1
EL2-405 123.4 7.07
RL2-635 193.5 .84
BL2-643 196.0 7.58
BL2-651 198.4 6.77
BL2-660 201.5 6.95
RL2-668 203.6 7.32
BL2-684 208.5 7.30
AVERAGE 7.22
STANDARD DEVIATION

0.35
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TABLE C-6.
THERMAL CONDUCTIVITY VALUES FOR CORE FROM DRILL HOLE SB1

(SLATE BELT). .

THERMAL CONDUCTIVITY VALUES PROM CORE OF DRILL HOLE SBt
{SAMPLES ARE 2.680 CM IN -DIAMETER BY 1.270 CM THICK)

RS sscssSacssresrSsSSISISsSsosSsEzssosaszss sZazs===== ===

SAMPLE N " DEPTH THERMAL CONDUCTIVITY
NAME ‘ (BETERS) MCAL/CM-SEC-°C
zs=s=asssassscosscacSEsassszszawsissos sz=szazsdzzszazass
$B1-178 54,3 7.89
$81-218 66.5 a.ozr
SB1-284 86.6 8.17
$B1-333 101.5 8.02
$81-407 124.0 6.83
SB1-815 126.5 a.sz‘
SB1-424 129.2 ’ 8.56
SB1-432 131.7 8.84
SB1-440 134,1 8.45
SB1-448 136.6 8.65
SB1-457 139.3 7.70
SB1-465 141.7 3.18
SB1-473 144,2 6.65
SB1-481 146.6 8.62
SB1-497 151.5 7.21
SB1-555 169.2 8.40
SB1-563 171.6 8.07
sB1-572 174.4 7.46
SB1=-580 176.8 6.56
SB1-612 186.5 8.05
SB1-621 189.3 8.u8




'TABLE C-6 (CONTINUED).

THERMAL CONDUCTIVITY VALUES PROM CORE OF DRILL HOLE SB1
{SAMPLES ARE 2.680 CM IN DIAMETER BY 1.270 CM THICK)

SANPLE DEPTH THERMAL CONDUCTIVITY
NAME (METERS) MCAL/CH-SEC-9C
‘SB1-629 191.7 ¢ 8.29
sB1-645- . 196.6 . 7.86
$B1-662 201.8 8.23
" AVERAGE > co . 7 8.03

STANDARD DEVIATION 0.68

Cc-37
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(2) the Bullard approximation (Bullard, 1939). The results
are the same within experimental error.

Heat tlovw values deterwmined to date for this contract
are shcwn in Figure C-11.

Scme ground water diSturnance. aﬁd effects of thermal
disequilibrium are evident on the temperature profile and
gradient in RL2 (VPI&SU-5103-5, Figure C-2, p. C-4),
especially at a depth of about 150 m. Table C-3 lists three
heat flcw determinpations from three different intervals.
The heat flcvw value vith the spallest standard deviation is
1.18 ¢+ 0.01 AFU from a 15-meter interval at a depth of 105
m. Until the hole is relogged, the value from this interval
will be taken as representative of the heat flow at RL2.

Additional values of heat generation are now available
from core (RL1) from the Castalia pluton and are given in
Table C~7. New values from the Rolesville batholithk (RL2,
RLY, £KLIS5) are given in Tables (-8, c-9, and C-10.
Additicnal values from our reconnaissance survey are listed
in Table C-11., Heat generation values from core from the
Petersburg granite are given in Table C-12. New values of
heat generation for surface samples of the Petersburg are
given in Table C-13. 211 of the values from RX2 in the
Roxborc metagranite are nov complete and are given in Table
c-14,

A hole drilled almost to basement by private industry

in Wayne Ccunty, Georgia (31°22*'N Lat., 81°%43°'W Long.) in




— —— - — —

o 00 Miles

Figure C-11. Heat flow values determined to
this contract.

c-39
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TABLE C-7 HEAT GENERATION DATA FROM CORE OF DRILL HOLE RL1 Cc-7-1
HEAT GENERATION,

SAMPLE DENSITY, ORANIUNM THORION POTASSIUN A X 10-13
DEPTH INTERVALS NO. GH/Cn3 (u),rbn  (TH),PPHN (K),% K20,% CAL/CN3-SEC
Teermy  meremsy T T — e
90-96 27.4-29.3 RL1-090 2.63 5.8 12.2 2.9 3.u: 6.‘
180-186 54,9-56.7 RL1-180 2.66 5.2 1.4 2.9 3.5~ " 5.6
203-210 61.9-64,0 RL1-203 2.66 4.6 11.9 2.9 J;S’ 5.4
220-226 67.1-68.9 RL1-220 2.66 4.8 1.8 2.7 3.2 5.8
234-240 71.3-73.2 RL1-234 2.65 4.5 12.0 2.9 3.4 5.5
253-259 77.1-78.9 RL1-253 2.65 4.7 11.6 3.0 3.5 ' 5.4
273-279 83.2-85.0 RL1-273 2.65 5.0 11.7? : 2.8 " 3.3 5.5
294-300 89.6-91.4 RL1-294 2.63 4.9 t1.8 “ 2.8 3.3 5.0
312-318 95.1-96.9 RL1-312 2.66 4.9 11.6 2.8 3.4 5.5
4os-414 124,4-126.2 RL1-408 2.65 4,6 11.0 2.8 3.4 5.2
584-590 178.0-179.8 RL1-584 2,68 5.5 12.0 2,8 3.3 5.8
624-630 190. 2-192.0 RL1-624 2.59 6.0 11.8 2.7 3.2 6.0
673-680 205, 1-207.3 RL1-673 2.64 5.4 13.0 2.8 3.3 5.9
AVERAGE 2.64 5.1 1.8 2.8 3.4 » 5.6

STANDARD DEVIATION 0.02 0.5 ‘ 0.5 0.1 0.1 0.3

ot=0




TABLE C-8 HEAT~GENERATIOH DATA FRO# CORE OF DRILL HOLE ERL2 c-8-1

" SAMPLE
NO.

DENSITY,
GM/CM3

URANIUN
(u) , PPN

THORIUM
(TH) , PPN

HEAT GENERATION,

P S L P P L Ty e s PP L ey ]

DEPTH INTERVALS
(FEET) ’ (METERS)
67-71 L 28,4-21.6

135-14¢ Cr B 11A82,7

[ 204-209 - 62.2-63.7

1296-301 1 90.2-91.7

- 433-438 . 147.2-148.7

573-578 S1749,7-17652

“654-659 199.3-200. 9

293-698 211.2-212.8

“AVERAGE t

!

STANDARD DEVIATION '

“{2.67) « . ASSUMED DENSITY

‘RL2-066

~ RL2-135

RL2-204
RL2-296

RL2-483

¥ RL2-573

-RL2-654
"RL2-693

14.1

POTASSIUN A X 10—-13
(K) ,% K20,% CAL/CHM3-SEC
3.4 B.1 5.8
2.5 3.0 5.1
2.0 2.4 7.0
2.7 - 3,2 5.7
3.3 3.9 5.5
3.2 3.8 6.2
3.7 4.4 6.6
2.4 2.8 6.3
2.9 3.5 6.0
0.6 0.7 0.6

Lh-D




TABLE C-3 HEAT GENERATION DATA FROM CORE OF DRILL HOLE RLYH c-9-1
HEAT GENERATION,

SAHMPLE DENSITY, URANIUN THORIUNM POTASSIUNM A X 10-13
DEPTH INTERVALS NO. GN/CH3 (U) ,PPA (TH),PPM (K),% X20,% CAL/CH3-SEC

(eerm)  merersy D T T

10-15 3.0-4.6 RL4-003 2.64 5.3 19.6 3.5 4.2 7.2
69-74 21,0-22.6 RL4-021 2.64 S.u 18.6 3.4 4.1 7.0
w5-150 4y,2-45.7 RL4-044 2.67 8.8 14.1 2.8 3.3 8.2
212-216 64.6-65.8 RL4-065 2.65 4.7 16.1 3.4 4.0 6.2
221-224 67.4-68.3 RL4-067 2.63 5.1 16.7 3.1 3.8 6.4
262-261 79.9-81.4 RL4-080 2.67 6.7 17.8 3.2 3.9 7.7
298-303 90.8-92.4 RL4-091 2.64 5.3 18.7 3.1 3.7 6.9
377-382 114,9-116,. 4 RLY4~ 115 2,66 3.5 13.2 3.3 4.0 5.0
3185-391 117.3-119.2 RLU-117 2.64 7.6 17.1 3.5 4.2 8.1
432-436 131.7-132.9 RL4-132 2.67 4.3 18.8 3.2 3.8 6.4
442-846 134.7-135.9 RLU4-135 2.67 8.4 13.9 3.9 n.7 8.2
490-495 149, 4-150.9 RL4-149 2.66 4.8 17.4 3.4 4.1 6.5
528-531 160.9-161.8 RL4-161 2.67 3.1 9.7 4.6 5.6 4.5
550-555 . 167.6-169.2 RLY4-168 2.69 3.0 13.5 2.7 3.3 4.6
564-569 171.9-173.4 RL4=-172 2.62 3.1 13.7 4.0 h.8 4,9
597-602 182.0-183,5 RL4-182 2.66 5.3 16.8 3.4 4.1 6.7
619-625 188, 7-190.5 RL4-189 2.67 8.1 19.0 3.8 4.6 8.9

625-63C 190.5-192.0 RL4-191 2.66 5.0 18.0 3.4 4.1 6.7

Zh-0




TABLE C-9 'HEAT GENERATION DATA FROM CORE OF DRILL HOLE RLUY C-9-2
HEAT GENERATION,

SANPLE DENSITY, URANIUM THORION POTASSIUM A X 10-13
DEPTH INTERVALS NO. GH/CH3 (U) ,pPB  (TH),PPN (K),% K20,% CAL/CH3~-SEC
weeEmy  emmRs) T T T
639-643 1948,8-196.0 RL4-195 2.64 5.7 19.0 3.5 4.2 7.3‘
AVERAGE } 2.66 5.4 16.4 3.4 4.1 6.7
STANDARD DEVIATION ' 0.02 1.8 2.7 0.4 0.5 1.3

gEn-D




TABLE C-10 HEAT GENERATION DATA PROM CORE OF DRILL HOLE RLS Cc-10-1
HEAT GENERATION,

SANPLE DENSITY, URANIUM THORIUN  POTASSIUM A X 10-13
DEETH INTERVALS No. GH/cn3 (U) ,PPR  (TH),PPH (K),% K20, % CAL/CN3-SEC

(eEET)  (nETERS) TR T T
54-60 16.5~18.3 RL5-016 2.62 3.1 19.8 3.6 8.3 5.8
4-100 28.7-30.5 RL5-029 2.64 6.0 20.3 3.5 4.2 7.7
234-2040 71.3-73.2 RL5-071 2.64 2.8 22.6 3.6 4,3 6.1
33u-340 101.8-103.6  RL5-102 2.64 2.5 17.8 3.3 3.9 5.1
472-u78 143,9-145,7  RL5-144 2.65 6.5 13.8 3.1 3.7 6.9
569-575 173.4-175.3  RL5-173 2.65 8,2 17.6 3.4 8.1 6.1
AVERAGE 2.64 4,2 18.7 3.4 8.1 6.3

STANDARD DEVIATION 0.01 1.7 3.0 0.2 0.2 0.9

hh-O



TABLE C-11 HEAT -GERERATION DATA PROM RECONNAISSANCE SURVEY IN S. E. UNITED STATES C-11-1
: HEAT GENERATION,
SANMPLE DENSITY, URANIUM THORIUM POTASSION A X 10-t3
LOCATION NO. GN/Cn3 (v),PPH (TH) PPN (K),% K20, % CAL/CH3~-SEC
s==zzszs==ss=m=cssszssssssssasssssmsomscesooamSoommSssmmsEszoassssosssesassasemesecsmm=onoesmesssmcs
ELBERTCN GA  F7-80 (2.67) 1.4 51.8 4.0 0.0 8.8
CHURCHLAND 8C  P7-16 (2.67) 2.5 5.5 3.2 3.9 3.2
GASICNIA NC PT1-27 (2.67) 2.2 18.1 3.2 3.9 5.2
NT MOURNE NC - P7-20 (2.67) 3.0 18.1 4.1 4.9 5.9
GREAT FALLS sc  27-3 2.63 3.0 10.1 3.2 3.9 8.1
MT CARBEL ' sC  r7-42 (2.67) 0.8 0.6 5.0 6.0 1.5
NE®BEREFY sc  cB7-23 2,63 7.8 28,6 b1 4.9 10.2
NEWBEREY ., . SC CB7-28 - 2.64 ‘8.5 . -20.6 . 3.5 8.2 7.0
FINE CREEK MILLS . VA  FCMGR (2.67) 8.9 14.5 3.6 8.4 6.3

N

(2.67) ... .ASSUNED DENSITY,

Sh-2




TABLE C-12 HEAT GENERATION DATA FROM CORE OF DRILL HOLE PT1 c-12-1
HBEAT GENERATION,

SANPLE DENSITY, URANIUM THORIUN POTASSIOM A X 10-13
DEPTH INTERVALS NO. GH/CH’ (9) PPH (TH) , PPH (K),% KZO ] CAL/CHJ-SBC
(reEm)  (mermes) T T T
1083-1106 330-337 PT1-110*¢ 2.65 7.6 51.5 0.7 0.8 13.1
1345~1368 510-417 PT1-140 2.67 4.4 19.0 3.4 4.1 6.5
1772-1194 540-547 PT1-180 2.65 4,0 15.4 3.4 4.1 5.7
2083-2106 635-642 PT1-207 2.65 5.4 14.7 6.4 7.7 7.1
2234-2257 681-688 PT1-224 2.66 5.4 13.0 3.2 3.8 6.1
2411-2434 735-742 PT1-247 2.67 4,7 12.5 3.4 4.1 5.6
AVERAGE 2,66 4.8 14.9 4.0 4.8 6.1
STANDARD DEVIATION 0.01 0.6 2.6 1.4 1.7 0.6

*,..SANPLE NOT INCLUDED IN COMPUTATION OF MEAN AND STANDARD DEVIATION

9th-D



TABLE C-13

LOCATIOR

- SANPLE
NO.

DENSITY,
Gn/cn3

ORANIUM THORIUM
(U) ., PPN

(TH) , PPH

POTASSIUM
(K) %

HEAT GENERATION DATA FROM SURFACE SAMPLES OF THE PETERSBURG GRANITE

Cc-13-1
HYEAT GENERATION,
A X 10-13
CAL/CHM3-SEC

EER S A S B Lt e e i e s ey e R R s e e T P PP

PETERSEURG

PETERSEBURG

PETERSBURG

PETEFSEURG
PETERSEURG
PETERSEURG
PETEFSEURG
PETERSEURG
PETEFSEURG
PETEFSEURG
~péreaseuac

‘PETERSEURG -

'PETERSBURG

PETERSEURG

PETEFSEURG

PETERSEURG
PETERSEURG

PETEFSEURG

17}
YA

VA

YA

VA

VA

" YA

YA

VA

7
A
" YA

YA

VA

VA

VA
YA

VA

AB7-11C
AB7-118
AB7-17
AB7-21
AB7-23
AB7-26A
AB7-26B
AB7-3A

* 'AB7-38

‘AB7-41

" ABT-46

AB7-53
AB7-6A
“AB7-6B

‘AB7-61A

"'ABT-61B

‘AB7-62

" 'AB7-65

(2.67)
2.74
2.69
2.63
2,64

(2.67;

(2.67)

1 2.60
(2.67)
2.70
2.58

8.1
6.5
N
8.7
5.0
2.8
2.6
2.5
8.1
L 8,2
0.8
2.9
10.7
6.1
3.8
6.8

16.3

v 21.8

21.1
19.9
11.4
13.9
7.5
33.4
15.5
2.0
0.5
17.9
‘17.4
10.4
30.2

5.1
3.8

5.3
3.3
2.9

4,7

7.1
8.4
4.7
3.3

11.2
5.8
1.0
3.2

10.1
7.2
8.6
9.6

Lh=D




TABLE C-13 HEAT GENERATION DATA FROM SURFACE SAMPLES OFP THE PETERSBURG GRANITE c-13-2
’ HEAT GENERATION,

SAMPLE  DENSITY, URANIUM THORIUM  POTASSIUNM A X 10-13
LOCATION NO, Gn/CcHs3 {(u) ,pPM (TH) ,PPH (K),% . K20,% CAL/CM3-SEC

S=ss=ssssssscmmsszscmszsssSsssSsssssomESo=STISSEESSCSSCSSSEETRISSSS=EITEISSrsSSISoIssoossssssssszsssas
PETEESEURG VA © AB7-73 2.61 7.3 28.8 3.7 " 9.7
PETERSEURG VA AB7-75 2.63 11.1 13.6 3.8 4.0 9.6
PETEFSEURG VA AB7-76A (2.67) 0.9 2.3 0.6 0.7 1.1
PETERSBURG VA AB7-76B {2.67) 3.3 0.7 5.5 6.6 3.4
PETERSEURG VA AB7-8 (2.67) 8.5 9.6 3.7 4.5 7.6
PETERSEURG VA AB7-9A  (2.67) 2.2 14.1 6,2 5.0 4,6
PETERSEURG VA AB7-9B  (2.67) 11.9 38,4 3.6 4.3 13.7
PETERSEURG VA AB7-96B  2.60 1.1 18.6 4.2 5.1 10.4
PETEESEURG YA F7-3 (2.67) 8.4 13.0 3.6 4.4 8.2
PETERSEURG YA F1-7 (2.67) 5.4 20.3 3.5 4,2 7.6
PETEESEURG VA F7-8 (2.67) 6.9 20.2 5.3 5.1 8.6
PETEFSBURG-RICHHOND YA  F7-5 (2.67) 9,2 29.5 3.7 4.5 11.6
AVERAGE 2.60 6.5 16.4 3.6 4.3 7.4

STANDARD DEVIATION 0.08 3.4 9.4 1.1 1.2 3.2

(2.67) « « +ASSUMED DENSITY.

gh-0




; TABLE C-14 - HEAT GENERATION ﬁATA FROM CORE OF DRILL-HOLE FX2. S ; C~18-1
. s : L A , HEAT GENERATION, -
- B SANMPLE DENSITY, ORANIUN - THORIUM = POTASSIUN A X 10-t3
QRERY oL ST RO S UL Ll St LR S i A A
L Tu-€u 22;6-25.6"; 322-23 {2.67) 2.4 1.0 - 2.7 3.2, 3.9
99-108  30.2-31.7 i RX2-30 (2.67) 3.0 10.0 2.9 3.5 4.1
200.3-205.3  73.2-74.8 RX2-73 (2.67) 2.8 10,5 2.8 3.4 5.0, .
© 299.6-304 - §1.3-9§.7 RX2-91  (2.67) 2.4 9.6 2.8 3.3 ;3.6
333-338 . 101.5-103.0  RX2-102  (2.67) 2.4 §.a 2.8 3.3 3.7
S44-509 155,8-167.3f} RX2-166  (2.67) 3.3 - 11 2.7 3.3 8.5 -
| 685.1-690 . 208.8-210.3 RX2-209  (2.67) 2.9 1.1 3.0 3.6 8.2 -
AVERAGE 2.7 . 10,5 2.8 3. 4.0
" . STANDARD DEVIATION 0.8 0.8 0.1 0.1, - 0.3
(2467) . . .ASSUMED DENSITI.

6h-0
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sedinments of the Atlantic Coastal Plain was deepened‘tc 1332
m to cbtain a basement core sample using DOE funds. The
hole was logged by VPIESU on January 12, 1978. Temperaturé
profiles are shown in Figurés c-12 and C-13. The bottoﬁ-
hole temperature at a depth of 1331 =m was 60°C. The least-
squares gradient over the interval 47-1328 m was 29.3 ¢ 0.14
SC/ku. Analysis of the Dbasement core fer thérnal
conductivity, heat generation, petrography, chemistry, and
geochronolcgy is in progress. |
Justification for obtaining a bottcm-hole core sample
from this well was the apparently favorable location of the
vell with respect to a thermal anomaly shown cn the AAPG
Geothersal Gradient map fcr North Awerica (1976). The
gradient measured was about 10% less than anticipated, but
the hole has not yet reached thermal equilibriun.r It will
be relecgg2d by VPIESU again in the near future. Disturbance
frcm ground-wvater convection is apparent at several deptks
in the hole, particularly near the top of basement at a
depth of about 1311 m. The Upper Cretaceous aquifer above
basement is several hundred feet in thickness and apparently
has a permeability and porosity favorable for ground-water
production. The location of the hole seemed tc be optimum
vith respect to published geothermal gradient data. It uas
less favorably situated with respect to available gravity
coverage, Additional gravity data northeast of the Wayne

County well are now being obtained by VPISSU in an attempt
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N

to define the magnitude and extent of the negative gravity
arcwaly shovn on the Simple Bouguer Gravity mafp of Georgia

(1972) .
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REIATICNSHIP BETWEEN SURFACE HEAT GENERATION
AND SURFACE HEAT FLOW

J. K. Costain and L. D. Perry

Two new values have been added to Figure C-14 which
shows the 1linear relationship discussed in VPIESU-5103-4,
and -5: BL1 (1.43 HFU; 5.6 HGU) from the Castalia pluton
and RL2 (1.18 HFU; 6.0 HGU) from the Rclesville batholith.
Neither falls on the regression line. The heat flow in tte
Castalia is abcut 0.35 HFU toc high, and in the Rolesville
(RL2) ébout 0.08 HFU too high. The value in the Castalia
(RL1) is too high to be attributed to experimental error.
The first value in the Rolesville batholith (RL2) does fall
.near the regression line. A uniform distribution of 5.6 LGU
to a depth of about 13 km would be required to produce the

observed heat flow in the Castalia pluton.

L —————————




HEAT FLOW, q (xI10°CAL /CM? - SEC)

q=q* + DA
q=069 + 69 A
0.6
B I | i | | { | | j | | |
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HEAT GENERATION, A (x10™ CAL /CM? - SEC)

Figure C-14. Heat flow vs. heat generation for holes
ccnpleted to date in granitic plutons in southeastern United
States.
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A NEW MODEL FOR THE LINEAR RELATIONSHIP BETWEEN HEAT FLOW

AND HEAT GENERATION

J.K. Costain

New heat flow - heat generation values in the
southeastérn‘ United létates in videlyoseparatedsr(uso km)
granitic plutons and with a large age span (275 m.y.) again
confirs the linear relationshif between surface heat flow

and surface heat generaticn in crystalline rccks (DOE

Progress Report VPI§SU-5103-5). It is surprising to cbserve:

the relationship in widely-separated plutons with such a

ilarge age span, and in both pre- and post-metamorphic rocks.

The erxpirical relationship implies some kind of regular
distribtuticn of uranium and thorium in the crust. Since the
occurrence of U and Th in granitic rocks has a sigpnificant
effect ¢cn subsurface tempetatures, it 1is of scme importance

to consider the mobility and 1location of U and Th in

crystalline rocks in ‘order to model the distributicn of

radiogenic elements at depths beyond reach of the drill. 1In
this discussion, it is prdposed‘that the zcne of microcracks
in the upper 7 to 10 km of the earth's crust plays én
important role with regard to the mobility and distribution

of U and Th in the upper crust.

&_;




c-57

: Thg,ptesence of.microcracks is kpown to dominate
tke physical p;oéetties of rocks at pressures belov a few
kilcbars. Following the <classification of Simmons and
Richter (1976), microcracks include the following:

a) cracks starting at grain boundaries, or
occurring between grains, caused by differences

in the tenscr properties. of adjacent mineral

‘grains (dP/dT .cracks). sﬁch cracks can exist.

in one mineral grain and be absent in ‘the

adjacent grain;

b) stress-induced cracks caused by non-
: hydroStaticjstreés and independent of relative
- crystallographic - orientations. Cracks may
. . cross several grains;

..c) . radial ;‘o: concentric cracks about
completely enclcsed . graims  caused by
differences in  the coefficient of volume

ﬂw_eipansion between a host grain and. a totally

enclosed grain; .

.;d);ntube-;-cracks, apparently . abundant .in

.-igneous gdgks, caused by simple solution by

-latefstqge magpatic fluids, or. possibly by
meteéricjgrcgnd vater; 7

. .-e) thermal cycling.craCKs; .These are cracks

coincident with grain boundaries. Grains are

. separated from adjacenf, grains by wide grain-

boundary cracks;




f) thermal gradient cracks caused by stress
differentials associated with high thermal
gradients;

g) cracks produced by shock waves, The crack
porosity is related to the peak shock pressure;

h) cleavage cracks - parallel to cleavage
planes in minerals;

i) cracks of wunkrown origin. Simmons and

Richter (1976) give several examples.

It is  speculated herein that the zone of
picrocrack porosity and the depth of emplacement of igneous
rocks with respect to this zone play an important rocle in
the observed linearity between heat flow and heat generation
because of the greater mobility of uranium ard thorium in
this zcne. The closure of microcracks in crystalline rocks
is believad tc be complete at pressures of apout 2 to 3
kilobars. Darcy's lav is kncwn to hold in igneous rocks at
Fressures as great as 4 kb and for permeabilities as low as
4 nanodéarcies (Brace et al., 1968). Migraticn of uraniunm
and thorium from initial sites on grain boundaries and
microcrack surfaces via a network of microcracks with
subsequent redeposition on grain boundaries and other
microcrack surfaces should take place throughout the domain
of micrccracks. Continuous redistribution of uranium and

thorium over a depth vtange of D = 7 to 10 km might take
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place by zone refining. If redistribution takes place by
zcne refining, then ‘an exponential distribution might
result, Restricting an exponential distribution to the

depth, D, we have

D —z/Dl 1
‘[Ao e dz = AD

[o]
where ‘

Ao = surface heat generation
Al = average heat generation over the depth D
D1 = logarithmic decrement of exponential

distribution over the depth b

AlD
Thus ho = oo - e_D/D11
or
”
Alr
Aos:EITT::E;

where R = D/D1,

Tabulating values of D!, R, and AosA' for D = 7 km, we

have

pt R Aoyat

® 0.0 1.00
60 0.12 1.06
40 0.18 1.09
20 0.35 1. 19
10 0.70 1.39
7 1.0 1.58




The implication intended for the proposed model is
that migration of uranium and thorium is facilitated within
the dcmain of microcracks not only during periods of
metamorphisw, but also after thermal equilibrium has been
reached and while continuous erosion and unroofing develop
new micrccracks and maintain a zone of microcrack porosity
of aprroximately constant thickness., The proposed model
vould thus be defined by a layer of essentially ccnstant
thickness, but the 1linear crelationshig would survive
differential erosion. The nature of the distribution within
the zcne of microcracks is unknown; if redistribution takes
place by zone refining, then an exponential distribution
might result within the zone. Consequences of the preposed
model are:

a) a linear telationship betseen heat flow

and heat generation should be observed in
country rock as well as in adjacent intrusive
rocks;

b) attenuation of edge effects caused by
contrasts in heat generation between intrusive
rocks and host rocks into which they were
intruded;

c) observation of uranium and thorium on
grain boundaries and other &microcracks in

ianeous rocks and adjacent country rocks.
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" Fission-track analysis of selected ccre samples from
WE1 and KR3 is- now undervay in cooperaticn with the U.S.
Geological Survey to investigate the occurrence of U and Th
or microcrack surfaces.

If the zone of microcrack porosity does facilitate
the migraticn of uranium and thorium, reccgniticn of this
will contribute to an understanding of the mobility and
depositional sites of uranium in igneous rocks. At the
present time, this writer favors an essentially constant
distribution of radiogenic elements from the surface to a
depth, D, corresponding to the effective depth of
penetration of microcracks.

Analysis of gravity data over the Edgefield pluton
in South Carolina is discussed elsewhere in this report by
A.H. Cogbill. Coincidentally, one of the most plausible
interpretations of the gravity data assumes a density
ccntrast cf of‘about -0.0175 gm/ce3 which places the base of
the Edgefield pluton at a depth of about 7 km. This density
contrast is appropriate elsewvhere in the southeast.
Unpublished density values of L. Glover support a similar
density contrast for the Roxboro nmetagranite in North
Carolina.

The heat flow values in the Roiesville batholith
and Castalia pluton discussed elsewhere in this report are
higher than surface heat gene;ation values vould predict.

Additional gravity data over the Rolesville batholith and
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Castalia pluton should indicate whether or not portions of

this ratholith extend to greater depths to

higher beat flow.

acccunt for the

-
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MODELING OF TEMPERATURE DISTRIBUTIONS
ASSOCIATED WITH RADIOGENIC SOURCES
- BENEATH SEDIMENTARY INSULATORS

J.A., Dunbar

Introduction

The search for lou~-temperature geothermal
resources bhas, in part, been directed toward 1oéating
igneous intrusive rocks which have relatively high heat
gehération and vhich are >insuiafed\by overlyih§ sediments
with low thermal cohdué%iQities. In the fdiloiing section a
stead§¥s£até\¢6nduction’ nbdei is proposéd vhiéh considers
the effects of three-dimensional bodies overlain by Strafa
of contrasting conductivity.

The tenperatute. field will be viewed as a
ccmposite of a nornal field produced primarilj by heat flow
from the lover crust and ﬁppet nantle and an anomalous field
produced by a radiogenmic body. The heat flcvw from the lover
crust ahd'ﬁppér‘hént1e §§11§£§£ !£eié11§égd to vary over the

(o .
i

nodel tegioh{" Lateral variations in temberature will then

result only from  the radiogenic bodies. Two main

assunftions must be made in order to apply such a model to
terrestrial 'énvironments: (1) the asount of heat
transported by ground iater is negligible; and (2) the heat

ptcducing elements, thermal conductivities, and surface




C-64

conditiors have existed, gﬁchangéd, long enough to allow the
temperature field torféach equilibrium. Although these
assumptions may not be viable in some instances, it is felt
that the model will be appiicable to a number of situations

of interest.
The Modeling Approach
Steady-state sources in infinite media

The expression for the Steady-state temperature
field, v, prcduced by a continuous point source in an
infinite medium is given by Carslav and Jaeger (1959, p.

422) ard is

where

Q = the (constant) rate»of heat production of
the scurce, |

K = the thermal conductivity of the medium,

r' = the d;stgnpév between ihe poiﬁt of
observation and theisouieé. ' |
The temperature fieldibrbduceu by a voluame éourcg is

then given by
. LA av ‘

vhere
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- A = the rate of heat production per unit

volume of the source.:

Solutions of eguation (2) are known . or can be
easily found = for sources of a .number of shapes useful for
modeling geologic bodies. - Vertical . circular cylinders,
rectangular prisms and polygonal prisams are particularly
useful shapes because they are coapatible with existing
gravity and magnetic = modeling ‘technigues. Cylindrical

sources are commonly used . to ‘approximate gravity and

magnetic anomalies over threefdimensional bodies. The
“automatic methbd'“for iﬁtérpretingbéravity anomalies, given
by Ccrdell and Henderson {(1968), utilizes rectangular
prismatic source elements. Talwani's method (1960 and 1965)
and later Plouff's method (1976) fc: computing the éravity
and magnetic anomalies produced by irregularly shaped three-
dimensional bodies are based on pelygonal érism source
elements, - Vertical cylinders, . rectangular prisss, and
pclygonal “prisms can: therefore be  used fo approximate

geological shapes.

Along the akis Of a vertical cylinder,

7”2érﬂIR ‘
v-=—4'=-J JJ _4drdedz
&K ,0_0-«“2,'272]1/2
A '

| . ) 224-JEZ+Z§ )
= A RZFZZ - 2. R2+2Z 4+ Rln ————) ~ Z
| v =g % 2= 2% 1 2, + RO 2

+221, )
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where

R = the radius of the cylinder,

Z, = the distance from the point of
observation to the top of the cylinder,

z, = the distance from the point of

observation to the bottom of the cylinder.

The solution of equation (2) for a  vertical

rectangular prisa is given by Haaz (1953) and is

v [xy1n(z+R) + 3z1n(y+R) + yzln(x+R)

4HK
-5 (x"tan © S + y“tan yr Tz tan =] l , I l (4)
hh

where
R= ¢x2+y2+zz s, and

Xi, Xz, Yl’ Yz, zl’ z2 are the extremities of the prism.

The solution of equation (2) for a pclygonal prism
can te found by first noting that the potential of a volunme

source [equation (2) ] is homogeneous of degree 2.

That is,
A ([ AdxAdyAdz
v(Ax,Ay,Az) = ZIK J y 1/2
EERAE 6V +(AY) +(AZ) ]
v
- AE& "J dxdydz
4TK ] [x+yz-+-22]1/2
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Euler'siythecrem of homogeneous ﬁpnctions holds
that if f is a homogeneous function of x, y, and z of degree
n, then | SO 4 -

o H nf xa + y + r3 (5)

Then the potential of a polygonal prisn is related

to its first derlvatlves by the nxpr9551on
veliw +yv +2zv ] (6)
2 b < yvy z

Dif ferentiating with respect to x we find that

Vy = Xv, + yv. + zv. ’

The potential vof a polygonéi prism can then be

written in terms of its;second derivatives as,

o1, 2 P
v=—[xv +2x:yv,¢” ’Y yyy+ x_zvxz+2yzvyz +rz vzz] ¢))

The second derivatives in equation (7) are given

by Plouff (1976, p. 732). Substituting Plouff's
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expressions for the second dexiyatiyes in equation (7), the

t'enpetatkure effect of a 'pqolygon'al prism ‘beconés,'

v o= | 2 (ax)? (SCF-C W) + 2 2 (8%) (AY)(SCW+C Zp)

8 i=1 S d=1
mHl
2 (ay)? (SCF + szw1) +2 ) (8X)(AZ) €Q
i=1 - i=1 :
o+l
-2 Z (AY) (AZ)SQ + ) % W} .
i=1 . i=1
where
C = AY/AS
S = AX/AS
B Ri+1,1 1+1 *Zy Ri-,i tZy
F o= Inlg ¥z,
1,1+1 Zy 1+1,1 1
Riet,a41 T 440 By g+ 4y
e = Inlg +d ¥4,
1,141 1 Ry41,e i+1
. 7.d Z.d
W = tan"1 iig—iil—— - tan-l fi_z_i—
141,141 1,141
z.d z.d
- tan_1 F%—iil—-+ tan-1 P;'i (8)
i+1,4 1,1
m = the number of sides of the prism.

AS = V(aX)Z + (AY)*

AX = Xi+1 - Xi ; AY = Yi+1 = Yi

2 2 2
Rjk rj + Zk

Z1 = the vertical distance to the top of the prism.

Z, = the vertical distance to the bottom of the prism.
d1 = XiS + YiC

(X,Y))s (X55Yp), (Rgu¥g) ... Y . XY,

are the corner points of the prism.
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éoundery cohditions: L |

L Eguations (3), (u), and (8) apply only to sources
1n 1nf1nite media of constant conductiv1ty. These eqnatlone
may,k hovever, be used in conjunct1on vith the method }of
1naqes, used 1n electrostatlcs, to develop expre551ons vhlch
are usefnl in satlsfying bouudary condltlons.

The first case to be con51dered 1s the eituetion
in uhich the ‘source is in a seal-inflnlte medium z > 0 of
conductivity K. It is :equlred that solutxons to. this
ptoblem satzsfy Laplace's equatxon Dzv = 0 for all z > 0 and
that at z - 0 | the thermal effect of the source be zero.
This situation ;s con51de:ed by Carslau and Jaeger (1959, p.
276). It is £ound that an exptession satisfylng the above
conditions can be obtalned by adding the effect of a source
in an 1nfin1te medinm with the effect of a sxnk of eguel
intensity,’wﬁicﬁ 1s the nlrror inage of the source across
;;e i‘=H0 plene; Por a point source at zl > 0, o

Af%l‘Z%ET%"%ﬂ'wy”
vhererr B | | (id :»9 /
i {x - x‘)z + (y 5 Y*)zv + (z - zt)z
| R‘v= (X - x‘)"" + (Y - Y')z *‘(Z + 2‘)2 d "
(i,y,Z) h- the coordinates of the pcint ofk
observatioo, | | ,
(x},y%,z!) = the sourde poioferk
Porrvolule sources in a senx-infinite nedlun
e[ E [
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wvhere V' is a mirror image of the source volume V,

across the z = 0 plane. |

) The.second case thaf vill be conSidefed is one in
which the source is in a semi-infinite medidu‘z >0 of
conductivity K,, vhich is overlain by a strafum 0<z <D bf
conductivity K, The solufion io this préblem is'required
to satisfy the following conditions: o

1; It musf sétisfy Laplace's equation for all

z > 0. |

2) It nﬁst be zero at z = 0. A

J) It muSt bé continuoué for all z > 0.

4) The heat flov from aédiun~1 must equal tﬁe

heat flow into medium 2 for all goints on the z
= D plane.

If the éxample of the first case 1is followed and
an image sink is placed at a location synnetric to the
source, across the z = 0 plane it is found‘ that although
condition 2 is satisfied, condition 4 is ﬁot. If ‘an
additicnal image is placed at a location symwmetric to the
first, across the z = D plane, condition 4 is satisfied but
condition 2 is not, FPurther inspecticn reveals that in
order to satisfy all 4 conditions simultaneouély it is
necessary to add an infinite series of inages. |

For a point source at z! > D,

v=0<z <D

K, - K

v Qg 1 L 25 e
B N T D L L A A D P e TR b
i
A el nitt
+ 142 72! - (10)

1=0 (R +K,) (22424 (~21A-2-2V) 2]




v=21z>D
v Q2 1
4T "K K, [x2+y2+(z_z,)2‘1/2
i
120 (Kl +K,)) i+1 [x.z _Py.z +(-21A-2-2 " )2]1/2
i+l
2(K,-K,) i+l

'(K1+K'~2)1+2V x24y 24 (2 (1+1)D-z42 )21 %

The expressions for volume sources follow directiy from
equations (10) and (11), and are comprised of series of
volume images at'sYnnétricylocations across the planes z = D

and z = 0.
The Normal Temperature Field

'The model temperature, v, field is given by
v = v(body) = v (normal) ‘ (12)
vhere '

v{body) = the temperature effect of the body

coﬁputed with a heat prodﬁbtion kof A = A(b) -
Ay, |

A= the heat production of the body,

Ac = the heatkproductiqnv of the ccuntry

rock,




v(normal) = the temperature that would be

observed in the absence of the body.

v{normal) is defined by the one-dimensional heat

flow eguation

ov _
Koz “ %~ A2 (13)
vhere g, = the heat flow at the surface and z is

positive dcwn.

For case 1, the solution toc equation (13) is

1 1, 2
V=X [qoz-EAz ] +vo
where
v, = the mean annual surface temperature.

For case 2 the solution to equation (13) is

v=——qz+vo 0<z<A

1
n qu

<
]

1 2
[A+z-D)—EAc(z—A)]+v0 z > A




Application to Terrestrial Environments

To apply the model outlined above to a particular
region both - the normal and anomalous fields must be
adequately described. The ncormal field is described by tkhe
heat flow at the snrfacé neasured awvay from .the anomalous
body, the mean . annual surface temperature, and the rate of
heat generation in the country rock. The anomolous field is
descrited by the geometry of the body, taken, for example,
freem gravity and nmagnetic mpdels, and the rate of heat
generation in the body.

At the present time the parameters 1listed above
are not well known for any areas in the southeastern U.S.
As more information becomes available, the model will be
tested against a known temperature field, apd then, if there
is adequate agreement, it will be wused as a predictive tool

to direct further work.
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SUMMARY

The acquisition and interpretation of gravity data
on the - Atlantic Coastal "Plain to . constrain the
locations and geometry of concealed radiogenid'sdhrces
has novw begun in a systematic manner.” Preliminary
interpretation of selected gravity anomalies in  the
Piedmont supports a density contrast associated with
granitic intrusive rocks of between -0.150 and -0.250
gm/cc. Additional gravity coverage is being obtained
on the Atlantic Coastal Plain by VPI & SU personnel in
anticipation of the 60-hole intermediate drilling
program to be initiated during the Spring.

Structural studies of the Rolesville batholith are
continuing in North Carolina to provide a geologic base
for the geophysical interpretation of Piedmont

stratigraphy beneath the Coastal Plain. The southern

‘Raleigh' belt and adjacent Carolina slate belt have

undergone a minimum of three deformaticnal events prior

to late brittle faulting.

Lov heat gerperation values wmeasured for the

Concord sfenite and Mt. Carmel ‘syenite (part'of an

' older magma series approxiuately uoo’ P.Y.0.) indicate

that differentiation alone is insufficient to explain

high heat generation., The composition of the parent

‘magma is a critical factor.
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The least-squares ¢geothermal gradient over the
interval 47-1328 ®m in a hole‘ drilled by private
industry in Wayne County, Ga., is 29.3 t+ 0.14°C/Kn.
Using D.0.E. funds, a bottom-hole core sample was
obtained from £ basement rocks. Determinations of
thermal conductivity, heat generation, petrography, and

geochronology of the basement core are in progress.

*1.5. GOVERNMENT PRINTING OFFICE: 1978-740-094/1432
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