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ABSTRACT AND OVERVIEW

Costain and Perry report a2 nev heat flov value from the

Petefsburg granite of 1.24 x 10—¢ cal/cm2-sec. This value

lies sbove that ‘predicted by the linear relation as do the

Rolesvilie 2 and castalia values. The interpretation of the
linear 'heat production-heat 'flov rtelation continues to

receive close attention. In this report, the points lying

above the. line are interpreted as resulting from increased

thicknesses of the granite layer., If this is true, it is an

important result in enumerating areas of high heat flow.

The qonditioh can be satisfied by rock bodies of high U and
Th contents or by much thicker rock bodies of lower U and Th
contents,

The hehavior of the heat flov and temperature fields

with different granite country rock heat production

contrast, geometries, and presence and absence of an

insulating cover are modeled by Dunbar. His results
sugnarize our eipectatibns of the shape and size of the

thermal anomalies associated vith the rvadiogenic source

‘ancmalies both in the Piedmont and in the Coastal Plain.

If the interpretation of the linear relation by Costain
and Perry is correct, gravity rodeling is the best method of
locating lov density granites and determining their relative

thicknesses, Cogbill again reports on assembling existing

: qraviiy data as vwell as 'réporting on ‘nev readings £akén

during the last quartér'in,the Coastal Plain and Piedmont.
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The location and behavior of U and Th has alwvays been a

~central part of understanding the variation .of heat

production among rocks of the southeast, . The problem is -
inextricablv bound . up with fqeoléqic setting. .. Six of- - the -
repofts,from various ateas,and_different points of view deal-
vith the problem. = Sinha and - Merz's preliminary . U-Th-Pb

disequilibrium studies demonstrate the 1labile behavior of 0 -

vhereas Th acts as a closed system. The most likely time of

1] lbss -appears to be - the Mesozoic, .a time of _eztensé v

fracturing - and hydrothermal activity throughout- the
Piedmont. Merz's 1leaching experiments ' supplement these
results, revealing that the existing U and Th are in- fairly
retentive sites, Becker and Speer find that for the Liberty
Hill pluton the Th is present in allanite as well as in

aporthite.  The Th is present in fairly substantial: arounts

invthe uhiquitous allanite and this may be. the mafor Th site

in the granite. Sans discusses in two separate reports the
distribution of K, .U, and Th in the granitic rocks of

Maryland. He finds a depletion of U and preservation of Th

contents, In the Woodstock qranite_he'fihds a concentric Th

distribution. - P
In attempting to predict areas vhere the granitic-rocks
have:ebigy heat , productiors, knowing the. probable source

areas .would facilitate this .searchk,  Hanan explores .the

possibility of the origin of the Winmnsboro pluton by crustal .°

anatexis, -Hall exaemines the evidence for :the Blue Ridge: -

gneisses as the possible source material for the,granitess £

\'}
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- In order to have onyfbeSis‘fOr any of}the vork' in the
~southeast, a .descriptioh~offthe ‘‘rocks that are present is
essential, This continues and fincluaes the—petrography and
petrology of 3the"Cuffytovn' ~Creekf“p1uton."v A highly
differentiated granite with a high ‘heat production and an
unusual nineralogyeiincludinq Bilandvre'*phases. . Merz has a
discussion'of«the chemistry,ofh the;SiIoap'pluton;~A'granite
vhose petrography was discussed in thefprevioes‘ report by
Speer. Both of Sans' reports contein descriptions - of the:
 granitic rocks of Maryland. .

| ‘rhe’coastal plain drilling progrem’hes:only bequn- but

- two ‘réportsrconcerniug >tﬁe aproqren ~are given. Lambiase
"discusses the . lithoioqicrcharacter~offthe Atlantic coastal

. plain sedieents.fv"rhe nature of ‘these - ‘'sediments ~are -
irportantffor'they-serveoes:the‘ insuletingfcover'es;uell as
control ‘the hydroloqyiin*the coastalﬁolhin;f Roth determine

the extent:of any geothermal resources in the coastal plain. -

Gleason reports orn the nature of the basement core recovered P

in the Jessup, Georgia,- drill hole. It is core such as this

'that provides the only tangible evidence of vhat underlies .

the coastal plain.

Vhile nost of the. reports are concerned vith’ heat ‘£lov -

by ,conduction,‘ heat flow by “pass >transfer is; ofk ‘lecal
importance {in- ‘several [ areas oOf ‘the southeasf. ‘Geiser
-reports on the structural controls of the thormal Sprinqs at- -

Varm sPrings. virqinia.,
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RESEARCH OBJECTIVES

The objective of this researéh is to devélqp and apply
targeting procedures for the evaluation of,lov-temﬁerathre=’
radiogenically-detivedbgeothermal lreéoufcés in the»?aéfern
United ‘séates utilizing geological, ‘geﬁchemiqal; and
.gedthsical“datg._ | | | ' ' |

| 'Thé 46ptinum site; fdt:qeotﬁefmal dévélopmeht‘in the
téctonica11y~stable Fastern United States will ‘btobabiy be
associated with areas .of':glative1y>high heat flow ﬁe;ivéd(
- from crustal igneous rocks containing ~:e1a£ive1y high
concentrations of radiogenic heaF-préducing ’elements, 'Tﬁe
storage of conmercially-exploit;ble qeotﬁerhal ‘heat at
-accessible depths (1-3' km) wil? 2lso require  favo£ab1e
teeervoit conditions 4in rccks o;etlyinq a ra&iogenic'heat
source, In " order to systematically locate these sites, a
nefbodology employing geological, geochemical, and
gecphysical propspecting techniqués is being developed and
aprlied., The distribution of radiogenic sources withinfthe
igreous rocks ,offvarioné aqes"and' magma~tYpesf‘will be
| determined by a correlation betheq_radioélement composition
and the bulk cﬁemistry of fhe rock, Surface -saepling and
neasurement’ of the rédiogenic 'heat-produCing elements are
kn;vn td be unre1iabie as they are preferentially regoved‘by
§tcnnd-uaté: ;ircinlation( and weathering, The correiatiou
betveen the bulk chemistry _Qf,the rock  (which® can be‘

peasured reliably from surface sdmples) and- radiogenic heat
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generation is:beinq; éalibrated by détéiied studies at a
nuhhér of locaiions in the eastern Urited States. |
Initial studies are developing a'methqdology for the
location of radiogenic heat sources\ huried beneaih» the
insulating sedimentary rocks of the Atlantic Coastal Plain.
Cholce of a 4rill site in’ ihé Atlantic COastAI Plain with a.
high geothernmal resource'potah;i&l'debends on favorable:
(1)»concent:ation'J'df radiogenic  elements in
granitic  rocks bencath a sedimentary
insulator; R |
(2) thermal conductivity ofi‘ themv sedimentary
insulator: . - |
(3) thickness ofj@he sedimehtarjfinsnlatqr; and
(4) resefvoir conditions  in thé! permeable
sedimentary rocks overlying . the radiogenic
heat source. |
Because it is not economically fégsible to‘WSeleét’d:illinq
sites on the Atlantic Coastal ' Plain uithontyqeéthSica; and
“Qéclogical»nodels; it ‘iSjadvisab1é to'basé‘ﬂthe'development
of these quelsf‘on a“§ubs£anti§1 and aécqrgte da;a-:bése
vhich can be partiaily detived'frqh the:exposed roéks of the
Piedpont qnd' enhanééd.‘ﬁy Vbasegeni~ stﬁdiési,benea£b~vthe

Atlantic Coastal Plain.
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OPERATIONS

puring the.period 1-1-78 to 3-31-78, 44 .man days vere
spent - in the field. Speervcompleted field work at the“'
Liberty Hill and Siloam plutons and conducted reconnaissance
sappling of the Tovn Creek, Georgia,,pluton.‘ He is working
on a. papet concerning the contact aﬁreqle of the Liberty
Aill plutor., Farrar continued mappingv,the structure and
lithclogies of the northern half of the Raleigh belt and
eastern Carolina slate belt. In addition, he vrote thé
-rTesults of‘a feconnaissance sutvéy of the southern Bgleiqh
beit and ﬁdjacent‘ élate belt. Becker continued field vork
gnd analysis of the Cuffytown Creek pluton and its corntact
aureole; prelininary results are presented in this Teport.
Gleascn began study of the geolégy of the basement fpcks
underlying}the COastallplain. |

buring the period 4-1-78 to 6-30-78, 61 man days wvere
spent in the field. Parrar investigated the relations of
geologic structure and lithologies to the location of_hpt'
springs in Wth=Sprinqs, Virginia and varm Springs; Gebigia
as vell as a suspected hot spring» in pearisburg, virginia,
Becker fihiShed field vork for the cuffytown Creek'pluton of
South Caroiiﬁa anﬁ undertook a ganmé-ray spectronetet survey
of the gtinite and its countfy rock. Speer and Becker
finished field vork for the Palmetto pluton of Georgia.

Speer aiSo‘began sone field iotk‘in'the Petersburg granite.
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Baldasari conpleted a gaﬁma-ray spectrometer survey of the
Siloam, Georgia and Liberty Hill, SOutﬁ Carolina plutons as
weil as - the adjacent'cbuntry‘ rock. Rock and soil samples
vere also collected ‘in order to better understand the
results of the portable gamné-ray spectrometer.

- Other activities of tﬁe petrology group included a talk
by Beckerlat the SOuthéastern Geological sbciety of America
meetinq “at Chattanooga, TenneSseé on ‘the Cuffytown Creek
‘pluton. Speer and Becker spént'av‘good deal of time wortrking
‘with the Radiation :Safety office of the University to
deternine and satisfy the regulations concerrning fissiorn
track samples., The Siloam 1 (688%), Siloam 2 (688'), and
Palmetto (692') drill holes were ;completed during this
quarter and vwvere logged., A 'drill holé  at Pearisburg,
virginia was located and drilling begun.

‘Gleason's _work on the completion of the basement
geélogi’undérlyinq the Coastal Plain is vell underway, vith
Géorgié being the first state completed during this period.
He has' also studied in some daetail the basement core
‘recovered from the  Jesnp,'Geotgia; drill hole and which is

described in'a section of this report,




Page A-U

PETROLOGY OF THE CUFFYTOWN CREEK PLUTOW

S, ¥. Becker

Introductiop

The‘Cuffytouﬁ -Créek plﬁton, . located in vestern South
Caroliné,.is one of a belt of ca. 300 mfv...unmetamorphosed
plntonsfin the éaste;n Piédmont. This pluton vas selected
for study because of its high heat production, averaging
11.3 x 10—t3cal/cm3-sec (five samples, Table A-1). Detailed
vork on =& granite with high heat production should
facilitate determination of the location of U and Th in the

granite and ddentification of petrologic factors affecting

" the distributior of these elements. In addition,

reconnaissance studies of the granite indicated the presence

of an unusual mineralogy-;qarnet and flucrite are common

accessory phases~--vhich suggested ihat the exposed CuffYtoun

Creek pluton is appreciably different in composition and
petrogehesis from previqusly studied post-nefamorphic
granites. Work on several types of granite should éllov
identification of a variety of processes affecting the

distribution of radiogenic elements.
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TABLE A1

U, TH, K CONTENTS AND HEAT PRODUCTION OF
‘ THE CUFFYTOWN CREEK PLUTON '

T T T T TP PP PP P P F 3 3 L ot b b
U (ppn) TH (ppm) K (%) HGVU*

CB7-15 9.1 . 32.2 3.7 11.8
S7-50A 10.8 - - 35.7 3.4 12.9
s7-53 - s 9.1 33,2 3.5 11.7
S7-54 - BT I 2646 3.5 7.8
s7-55 10,2 33,2 3.3 12.4

s S S ST T TR RS TS S SSISRT RS
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*HGVU = x 10—13 CAL/CN3=-SEC
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Brevious ¥ork

The Cuffytown Creek pluton has previously been referred
to as the Edgefield granite, one of ¢tvo Edgefield granites
in South Carolina. The other Edgefield granite, which has
been studied by Metzgar (1977), crops out near the town of
Edgefield, along the northern border of the Kiokee belt. To
elipinate the duplication of nanmes, several vorkers in the
area agreed that the granite discussed in this study should

be renamed because it is the farther of the tvo granites

" from the town of Edgefield, The pluton has been named

(Becker, 1978) after the largest geographical feature in the

area, the creek that runs just northwest of the pluton.

The outcrop area of the Cuffytown Creek pluton is shown
by Overstreet and Bell (1965, Plate I), vho note its quartz-
rich nature. Butler and Ragland (1969) include it in their
group of miscellaneous, mainly syntectonic plutons. Wagener
(1977) includes 2 map of the pluton in his report and
provides descriptions of a sample 4in hand specimen and thin
secticn, 2 Rb-STr isotopic age for the pluton of 299 ¢ 14
B.y. vas obtained by Fullagar and Butler (1977). The

initial Sr#7?/5re¢ yas not determined because of the very

high rubidium to strontium ratio; it was assumed to be

- 0,705,
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Seologic Settipg

Lov~grade metamorphic rocks of' the carolina slate belt
sufrqund the pluton (Fig, A-1), Béundaries of lithologic
units within the slate belt are based on recénnaissance
papping. The granite intrudes a belt of mafic metavolcanic
rocks, ptedominantly' tuffs, bordéred to the northwest and

southeast by meta-argillite. The 1location of the contact

. betveen the meta-argillite and metavolcanics southeast of

the rpluton coincides with that nmapped by Pirkle (1977).
Along the contact 1in the country rocks northwest of the
pluton, abundant quartz occﬁrs and supports the steep ridge
noréhueét of Cuffytown Creek, suggesting that this contact
may be a fault =zone, The regional foliation trends
consistently N45°F, parallel to the lithoiogic contacts, and
dips vetticélly (Fig. A-2)., It vas apparently not disturbed
by intrusion of the granite.

The Cuffytown Creék p1u£on occupies a topographicdlly
high 'area, 20 " km2, vhere the granite is generally well
exposed, cropping out as pSvements»_and boulders. Most
natural exposure§  are extenéively veathered, and fresh
sanples were;pbtained.oniy fromn an gbandoned quarry, blasted
roadcuts, and a core, 316 n deep, drilled for this project,
Fractures and joints 'pervade the rock, and vhere one joint
set predominates, the outcrbp - weathers into elongate nouﬁds

parallel to the joint direction. Pegratite veins are rare,
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EXPLANATION

Cuffytown Creek pluton

Carolina Slate Belt

Greenschist grade meta-argillite, phyllite, and>Qﬁartz-
muscovite schist

Greenschist grade metavolcanic rocks

Contact, dashed where inferred

Maximum extent of granite at depth, inferred from
geophysical data

Sample locality

Drill hole site
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- Figure A-1. Geologic map of ¢the Cuffytown Creek
pluton, shoving sample localities, Dotted line indicates
naximum extent of granite at depth, inferred from

geophysical data (cf. Fig. A-3).
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EXPLANATION

\ g Cuffytown Creek pluton

Carolina Slate Belt

mar Greenschist grade meta-argillite, phyllite, and
quartz-muscovite schist

mv. " Greenschist grade_mei:avolcanic rocks

- Contact, dashed where inferred

Leet’ Maximum extent of granite at depth., inferred from
o’ geophysical data
25 '
P Strike and dip of bedding
80 '
> Strike and dip of foliation
45
> Strike and dip of joints
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Pigure A-2,  Map showing structure in the vicinity of
the Cuffytovn Creek pluton.
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and an aplite dike was found at only one location. Quartz

veins up to 3 cn across are commoh,

Geophysical Model

A large gravity lov with a residual Bouguer anomaly of
=27 nmngel is centered over the pluton. Modelling of the
anomaly, discussed by Cogbill 4in a previous report
(VPI&SU-56u8-1), indicates that the' pluton is approxinately'
6 kn deep and has a uuch greater diameter at depth than atj
the surface (Fig. A-3). At a depth of 1 km, for example,
the mcdel proposes a dianeter_of 13 to 20 ka, 1in contrast
with the surface diameter, which varies from 3 to 5 km (Fig.
541). The‘enddel sﬁéqests that the exposed granite 15 the
epperpost part of the pluton, comprising rocks formed in the

top of a magma chamber.

Petrosraphy and Microprobe Analyses

Fresh samples of the granite are grey to pirk. The
rock is unfoliated, and contains quartz, potassihh feldspar,
and plagioclase grains 1-5 ne in diameter, and vhite mica
flakes about 1 mm across., Scarce phenocrysts of quartz and
potassium feldspar range up to 1 cm long. Some samples are'

spotted by small, red-brown specks of hematite,
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" SKARN
CONTACT AUREOLE \ EXPOSED GRANITE
IGHLY
: IFFERENTIATED
| : GRANITE o
COUNTRY

ROCKS

o N .
b

© piqure A-3. Schematic cross-section of the Cuffytown
Creek pluton, shoving hypothetical position of exposed

granite, at top of magne chamber.
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Modal analyses (Table A-2) showvthat guartz and the'two
feldspars constitute 96-97% of the rock, Quartz occurs as
large, anhedral grains viih undulose extinction. sdbhedfal

to antedral emicrocline nicroéerthite is unzoned and highly

'kaolinized; a smail petcentaqe 'of grains are. tvinned

according to the carlsbad law. Some grains are poik@li;ic
and éontain blebs of quﬁftz. Plagioclase qtaiqs; also
unzoned, have\aibite tvinﬁing, Tﬁéy are generally-euhedtal
parallel to (010), the compqsitién plane of'.albitg,twins;
Along grain boundaries perpendicular to (010), the cryétals
are usually anhe@ral;"sharinq “irregular grain boundaries
vith neighboring q&&rtz or wmicrocline. |Most grains are
highly sericitized, containinq numerous' spall i@cldsions of
vhite wrica, aithough :some , grains'»aré nearly entirely
replaced by a sinqlé,crystal of white mica.

Microprobe analyses. show thét the feldspars are neﬁr
end-memnber corpositions (Table A-3), Plagioclase ranges
from  An9Ab900r1 to  AnOAb990r1, and nmicrocline from
AnOAb110r89 to An0Ab20r98, Additional work is necded to
detersine  vhether thié' compositional  variation is
characteristic of all samples. |

‘Thevvhite mica, whichk occurs as ia;ge-crvstals gnd as a
sericitization product of plagioclase, is a ’phgngite
containirng 2-3% fluorine A(Table A=-4). Phenqifé is
interpediate in 'composition betveen end members muscovite,
K2A14 (A12516020) (OH,F)4, | ~and celadonite,
xz(ﬁg.re=+)a13(51si7ozo)(on,r)u,' The samples analyzed
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TABLE A2
CUFFYTOWN CREEK MODAL ANALYSES

memz= it 34 s S 3 F F P T T S 3T T Y P T =============

CB7-15  S7-50A  S7-50D  S§7-52  S7-53
o
QUARTZ 36,1 33,9 39.5  41.8 32.6

K-FELDSPAR 27.8  30.0 24,0 25.1 32.2
PLAGIOCLASE  33.4 34,7 32.4 30,7 32.2
WHITE MICA 2.6 2.6 3.4 2.3 1.5
BIOTITE R - - - -
GARNET - - " 041 - -
OPAQUES | 0.2 0.5 0.8 0.1 0.6
FLUORITE 0.8 0.2 0.2 - 1.0
acc. 01 0.1 TR TR TR
§o. PTS. 1732 13S6 1502 1553 1502

E 223 23 P ¥ 4 s i 3 T L ) S T - T e SSESSEs ==t
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|  TABLE A3 o
MICROPROBE ANALYSES, CUFPYTOWN CREEK FELDSPARS

h
]
L]
]
0
]
it
H
"
]
||
"
!

i
1
I

d
)
"
1]
1]
"
"
i
1]
H
"
[}
1]
"

§7-50C f :

PLAG. PLAG. PLAG. ALK. FSP,
=========-—“======================:.==."================:===-‘-‘:--'8::
S102 68.34 67.87 66.88 65.86
AL 203 21.15 20.81 21.73 18,71
CAC 0.63 0.62 1.86 -0
NA20 ' 11.28 11.39 ' 10.37 "~ 0,28
K2C 0.17 0.18 0.27 16.27

sun ‘ 101,57 100.87 101.11 101,08

NUMBER OF IONS OK THE BASIS OF 8 (0)

sT 2.94 2.94 2.90 3,00
AL 1.07 1.06 1.11 1,00
NA 0.96 . 0.95 0.87 0.02
K | 0,01  0.01 0.02 0.95
1Z% 8,01 4.00 4,01 4.00
X  0.98 0.99 0.98 0.97
AN - 2.07 2.89 8.88. 9.0

2B 96.08 96.11 89.59 2.19

OR - 0495 . 1.00 1.53 97.81

*17 = SUM OF IONS IN TETRAHEDRAL SITE; IX = SUM OF CA, Ni,
. AND K IONS. : |
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TABLE A3, CONTINUED
MICROPROBE ANALYSES, CUFFYTOWN CREEK FELDSPARS

==8888883:88:::3:8==========================='-;===============
‘ §7-55 . . ...:57-504
: .. PLAG. ALK, FSP, ALK, PSP. ALK, FSP.
88===========================================================
s1o2 © 69.73 . 64.90 - 63.30 - 64.64
AL203 20.23 18.85 19.79 19.21
CAO 0.13° . 0.0 . 0.02 0.0
son 101.77 99,98 99,00 100,55
st 2,98 2.98 2,96 2,97
AL . 1.02 1.02 1.09 ' 1.04
cA 0.01 0.0 0.0 0.0
K 0.01 . 0.88 0.93 0.95
1z 4,00 8.00° .03 4,01
AR 0,61 0.0 0.10 0.0
AB 98.66 11,43 2.18 4,57

=8 ==============2=§8==== 122 3133 233333332t 4332 332 4 >t E 1 2 £ F 1 2 3+ 2]
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TABLE Al

MICROPROBE ANALYSES, CUFFYTOWNN CREEK WHITE MICA
_ §7-50A S7-50C $7-55 - S7-55A  S7-54 S7-54
R RS S S N T T T R N T S S S T S T R R S S S S S S s S s S SESSSss S EERE
SI02 48,41 46,63 48,20 45.40 49,05 47.43
. TI02 0.31 0.76 0.14 0.57 0.47 0.64
AL203 31.63 . 31.36 32.42 31.22 30.57 31.02
FEO* 5.40 6.20 - 6.43 . 7.96 6.59 © 7461
CAQ 0.0 0.0 0.0 - 0403 0.0 0.01
NA20 0.19  0.24 0.14 0.37 0,0 0418
K2¢C ' 8,11 9.59 - T7.99 7.90 7.49 7.58
H20%* - 4,53 b, 48 3.8 - 3,13 .. 8.548 - 4,50
F N.D. K.D. 2.37 2.81 N.D. NeDe
o~F - - ©1.00  1.18 - -
SUn 100,87 101,66 101.78 - 101,01 101,40 101,50
. NOMBER OF IONS BASED OR 24 (O,H,F)
SI -~ 6.81 6.23 6.22 5,98  6.47 6.31
AL 1.59 1.77 1.78 2,02 1.53 1.69
AL 3.38 3.17 3.16 2,83 3.22 3.18
FE 0.60 0.69 0.69 0.88 0.73 0.85
MG 0.36 0.36 0,20 0.37 0.41% 0.34
EN 0.05 0.07 0.07 0.11 0.07 0.09
Ca 0.0 . 0.0 0.0 0.0 0.0 0.0
NA 0.05 0.06 0.04 0.08 0.0 0.04
K 1.37 " T.64 1.32 1.33 1.26 1.29
IR#*s 1,42 1,70 1.38 1,81 1.26 1.31
Y 4,38 4,37 4,13 4,25 .48 4.52
Iz 8.00 8.00 8.00 8,00 = 8.00 8.00
N T S S S T S T T S T T S S S sS T S ST N T S T S S T ST T T T E T TS T ST TS SN EsS T

*ALL IROWN AS FEO,
*%H20 CALCULATED. ' S :
*%%I¥ = SUM OF IONS 1IN 12-COORDINATED SITE; Y = SUM OF IONS
IN OCTAHEDRAL SITE; fZ = SUM OF IONS IN TETRAHEDRAL
SITE. '
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average about 40% celadonite end mesber, and iess'thad 0.05
paragcnite component.f;n, ,

- Brown biotite 1&"9&5£ce. ~'and generally partially
altered to chlorite and hematite. o

'Accessory-andfopanehiinerals*forn clusters between the
feldspet and qnartz grains.' The:stable opague assemblage'is
rdtile',pius 'henatite,' pseudomorphed after ilmenite and
igghetite; 'forrer-‘ilnenite grains | are: conposed of
intergrovn rdtile and hehatite-‘ euhedral magnetite grains
have been replaced to varying degrees by henatite.

Plnorite is preseut ir all samples examnined, conprising

'1/2 to 1 nodal percent of the rock, Other accessory

'minerals ‘thus far identified are garnet, zoned allanite,

titanite, zircon, and a rare ‘earth phosphate.~

The qarnet in the granite (Table A-S) is an alnandine-
spessartite. Garnets have the formula x3rzzao12, where X is
8-coorinated, Y 1is G-coordinated, and 2z is 4n tetrakedral

coordination. Calculated formulas for the cﬁffytownvcreekv

garnets do vnotjfit the standard garnet confiquration. An

excess of Al appears in the octdﬁedrally'~coordinated'site~f

(I, average 2.56 instead of4250), so that a deficiency

‘appeatrs in the 8-cccrdinated‘site‘(everaqeiz 32  instead of

3.0). 1 possible explanation for this is the presence of an

’additional. undetected element,*vhich is also suggested by
the sums of the analyses, Hicroprobe analyses )of qernets

_generally sum to 103-104 wt. %, probably because of the high
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o : C ) -TABLEfAS PO - ’ L e e
MICROPROBE ANALYSES, CUFFYTOWN CREEK GARNET

ST

T S N ST T T T I T T T E R S T E S E S TS ST S ST SRS S IERE

$7-54¢ . . . B7=210 .

Py T P P S P O oy S Py P P 3 S s S

SIO02 35.99 36.69 36.44 37.48
TI02 & - .. 0427 . - - 0,26 - . 0,17 . 0418.+
AL203 25.48 26.26 25.42 26,20
FEC* i 10.69 - 11,12 . . 12.37... - 12,63
MGO ‘ 0.0 - 0.0 0.0 0.0
MNC - 26,69 - 2719 24,70 - 24494 -
CAO 0.75 0.65 0.48 0.60
NA 20 ’ R 0.0 : : 0.0 ° - Do 0.0 : s 0601
K20 0,01 0.02 - 0,02 0.02
sogm. - 99.88 102,19 -+ . . 99.60 - 102,05 .

NUMBER .-OF IONS .ON THE BASIS OF 12(0) -

SI : 2.88 : 2.87 . v 2692 2.92
TI 0.02 0.02 0.01 0.01
ALz I 0,10 “0e 1. ivs o 0.07 . 0,07 .
ALx 2.30 2.31 2,33 2.34
FEX o 0.0 . 0a40 o 0.0 - 0.0
PRy 0.72 0.73 0.83 0.82
MG 0.0 0.0 - 0,0 0.0
MmN 1.81 1.80 1.67 1.65
CA 0.06 0.06 0,08 . 0409
NA 0.0 0.0 0.0 0.0
K 0.0 0.0 0.0 0.0
LX*% 2.30 2,31 Q2033 ' <;203Qf'
Iy 2.59 2.59 2.54 2,52
£Z 3.00 3.00 3.00 3.00
ALA RN o 2T.63 \128016 - 32.55 "32.67
PY 0.0 0.0 0.0 0.0
Sp A 69.88 - 69,73 65.83. 654348 .
GR 2. 48 2.11 1.62 - 1.99
% - .

*ALL IRON AS FEO, :
*¥%7X. = SUM OF IONS IN TRIVALENT OCTAHEDRAL  SITE; IY = SUM OF-
JONS IN DIVALENT OCTAHEDRAL SITE; IZ = SOUM OF IONS IN

~- - TETRAHEDRAL SITEs . - .. . = ool 0 T
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| ;\ej 3ij¥%density of the uineral. f The sums shown in Table A- 5 are
| 'u. therefore' actually lov. !ttriun is the nost probable
| candidate for the undetected element. The’ Cuffytovn Creek
lgarnet aay be an alnandine-spessartite with liuited solid ‘
‘ solution tovard yttrogarnet (Y3A12313012), {vhich vould
;faccount for the unusually hiqh concentration of aluuinuu.'
”/ ) !he phoSphate is surrounded by radiation damage halos
o .,fgaoticeably larqer ‘ than those surrounding ; zircon.ﬂ
??';fl;ijftoualitative analyses vith a Kevex solid state detector shou
'7€vfthat the lineral is conposed of Ce, La, Th, and B, with
:'lesser auounts of g and Sm. It is probably nonazite..
’3.jturtber optical and aicroprobe f analyses vill help to
vj‘identify the uineral. | 5cans of zircon shoved ‘no latge
1to‘anounts of elenents other than Zr and si, although the
"upresence o£ suall quantities of U or. Th is indicated by the

vradiation danage halos._

o ,E;;;gg;mf a;g'musgs )

ﬂjvfi the pluton is cut by nunerous, steeply dippingﬁ

75€ifractures, vhich probably forned | during cooling jaana

ﬁwgtcontraction of ‘the granite.; several types of fracture
,A | __Eseveral cn thick, vere observed in core fron*
f-f;the drill hole.. SOme £ractures are filled bv quartz° a feu-
:tﬂare filled by fluorite or quartz + fluorite. Others contain‘

3 "carbonate t chlorite t sulfides. Pyrite is the‘sulfide nost
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commonly associated with the fractures; sphalerite and
chalcopyrite vere found in one sinple (305.2'm): in another
(267.5 ﬁ),_[ interqrovn Bi-Pb gnd Bi-Te sulfides ~iere
identified by microprobe analysis.

| Also occhrring in>thé fractgteé‘are  coﬁspicuous black

dendrites, Bicroprobe analysis Sbows they are composed

predominantly of Nn oxides. Hn occufs in -& variety of

oxidation states, and its oxides are difficult to

distinguish,' pgeventinq pinperal identification. .in"thin

secticn, the dendrites sppear as opaque linings along

cleavage traces and grain boundaries.
Shole Reck Chepistry

‘-'ﬁa1oryeienent, uhole rock anaiyées'of five samples by
x-ray fluorescence are Vlisted'in Table A-6. | The high sums
are ptobably‘due to silica analyses that are 1-2% too high.
The ro¢k is high in silica and lowv in Fe, Mg, and Ca. All
saiples are,élightly peralumirous. Corundum appears in the
norm, and molecular (K20¢Na20¢Ce0)/A1203 = o.él',(avgragef

five sawmples).

‘Coptact Aureole ©

The Cuffytown Cfeek pluton is bdundgd by a contact

aﬁréole, aéproxinately'o.srkm vide, which is best exposed on

the northvest side of the pluton., Outside the aureole, the
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TABLE A6

*ALL IRON AS FEO.

CHEMICAL ANALYSES OF THE CUFFYTOWN CREEK PLUTON
CB7-15 $7-53 S7-55 7-50A S7-54
T T e S T T T T T T T S SR T ST s sSsSS
SI02 76 .85 76.65 76. 35 76.51 76.41
TIO2 0.06 0.06 0.06 0.07 0.06
AL203 14,12 . 14.61 14.65 14.40 15.12
PEO* 0.60 0.60 0.50 0.62 0.45
KGO 0.06 0.06. 0. 06 0.06 0.07
MNO 0.09 0.06 0.06 0.14 0.05
CAO 0.58 0.53. 0.61 0.58 0.15
NA20 4.28 4,53 4.23 4,19 4,20
P20S 0. 02 - 0.02 0.02 0,02 0.02
son. 101,64 102. 14 101.58 161.847 101.52
0 - 30.59 =~ 28,80 30.22 31.15 31,66
-OR 28,95 29.04% 29.32 28,42 29,05
AB 35 63 37.53 35.24. 34,94 35.01
AN 2,70 2.45 2,85 2.71 0.60
. EN ' 0,15. 0.15 0. 15 0.15 0.17
FS 115 1.09 0,92 1. 27 0.81
IL 0.11 0.11 0.11 0.13 0. 11
HY-ER 0,15 0.15 _ 0.15 0.15 0.17
DeX. 95.17 95.37 94,77 94,51 95.71
s E e S T T T S N T S SRS E R RET RIS
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.assenrlage of the wmafic metavolcanic rocks is in- the:}f;“'

qreenschiste’facieS' (Fiq.l A-4a): quertzf_+,.plagioclasef“.
(probably albite) ’ epidote- + chlorite g+°} opaques t

carbonate, ) Rocks collected from the aureole (Piq.' A-ub)f

ccﬁtain ‘duartz + plaqioclase . epidote R AN chlorite 3f7»-o‘v

hornblende s opaques. SAmples that vere collected a :’loiﬁ;f,?@;5;ﬂ'

withln the granite boundary, and that probab1y rePtESent RN

xenoliths, contain quartz + plaqioclase (Anﬂzp . hornblende .

. clinopyroxene . opaques (Fig._a-uc).'
Skarp

A skarn, approximately 10-20 R vlde, crops out locally

along the northvest contact of the pluton.\_ The rock” isr, T

composed mainly of quartz, fluorlte.' and an andradite-fff”yxﬁw

-grossnlar garnet containing 5-6 vt. R Hno. Also present/are7'
actinolite, bearing 2! Hno, and epidote, Ps23Cz76Pd1. . Some.
eophiboles’ grains ~enclose a -core of ferrosalite,'

, vosorszsznéznna.

Retrogenesis of the Cuffytown Creek Blutop

. 1o lines of evidence suggest 'thatA the §:ésénfiyrf,i7f;“-

exposed granite represents the top of a “much larger pluton;‘5

(Piq.ga-B)' “the lerqe qravity anomaly centered over thefllyl'

plnton, and the hithy differentiated nature of the granite,?l_f'fe_
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Figure A-4, APN diagramsﬂillubtrating assemblages in
the country rock.. a--Greenschist facies assemblage outside
the contact aureole; b--assemblage in contact ~aureole;
c--assenblage 'in : presumed - xenoliths collected as float
- within the granite boundary.
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vith its large proportion of gquartz and low concentrations

- of Fe,'ng, and Ca, The ubiquitous presence of fluorite in

the granite, and its abundance in the skarn, support the
hypotbesis that the granite crysta;lized in the cupola of a
nagma chasmber, because iolatiles, as vell as the nwmost
differentiated 1liquigd, vould collect near the top of a
crystalliziﬁg gr&nite nush.

To estimate the pressure of crystallization, normative
vhole rock compositions vere ploi;ed on a ternary diagram
shoving corpositions of _ninimug relting for vatyinq
pressures at PH20 = 0 and PH20 = Ptot (Fig. A-S5).
éonpositions of the granite plot near the wet rinima for
anorthite~-free systeams. The discrepancy between the
experimentqlly determined granite ninina and the composition
of the granite may be due to the influence of fluorine on
the sisten, or'to the effect of =anorth1te. Approximately
2.6 pefcent norpative anorthite is present, and the addition

of ancrthite to the Q-Ab-Or system poves the mipima toward

the Q-0or Jjoin, in the direction that the Cuffytown Creek

sanples are displaced from the anorthite-free mlnima;v The
pressure suggested by the diagram is about 2,5 kb.

After crystallization of the magme and during coolinq,'

the minerals continued to re-equilibrate, aided by

interactions with iate siage pagratic fluids., Plagioclase

and eicrocline cowmpositions indicate that equiiibration

~betyeeh: the feldspars ~persistéd to low temperatures.
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_, ol0 |
Composition of the
Cuffytown Creek Granite

Figure A=5. Nornative'quartz-albite-orthoclase‘diagram

experimentally determined =minima for wet (PH20 =  Ptot;
futtle apd Bowen, 1958 and Luth et al., 1964) and A4ry

systems (PH20 = 0; Luth, 1969).

v . VAR S V A V \

Or

shoving  compositions of Cuffytown Creek granite, and
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Exchange of alkalies would be facilitated by the high
concentration of volatiles (Orville, 1963). To determine
the temperature of crystallization, the value of 2.5 kb was
used in Whitney and Stormer's (1977) geothermometer for low
temperature feldspars. The range of equilibration

temperatures is 350-4409C, similar to the «ca. 400°C

temperature determined by Whitney and Stormer (1977) for

pérthites in the Danﬁnrg, Siloam, and Stone Mountain plutons
1n;Gectgia.

The vwhite mica may also have changed composition during
cooling, Phengitic micas mnore typically occur as a

constituent of rocks metamorphosed at lov  temperatures and

moderate pressures than as a primary phase of'igneous rocks./

The oxides reacted from ilmenite + magnetite"tb
hepatite ¢ rutile, Rumble (1976) showed that incréasing
oxygen fugacity, in this case supplied by the late stage

fluids, would drive the reaction (Fig. A-G):~
1/2 02 + FeTiO3 + FeFe204 -> Ti02 + 2Fe203

Puring solidification, contraction probably caused the
extensive fracturing of the rock, creating passages for the
percolating fluids. Quartz, fluorides, and sulfides,
enriched in the late differentiates, were deposited along
these paths of easy migration. Much later, after uplift and
- erosion, leaching of overlying rock allowed deposition of

- manganese oxides along‘the fractures by neteoric vater.,
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* Rutile + Hematn‘e B .
A Jl-HM

o Ruﬂle+Magnetn‘e\

R N llmenlte: | 3
R‘f"e B e P R NI Ve
llmenite --.'Mogne,ﬂfe- ~ [QFM

atémic proportions

Pigure A-6. X-£f02 diagram fror Rumble (1977) Arrow
. shows the direction of reaction produced by increasing f02,
_from’ nagnetite + ilmenite to hepmatite ¢ rutile., -
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Locatiop of Radiogenjc Elements

work completed to date on the Cuffytown creek;pluton-'
indicates that U and Th .gre céncéntrated in the accessory
ninerals mornazite and zircon. Further work, includiné_‘
autoradiographs, microprobe ‘ahalyses, and fission iraqk‘ 
stndies; are needed to determine 'if these elements afe
present in other sites. The drill core should provide good
'sanples for studying the effects of 4a1£eration on the
location of T and Th; the 'granite ffon the hole varies from
fresh to severeiy altered., 1In fresh -rocks, 0 and Th appear

to be concentrated in the accessory phases.

The reaction seen in the iron-titanium oxides ptovides
evidence for a change in oxygen fugacity subsequent to the
-crystallizatioh of the granite, 1In highly oxidized rocks,
uranium will be highly mobile as 06¢; in environments of low
f02, uranium will be relatively immobile as U4+, It pay be
possible in future studies to correlate the level of oxygen
fugacity determined from silicates and iton-titaniun ox}des'

with the anmount ofvnraniun lost after crystallization;
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PROGRESS IN FISSIOK TRACK ANALYSES

S+ ¥, Becker and Je Alexander Speer
:n&;gﬁss£192

Tbree elenents contribute to the heat generated in
rocks by radioactive decay: K, Th, and v. According to
data collected thus far, K genétaily creates less than 10%
of the heat produced. Even in highly potassic rocks, the
cbntribution from K is no greater than 2.6 HEVU, about one
thitd}of fbe totél, Thus for nearly all rocks, U and Th
produce most of the heat. Relative contributions from U and
Tﬁ can be calculated from Rybach's (1976) eguation:

. K =0,7180 ¢ 0,193Th + 1,262K
(H in naés‘units,‘ ucel/gn-yr, U and Th in ppm, K in vt %).
When !h/u;is greater than 4.0, Th contributes more than half
of the ﬁeat produced., Jrhe average Th/U for samples from the

southeastern U, S. is 3.8, so that a significant proportion

of the heat geperation coaeS-_frdn Th. Questions concerning

the guantity and distribution of heat-producing elements in
the crust settle on the behavior of U and Th.

| "ﬁnderstanding the  hehayior_of'U and Th should aid in
locﬁtiﬁqlrgreﬁs vhere their éoncgntrgtions‘ are " high,
résulting yin ;higher heat _,generation; Because of the
differeﬁt geo&hemical,charggteristics of U and Th, and the

various processes affecting their distribution, bulk U and
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Th analyses do not significantly contribute to undérstanding

their behavior, Progress can be rade by 1learning the

locations of the elements, the textural relation betveen_thé

nineral phases involved, and the abundance of the elements.

Knovledge of these factors allovs the behavior of U and Th

to be cqtrelated vith the petrologic evolution of the rocké.

vhich can be more readily determined from a study of the
pajor mineralogy. | , | | : |
our work on the granites in the southeastern U. 5. has

identified at least four episodes subsequent to the original

crystallization vhich could provide suitable conditions for

the sclution, transport, and redeposition of.u:aniui, vhich

would complicate the understanding of the U and Th

distribution resulting from igneous crystallization; The

episodes are deuteric alteration during the last ,stagé.of

magmatic cry;ta;lization, hydrothernal activity ‘during the
Mesozolic(?), the supergene stage, arnd veatharing. | The

. country rocks have been subjected to the last three

episodes, as vell as the effects of contact'netagotphisn,

vhich complica tes the understanding of the distribution of
theA radiogenic elements achieved during an -earlier
metamorphic event(s). Such intricate geoldgic histories
make uncertain the choice of criteria that §hou1d bevused to
locate areas of high héat production if fhe onlf infofnation

available is bulk rock U and Th contents.

C
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Previous Fork

pata fron fissioh"tfeck’studies ‘ih the literature

indicste variable amounts of u in minerals and alesg grain

iboundaries. Quantitative studies show that'U andv Th occur

primarily in accessory minerals. Qualitative fission track

vork shovs signiticantly pore U distributed along cleavages,
grain boundaries, and cracks, and associated with dron and
ganganese minerals. The lecgtion of U is probably variable,
and depends on the effeéts of deuteric and hydrothermel
alteration and ‘gfoﬁndvater leaching 'sﬁperinpesed en the
original 4gneous or ' metamorphic distribution. Samples
chosen for quantitative work generally have the least
conplex geologic history. hence. a large percentage of the U

and Th in these studies is founa "in the original

crystallographic sites. Sanples examined by qualitative

uethods have usually been sub1ect to post-crystallization
processes, and thns shov a nore varied distribution. The O
lining grain boundaries. uicrocracks, ‘and Fe-un ninerals has’
been ptobably ‘been leached, transpotted, and redeposited.

Because Th does not form readily soluble complexes, as does

_ U, it "is believed to remain in ‘sitesi’?eeched '&utinq

crystallization.
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Progress

puring the past two months, progress was made toward
detereining the distribution of U 1in' granitic rocks by

fission track analysis. Several thin. sections were

irradiated at the U. S, Geological Survey in Denver and have .

been returned to the RadiationISafeti Office at VPI & SU,
Steps are currently being taken to conply" vith the
University safety regulations ‘concerning the use of
radioisotopes. J. S, séeef and s.'v. Becker have passed the
course and tesf.feqnired of' all petéonnel involved in the
study of radioactive material. 'An, application for using an
area in Dr. A. K. Sinpha's ldbofafbff to examine the
irradiated samples has been submitted and is awaiting
approval by the University Radioiéotope Committee.
preliminary work on the distribution of U and Th has
~been performed using the electron eicrprobe ¢to test the
applicability of this approach., Figure A-7,a-e,' are x-ray
scanning photographs of overiapping grains of uraninite and
. apatite in a biotite matrix. ©Each photograph shows the
relative concentrations of one element in thé various
pinerals; high concentrations appear as light-colored areas.
"~ The uraninite, in addition ¢to 9ranium, contains significant
apounts of thorium and lead. Calciur in the biotite is
concentrated in a ring surrounding the uraninite grain,

apparently as a result of radiation damage.
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Similar 'scanév of an allanite grain adjacent to
‘potassiun feldspaf (Fig., A-B,a-c) show that thorium is
highly COnCentrﬁted:in 'allanite, at 1-2 vt L$.A;nran§un;&as“”
not present in detéctable amnounts. o o

Fission trackizwork vill allov"mbfé~détaiiéd_éétudfébf‘:}
iuranium concentraffons than the niéroprcbe xérayHSCané.i Not
“only shculd it be §ossib1e to determine the absoluﬁe uranium
contents of thé-various phasés, but small amounts located
‘along grain bounéaries,’cleavage traces, and cracks should
;be detectable as well. | |

Study of'tﬂdriuu Qill»requirev mbre comblex nethods.
"The decay of fh-232, the naturally occutriﬁq isotope, is too
slow §o use fission track teckniques analogous to those used
for U0 detection. Thorium distributions will be studied by a
combination of nmicroprobe, particle ¢track mapping, and
néﬁtion actiﬁationf techniques, Combined with the fission
tréck-work, these studies should provide an accurate guide
to the distribution of radiogenic elements in granitic

rocks.
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Figurs AS8. X-ray scanning photographs of allanite
adjacent to potassium feldspar; field width = 0,11 nm. (a)
Map showing grain boundary, (b) scan for Th, showing high
concantration in allanite, (c) Ca scan, (d4) K scan.
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FETROGRAPHIC AND PETROLOGIC DESCRIPTION OF A SUB-COASTAL
PLAIN BASEMENT CORE FROM NEAR JESUP, GEORGIA

Richard J. Gleason

Introduction

The aAtlantic Coastal Plain geologic province {is
conpoéea of a sequence of Cretaceous to Recent sediments,
ptedominantly continental clastics north of southern
Georgia, though becoming proqressi#ely marine toward the
coast, and predominantly marine Vcarbbnates in southern
Georgia and Flotida (uaher,’1971). In general, the Coastal
Plain Sedimentsythicken touard' the Atlantic Coast, with
oierall " structure contours' approximately parallel to the
predcminant ¢ lppalachian trends to the west (Fig. 1-9).
Locally, subsurfeace structu:es'interrupt this trend, nmost
notably the salisbury Embayment and Southeast Georgia
Ertaypent, vhere onshore thicknesses of sediment exceed.
10,000'feet and 5,000 feet, respectively, and the Cape Fear
Arch, wherg “the sedimegt thiékness at the coast thins to
just over 1,000 feef. Offshore, thé Coastal Plain
cortinues to thé edge of the Contineﬁtal Shelf., At the

western limit of the Coastal Plain prbvince, Cretaceous and

 Tertiary sediments overlie the Piedmont province, composed

- of metaporphic rocks and igneous plutons. The Piedmont is

interrupted by deep, early Mesozoic (Triassic-early

Jurassic);: fault-bounded troughs of ‘{mpature continental
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Figure A-9. Regional geology and structure of the
Atlantic Coastal Plain, showing approximate 1location .of
basement core #Je 1. (Adapted from Maher, 1971.) -
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clastics and mafiq volcanics; for exanple; the Newark 3asin
of New Jersey, the Richmond Basin of Virginia, and the
Dntham-nadesboro Basin of North carolina (Fig. A=9) o

V"Basenent",g; defined for the DOE geothetmal project
consists of.any material underlying COastalrEIgin sediqent,
and thus p;y"be qene:alized as "pre-Cre(aceous" in age.
Cntrentrknowledqe< and undérstanding‘of ~this preQCretaceous
bagenent is dependent on existingh,data for wélls vhich have
lbgpet:ated the entire Coastal Plain sequence, as well as on
gégnetic.and'gravity‘data. Because ,of,the{ considerable
depth of‘ puch of this_ sequence, vell data isl somevhat
séanty; copsisfing of vells drilled for local water supply,
and a very fey deeper oil test wells.

Because any potential heat source for low-feméerature
geothernal_énergy along the Atlantic_anstéi Plﬁin vill be
part of the underlying pre-Cretaceous basement, it is
essential that the level of understanding of this basement
be .vastly 4improved. To meet this objective, research has
been ongoing at VPI & SU and consists of tvo parts. The
first aspect of this ,:eseatchi is a compilation from
literature df gll existing déta: for wvells which,penetraté
baseneﬁt. This vork is belng-perforned.fbr each State and
vill provide existing data points as vell es an indication
of ‘areas vhere data are‘ scarce. ghe second aspect consists
of d;rect pbservation;ofwAdrill-cpre éanples ‘thained ffom
wélls vhich‘have penetrated and recovered basement material

frcm beneath the Coastal plain.
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The first such core obtained:_for study vas recovered.
ftcp a‘p_vell drilled npear Jesup (Vayne caunty) ,hiﬂ%_
southeaspern Georgia (Fig. A-9). This well vas located_
app;pxiuatgly 130 miles southeast of the édge cf the cQagtal .

Plein province, and bgsement raterial vas cored from 4341°¢

to 4371' belov the drilling datum, The following discussion

concerns the state of the research concerning this core, and
is intended primarily as a descriptive summary, though sowme
mention vwill be made of its relation to other basement data

frcm the area,

Previous Ipvestigatiops

Because of its proximity to the highly productive

petroleun province of the Gulf Coast, Georgia has benefitted
fronm qon;i@grably more deep drilling activity than anyvof
the other states 1lying along the Atlantic Coastal Plain to
the nor th. A literature survey has provided a list of 80
deep vells which penet;pte pre-Cretaceous basement belog};hg .
Georgia COastall Plain, A number of articles referring to
 this basement, based on well-data have been published.
Perhaps the nost conplete descriptive snipary 6f basement

vell data was prepared by uilton and Eurst (1965).vxﬁ o

provided general petrographic snmnaties of basement materialg,u

frem 39 vells in Georgia.
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A general intetpretation of the basement geology in the
vicinity of - the Jesnp dsill hole was discnssed' bj Applin
(1951);t' Boss (1958) gave a pettographic description of
velaed::tuff obtained in a uell fronm Clinch COunty.
ap;roximately 70 miles to the southwest of Jesup. Bass
(1969) described crystalline basenent rocks of Florida and
southeastern Geotgia, vith specific. attention to regional

age relationships and tectonic implications.
- prilling 2pd Recovery of Core -

Basenenti core #Je 1vvas obtained from the State of
Georgia C. D. Hopkins et al. well, vhich was located
approxiuately 8.5 miles southeast of Jesuo (Vayne County),
GeOtgia. This vell"was'conpleted on December 12, 1977 and
basement material was cored betveen 4381¢ and ﬁ31{' below
the drilling datuw., Prom this 30' interval, appfoximately
27.51 of core wag recovered. The core was then split by the
USeS, and half of the core was semt to VEI & 'SU for .

analysis.
. Hacroscopic Description
‘the core ' is an extremely fine-grained, dark gray to
black rock with interbedded, 1ight gray beds and laminae.

The 1ight gray units range 4n thickness from a few
nillimeters up to approximately three centimeters. The.
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darkest portions of the core locally contgin vell-defined,
fine‘lﬁnipations of less than a millimeter in thickness and
eiéevhére appear massive,. The lith gray zones‘hgve -no
internal bedding within qifen units, Much of the core is

composed of rock wvhich is intermediate between these two

extremes, both in color and development of laminations. .
This implies that the material in the core nmay represent a -
full range of depositional conditions between = those .

responsible for the formation of darker, well-hgdded

naterial and the light gray, massive units,
Perhaps the most notable characteristic of the core is

its deformational fabric., Bedding orientation of the gray

layers varies from subhorizontal to subvertical, with

perhaps 25-30% of the core having' dips steeper than 60°,
Bnéh of the core has a chaotic appearance, with abrupt dip
variations and numerous fin er-scale deformation features
resesbling drag folds and crenulations, This pervasive

deformation resembles slnmping of sediments in a semi-

consclidated state, with larger slump blocks deforming

relatively coherently ard rétaining features .such as

bedding., This presumed slumping was responsible for small-

scale faults which 1locally offset laminae by up to several

eillirpeters. softer, less consolidated portions of the

sedimentary sequence appear to have deformed somevhat more

‘plastically, causing such fine-scale features as ‘“drag

folds® and fine 'étenulations of bedding laminae. Figure
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A-10 is a2 schematic representation of the cdre,‘indi¢a£in§
bedding as well as fracture orientations. The high‘degree:
of deformation is evident from this figﬁre. -

" In addition to the apparent slump deformation, the core
i cut by a large number of fine fractures, most of which
‘are:fiiled by calcite. These fractures range from barely
'QisihieJoh'the nacroscbpic scale up to a few millimeters in
vidth. In a few areas the calcite veinlets open into
irreqular pods apprdxinately one CR long. Texturally, the
. cﬁlcite ,veinlets‘crﬁsscnt rthe"appareﬂt slunp deformation
features described above, although several of the calcite
kvéinléts,'partlcularly" the coarser ones, vere ‘formed aloﬁq’
"fracture zones ;elﬁted _to  the éarlier .deformation.
Macroscopically visible fractures, many of vhich are filied
by calcite, are also depicted on Figure A-10.

on the macroscopic scale, the mineralogy of the core is

' somevhat indeterminable, ‘due to the fire-grained ‘pature of
' the core material. Pyrite is vis;ble as disseminated
eubedral grains finer than 0.1 pn and as amorphous blebsv:
oriented 'hothA£16nq ;béddihé and 1long some ‘of/fhé larqér“
veinlets. A nmineralogical difference betuéén the dark and
light units is sngqested by‘ fhe difféfence in hardﬁess4-tﬁe |
" considerably softef nature of the 1ight gray léminae‘ihplies
a higher clay/mica content than in the qrdy-biack sections.
calcite is identifiable in most of the coa:ser“fraCtufes’in

the 'core. Apirt’ from these nminimal observations, no
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further identification of the mireralogy is possible on the

racroscopic scale.

i

Eet.resr.a.nhz

Testure

, The*entire ‘core is conposed of extremely fine-grained
naterial, nost of vhich is groundnass finer than ‘.01 nm.
auch of this groundeass may be as fine as .002-.005 mn.i The
core ; exhibits al well-developed pyroclastic, texturp,~
prinarily defined by a variable but considsrable content of
angular phenocrysts ranging up to .05- 06 nm in size, which
are most ahundant in the light gray ‘layers. A few 1oca1‘
features reseabling shard structnres were ‘also identified,
particularly in the lightigrayh_layers. The fine grain size
and pyroclastic texture of”nuch of the core imply that nuch’
of it may have originated as volcanic ash vhich vas erupted
frcn vents and deposited as ash-fall tuffs, Lo

The variability in~ darkness of the core material is

identifiable in thin section as a function of the opaque '

content. The darkest sections of the core generally contain
the highest anount of pyrite and brown iron oxide stain,

uhile the light gray layers have a much lover mafic content;

The darkest sections of the core comnonly exhibit uell-an~

developed nicroscopic laninations ‘ resembling fine-scale‘

bedding features. These laminations are largely a result of
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the concentration of opaque grains and contrasting degrees
of brovn staining in lenticular <zones. The sectioné that
exbibit the best-developed laminations correspondingly
contain the lowest amount of phenocrysts. Conversely, the
light gray layers characteristically contain the highest
pyroclastic content in the form of .phenocrYsgs, but are
alpost alvéys’massive vithin the layers., |

A§ the macroscopic appearance of the core sujgests,
nuch deformation is visible 4n thin section. Hicrdséépig
lasinrations exhibit picro-folds and crenulatidns,v and
offsets of these structures indicate the ;thSence of

microscopic faults, These deformational features resemble
the macroscopic ones vhich vere attributed to soft-sediment
élunping of the core sequence. Microscopic features related

to a later deformation episode(s) are also recognizable;
felsic apophyses and veinlets of feldspar or quartz are
ubiquitous throughout the core and are crosscut by later

carbonate veinlets.

Biperalogy

The mineralogy of the core is teiatively constant, with

slight variations between the light gray layers and . the

dark, laminated rock. The groundmass of the core is

composed primarily of - felsic material and‘séricite. ~The

sericite blades have a paximum length of approximately . 005
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nn,‘vhile the felsic=grainsrare finerythan‘.ooz en and are
nnidentifiahle in thin sgciion.  Seriéite'conteht‘inc;e@ses
visibly inythe light gray layers, vwhere it composés the bulk
of the groundnassf hoveier, in the darkést and best-
laginated sectiqns, the :sericite‘ content decreases to a
grocundepass accessory, with the vgroundmass"instead being
ccrposed almost exclusively of felsics, X-ray diffraction
analyses of both the 1light gray and dark nmaterial verify
this pineraloqical contrast, as the diffractograms indicate
that’the predorinant ninetalogy of the 1iqht gray materigi
is a 10 angstroe vhite nica phase with subordinate quartz
and albite;‘while theldatk,natgtial is composed primarily of
quartz and albite. | |

The phenocryst populatibn of the \core is conprised
ﬁostly, ofr quartz and 'aliered feldspar. The relative
abundances of these twvo phases. vary betweengtuff‘.units.
Feldspar phenocrysts are coimonly altereé to f;nefgrained
calcite, sericite, quarté(?a‘agd occédsionally are stained
brewn Sy iron oxide and 1oc§11y,  rutile,  Accessory
phenocrysts are apatiﬁe, chloritiiéd biotite, And -;iféon;
Although phénocrysts( are most abﬁpdant in  the_i1qhtv gray
' tuff units, compositionally the 'phenocryst population is
apparently constant throughout the core. | , j

A ninéralqglcal featgre\peculiﬁt,tp the light gray tuff
layers is the ptesence:éfi anhedral‘calcitg:df.apprbximately

the same size range as the phenocrysts. The occurrence of
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these grains aisseninated through the groundnassrrof these
layers and their porphyroblastic appearance inpiies a
possible origin during a post;depositional
recrystallization., B -
| The nmafic phases of the core are predoninantly
contained ”in the darker sections. Minor disseminated
euhedral pyrite finer than approximately 01 am is present
in the liqht gray nnits° the darker sections of the core,
houeuer.k contain considerable pyrite, both as euhedral
crystals up to .1 mm and ‘as anhedral, flattened 1enses
‘localized between apparent hedding laninations. Chlorite is
a nminor constituemt of the groundmass of 2all but the
1i ghtest sections of tne core. A few‘ vell-bedded seotions
of the core contain small nasses of egg-shaped grains,
approximately .005 &mm in size vhich “appear to ~ be
concentrated aiong ~ bedding, Later nicroprobe ~ work
identified these as‘ chlorite. Seni-opaque ~masses of
calcite, rntile, and leucoxene are disseninated through the
cote, presunably fron alteration of titanite. Dark brovn,
hydrated iron oxides ere the renaining nafic phases present
and are to a large deqree responsible for the dark color of
nnch of the core. _ o
nnch of the core ‘1s cut by irreguiar. .somewhat
discontinuous veinlets of quartz, albite, and quartz vith
albite, indicative of several epzsodes of veinlet fornation.

[

These veinlets are crosscut by 1later carbonate veinlets.
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some of vhich contain subordirate subhedral to euhedral

‘quartz or accessory pyrite.

Biperal Chepistry

Zglggpagg.” uicroorobe anelyses: vere ‘rdn on five
veinlet'feldqur grainsvand over 50 feldspar phenocrysts,
The recalculated mole percent aralyses ofi,ah-nb-or are
listed in Table A7 and are piotted. on a feldspar termary
diagram in ?igure i-i1.' The fi&é' veinlet feldspars
(analyses 1=5 in Table 17) show a nean eomposition of 96. 7
mol % albite, with values ranginq fron 9u 5% to 98. 9%. The
An content of these feldspar grains ranges froe .6% to 3. 1%.
vith a mean value of 1. 7%, B

The phenocryst analyses varied frorerearly albite to
nearly orthoclase conposition.ﬁ Figure a-11 gives an
indication of the conélete range‘of:phenocryst compositiors.
To test vhether the wide range of compositions ¥as a result
of grouping phenocrysts from separate, possible unrelated

tuff units into one analytical popnlation, the phenocrysts

vere reanalyzed by incluaing numerons grains from each of
several tuff nnits. The results shoved that the rahqe of
compositions of phenocrysts vithin a givehrituff dnit ves
nearly as extrese vas was that of the total phenocryst
pofﬁietiod as a vhole.' In fec+, several phenocrysts were

analyzed in several locations, and compositional variation
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TABLE A7

RECALCULATED ARB-AR-0OR CONPOSITIONS OF PFLDSPARS FROM WICROPPOBF ANALYSES

(n
GasJd> 1-15a
2.18
97.76
0.06

n
Gasda 1-154d
1. 41
27.29
71.30

(13)
Ga/de 1-151
1. 68
56. 16
42.20

(1%
Ga/J> 1-15p
5.89
f3.81
19.70

(25)
Ga/Jde 1-15v
2. 41
95.10

&)
Ga/d2 1-16f
2. 02
£8.25
29.73

(2)
Gaszd= 1-15b
3.1
95.77
1.12

(8)
Ga/de 1-15¢
2.26
81.79
15.95

(1)
Ga/ds 1-15%
2.23
85.84
11.93

(20
Gasd= 1-15q
1.00
91.75
7.25

(26)
Ga/Jd= 1-16e
0.66
79.62
19.71

(32)
Ga/Jde 1-16q
2.37

87.56
-10.07

3
Ga/Jds 1-20a
2.00
94,52
3.88

1k
Ga/Jde 1-1S¢
5.25
1.31
93.82

15)
Ga/de 1-151
0.71
98.061
) o.“a

@n
Ga/Jde 1-15r
6.55
87.87
5.58

@n
Ga/Je 1-16h
9.16
70.39
20,45

(33)
GasJe 1-18a
3.1a
28.32
€8,.58

153
Ga/Jd2 1-25a
0.60
96.32
3.06

. (1)
Ga/Je 1-15g
2.486
84.88
12.66

(16)
Ga/Jd=> 1-15m
0.38
98.82
0.80

(22
GasJde 1-15s
h.35
76.99
16.66

(28)
GasJe 1-16¢
3.30
76. 31
20.39

(33)
Ga/Je 1-18b
8.01
£3.35
32.63

)
Ga/de 1-25k
0.87
98.85
0.28

B L))
Ga/Jd= 1-1Sh
1.93
0.73
97.348

(1N
Ga/Je 1-15p
2.73
66.61
30.66

23
Ga/Je 1-15+
3. 16
61.82
35.02

29
,Ga/Jde 1-164
4,18
1.47
94,35

3%
Ca/Je 1-18c
0.69
86.65
52.66

(6)
Ga/Je 1-15¢
11.20
2.43
86 .39

)
Ga/de 1-15i
2.01
65,86
31.73

(18)
Ga/de 1-150
2.26
66,02
33.72

(24)
Ga/J2 1-15a
2.34
90,02
T7.64

(30)
Ga/le 1-1R2
0.4n
99, 32
0.2n8

(16)
Ga/de 1-184
1.67
32.87
65. 46

hg-v 9beg
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N
GasJ: 1-20h
1.40
29,98
9.62

(u3)
GaysJ2 1-20q
1.46 -

83.70

14.84

(49)
GaysJa 1-20i
0.54
- 6.57
92.89

(55)
Ga/Jd2 1-20m
1.68
47,78
50.58

%1
Ga/da 1-224
1.7
77.49
20.80

39
Ga/Jde 1-20c
1.37
97.74
0.89

(ua)
Ga/Jde 1-20q
0.63
90.14
9.23

(50)
Ga/Je 1-201
© . 0.88

7.68

91.88

(56) .
Ga/Je 1-20n
0.23
6.15
93.62

. (62)
Ga/Jde -1=-22e
1.88
52.01 .
46.52

TABLF A7 (CONTINNED).

39)
Ga/Jde 1-204
5.96
82.58
11.86

(15)
GasJe 1-20q
3.31
85.60
11.09

51)
Ga/Je 1-20:
0.31
5.19
9%.50

(57
GasJdes 1-200
n.a9
9.86
90.0%

(63)
Ga/Je 1-25c
1.28
97.08
1.65

(89)
GasJ2 1-20e
0.91
12.487
8h.61

(a6)
Ga/3e 1-20q
2.68
90. 48
6.92

(52)
Ga/J> 1-204
0.31 -
10.95
Ag. 74

(58}
Ga/Je 1-22a
0.10
85.82
14.08

(a1
Ga/Je 1-20fF
0.9
5,53
95.a7

(87)
Ga/Jde 1-20t
0.57
27.10
72.33%

L))
Ga/de 1-20k
0.80
96, 35
2.8%

(59)
Ga/Je 1-22%
3.0n
58,41
38.55

(82)
Ga/J= 1-20q
N.61 .
33.83
5,56

(sg)
Ra/Jde 1-20h
3.19
83.81
12.99

(59
Ga/le 1-201
0.92
26,99
52.09

(60)
Ga/Jde 1-22c¢
0.40
55.28
48,32

§§-V 23ed
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veinlet
feldspar

phenocrysts

Figure A--11, Ternary diagram of the An-ib-Or systen
sheving veinlet  feldspar and feldspar phenocryst
coppositions determined by microprobe analysis.
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even within the 4individual phenocrysts vas extreme (see
analyses 42-46, 47-48 in Table A7).

‘Although the majority of phenocrysts have predominatly
sodic compositions, the v#riation'is too extreme to predict
phenocryst compositions. No distinction can be made between
feldspars of contrasting conposition based on optical
procperties alone, due:dto the state of altefation of the
phenocrysts, It 4is concluded tﬂen that the compositional
variation is a reflection of the altégation of the original
phenocrysts. virtuﬁlly all (12 of 15) of the‘phenocrysts
vith Or content greater than ' 52% shov vt % ;ﬁélfséé of
oxides vhich are deficient in silica and enriched in
_aluninnm, apnd therefo:e appear to be better ;epresented as
pﬁengitic‘nicé analyses :‘instead of‘feldspar. anélyses. The
analyses ;o£ these same phenocrysts exhiﬁit enrichment 4n
corbined iron plus magnesium, supporting this ideg. The
three analyses which 4aid not shov silica enrichment and
aluminum deficiency (analyses, 9, 11, 29 in. Table A7) vere
iﬁgtead enriched 4in calcium and titanium 75y tvo to three
tipes tﬁe'gnount contained in the rest ofAfﬁe féldspars~'
analyzed. » 7 _ , ‘

The feldsﬁar—,phenoqrysts_ ~vere probably originally
alka;i felﬂspats of anbrthoclase to sanidine composition.
’sﬁhjected to post-depositional metamorphism, they vere

altered primarily to ablite, phengite, and guartz,
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Upon microprobe analysis, a given phehocrySt. shovs a
cogposition reflecting the bulk composition of the fine-
grained alteration products located under the bean. The
three K-rich phenocrysts which wete‘ enriched in calcium and
titanium may represent phenocrysts containing mbre calcite
and rutile than the other more sericite-rich phenocrysts.

Some of the chemical comporents taking part in the
alteration of the original phenocrysts may have been
éontributed from alfération of the sutrounding,grounduass.

Nonetheless, the original phenocrysts vere probably

corpositionally alkali feldspars.

Chlorite. Six microprobe enalyses of chlorite appear
in Table A8. Three vere analyses of chlorite nucleation
"eggs" (analyses 1-3), one was of a chloritized biotite

(aralysis 4), and tvo wvere of groundmass chlorite (analyses

 5-6). a1l chlorite analyses indicate intermediate Fe-Ng

‘varieties, and the "eggs" are the most iron rich,

Fhite Mica. HMicroprobe analyses vwere obtained for six
grcundmass micas (analyses 1-6 in Table A9). In addition,
tvc K-rich feldspar phenocryst analyses vere recalculated to
fit a wmica formula (analyses 7-8). All aralyses indicate
ricas of .phengitic composition vith slight aluminunm
deficiency in the octahedral sites caused by ‘enrichment of
ircn and magnesium (up to combined Fe + Mg = 0.8-0.9 per 24
oxygen structural fornula)., As expected for phengitic
picas, they are also enriched in silica in the tetrahedral

sites, causing aluminum deficiency in these sites. In




TABLE A8

" RICFOPROBE ANALYSES OF CHLORITES

) (2) 3 m 5 (6)

OXIDE/SANPLER Ga/de. 1=15a Ga/Je 1-15b Ga/lde 1-15¢ Ga/J= 1-154° Ga/d= 1-Ma  Gasde 1-20b
5102 . 26.48 29.20 - 26,98 28.86 29,30 29,08
A1203 . 21.00 22.82 22,17 - 21.08 20,85 . 21,63
F=0 : . 32.86 29,08 " 31.10 27.29 21.38 22.21
Tin2 0.0 - 0.0 0.0 1.87 : 0.0 0.0
Mo ; 0.92 0.82 0.86 0.85 - 0.R8 0.77
Cao . - 0.02 . 0.09 0.10 . 0.10 0.14 0.12
Ma 9.54- 9.32 B.A¢ 11,91 13. 14 14,89
Na 20 i 0.01 0.1, - 0.08 0,06 0,24 0.05
K20 ) : 0.0 1.05 0.80 0.55 . 0.11 0. 16
n2o0 11.35 < 11.85 11.38 11.90 ' 11.42 11.82

snn 102,18 . 108,29 101,89 108.07 27.06 100.73

—~FPermulas basrd on ‘18 oxygers

si 2.796 2,452 2.802 2.906 " 3.078  2.9a8

Al 1.208 . 1.048R. - 1.158 1.094 0.926 ) 1.052
EULE 8.000 8,000 4,000 8,000 4,000 . 4,000
Al 1.408 . 1.670 1.594 1.408 1.693 1.532
T 0.0 . 0,0 : 0.0 ’ 0.111 0.0 0.0
Fe © 2,901 2.485% 2.780 2,298 1,876 1.8R3
B . 0.082 0.070 . 0.077 0.073 -~ 0.078 0.066
Mg 1.501 . 1.00% .- 1,328 1.788 2.055 2.250
Ca . : 0.002 0,010 0.011 . 0.01% 0,016 0.013
Na 0.002 0.020 0.008 0.012 0.049 . 0.010
K 0.0 0.135 0.058 0.071 0.015 0,021
sun - 5,898 5.765 5.812 5.771 . 5.692 5.778
' 8.000 8,000 8.000 ) - R.000 f,000 8,000
0 18.000 1e.000 13,000 18.000 18.000 18.000
F/n 1.987 . .79 2.120 - 1,326 0.951 . 0.866

v/En 0.665 . 0.683 0.680 0.570 0.487" 0.868

65~V 8beg
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OXIDE/SARPLFS

aio2 .
Al2021
FeQ

. Ti07 -
HMno
CA0
8g0
Na 20
K20

" H20
sun

st
Y
sum
A
™
Fe
#n

rq
SUM

Ca
Na
K
sunM

/N
F/Fn.

TARLE A9

HICROPPGBR ANALYSES OF WHITE WICAS

(1)
Ga/de 1-22a

50,50
30,18
1,18,
2. A2
0. 04
0,05
1.7
0,03
7,55
4,56
98,82

. Ferrulas hasnd on 24 oxyqens

6,636
8.000

3,340
0.279
0.130
0.004
0.1335
4,087

0.007
0.008
1,265
1,280

4,000
24,000
0.400
0.286

(2)
Ga/de 1-22b

£1.89
J2.10
0.0
0.06
0,05
- 1.79
0.02
8,14
#.62
100,20

€.,723
1.277
f.000

2.624
0.0

0,166
0.007
0,346
4,142

0.007
0.005
1. 345
1. 357

4,000
24,000
0,499
0,313

M
Ga/de 1=22¢

54,53
30.51
2,28
0.0
0,09
0.07
2.58
0.03
4.73
102,22

'(Hi

C Ga/de 1224

4R, 45
- 30,52
1.40
0,0 -
0.07 L
0.04
1,68 -
0.03
7,95
4. 35
94,49

6.672
1.327
8,000

3.625
000 g’
0,161
0.008
0.345
4,140

0,006
0,008
1. 396
1.410

4,000
24,000

0.491

0.329
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‘ TARLE §9 (CONTIIUED)
s 6 m 9

OXIDE/SANPLE# Ga/Je 1-15a Ga/le 1-15h Ga/zde 1=-15¢ Ga/Jde 1-20a
5102 : 47,37 46,93 51,52 49,98
M 203 32.39 32.61 : 35.36 35.75%
Fa0 4,64 . 4,94 2.01% 1.61
Ti02 0.23 0. 31 . 0.0 0.0
HnO N 0013 - 0.17 0. '2 0.06
ta0 0.14 0.0 0.06 0.0
Hgo 1,79 1. 67 1.07 1.21
Na 20 0.4 0.12 0.59 0.38
X20 - 8.67 ) 10.20 7.66 8,12
H20 4,49 4,50 : 4.75% 4,68
Sux 99.99 101,45 103, 14 101.81

Foresulas hased on 28 6:yqens

s : 6.322 6.243 6.497 6.395
Al 1.678 1.757 1.503 : 1.605
sum ' 8.000 8.000 8.000 8.000
Al : 3.416 3.355 3.751 3.784
i 0.023 0.031 0.0 0.0

To 0.518 0,550 - 0.212 0.172
fin . 0.015. . 0,019 0,013 0.007
rg : 0,356 0.331 0.201 0.235
sua- %.328 5. 28¢ 4,177 4,198
ca ' 0.020 0.0 0.008 0.0

Ka 0.036 0,031 © . 0.164 0.09%
K 1.476. 1,731 ' 1,232 1.325
Sun - 1.532 = 1.762 1,384 1.419
H 4,000 4,000 4,000 4.000
o ' 24,000 24,000 24.000 24,000
F/n 1.496 1,718 1.118 0.762

f/Fp ) 0,599 0,632 0.528 0,433
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addition, the interlafer charge (K + accessory Na + Ca) is
redncéd to less than 1.8 per 24 oxygen structural formula,

as ccnpared to a value of 2,0 fbr ideal muscovite.

Interpretation of Origin and Deformation

Textural and nineralogical contrasts betwveen t@é"
extrese types of rock in the core--the 1light gray, massive
layers &and the dark, laminated sections--imply '£hat‘
depositibnal conditions fluétnated during the formation of
this sequence of volcaniclastic material. In the Iight gray
units, the poorly developed to massive internal bedding and
high pyroclastic phenocryst content, along with local shard-
like strdctures, support an'interprefation of these units as
ash-fall crystal tuffs. The contrasting dark, vell-
lapinated sections of the core exhibit fine sedimentary
be dding features and a reduced phenocryst"component,
seeingly representing revorked volcaniclastic or .epiclastic
debris probably derivedl from a subaerial source. 'IThe
preservation of fine textural features such as tuff

larinations and apparent bedding laminations, as vell as the

‘.extremely fine'grain size, imply - deposition in a deep basin

in which bottom currents vould have been too gentle to have.
disrupted the seguence.
This deeﬁ“basin ias’probablf located in close proximity -

to a volcanic pfovince; Eruptive ' vents would have provided
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volcaniclastic materialkuhiCh vould haée!inCIuded occasional

‘bursts of tuffaceous debris carried out over the basin as

ash-clouds and subsequently deposited as ash which wvould

settle out rapidly on the floor of the basin as fairly pure
ash units, presently represented by the light gray sections
of thé core.. During periods of relative gquiescence,
reﬁorkingl of a previously existing, possibly subaerial
terrain would prbvide an influx of fine clastic debris vhich
presently comprises the bﬁlk of the darker sections of the

core, The,Ynineralogicaluandfkgrain-size sinilarity of the
darker sections and light gray layers of the core imply
sieilarity of sourée,‘material:‘therefore,, it is probable
that the darker sections vere derived from revorking 6£

pyroclastic debris. The presence of pyroclastic phenocrysts

in the darker rock, although in_’lésSer quantity than in the

light gray tuff units, 1i§11es that sepicontinuous though
less 'voluhinoﬁsg or more distal eruptions of tuffaceous
debris occurred during puch of the period of deposition,

 The large ‘proportion.of bpaqﬁes pfesent in -the dark,

laginated, revorked volcaniclastic sections might be related

to the chemical erosion of volcanic debris; iron miqhi be

taken into solution, to later slowly precipitate out eas

| pyrite oi' hydrous oxides during the sedimentgxy sequence.

Alterﬁatively, the high opaque cOntent»may instead have been
caused by éxhalatibns of 4iron along vith ISulfu; from a

subterranean vent (or vents), . The relatively sloi build-up
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of the sedimentary sequence as opposed to ~the rapid
deposition of the ash-fall tuff units would allow more time
for the precipitation of pyrite and hydrated oxides, thereby
accounting for the great difference in mafic content of the
dark,' bedded ugterial as compared to the 1light gray
tuffaceous units. |

The first defornational episode to affect the core
sequence apparently was the result of slumping of the
paterial while in a semi-consolidated state. This
deforration may have occurred during the interval of
deposition or n#y have continued after the end of
deposition. The environment of deposition as visuvalized in
the above description would have beer conducive to slumping.
The sediments would have been watef-satutated,‘ahd the slope
of the basin floor could have been quite irregular. In a
volcanotectonic setting such as has been proposed for the
fotnation of the material in the core, considerable seismic
activity could be expected to cauée earthquakes, leading to

instability and slumping of the sedimentary sequence.

Betaporphise

. The mineral asSemblages present in the core bhave re-

equilibrated at conditions different from those prevailing
during deposition., It is not possible to determine vhether

retanorphise was imposed by conditions accompanying deep

¥
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burial or by the existence of a high geothetnal gradient
‘related to a locai thernal event. The original detrital
‘assemblage uas:'prébably composed of clay nminerals {bérhaps
mized layer 'illite-montmorillonite), quartz;xlahd“ alkali
" feldspar vith accessory minerals such as titanite, apatite,
aﬁd zitcod. With metamorphism, the current assemblage was
- obtained. : 'Clay minerals veré ‘transformed to phengitic mice
*“andi'chldfité. a poftion of vhich is present as "eggs"
apparently représentlng‘ the initial stages 'of‘~chlor1te
jg_rovth'. Titanite vas altefed' to‘ rutile, calcite, and
quartz, and alkali feldspar vas altered to albite, phengitic
'uica, and calcite. Calcium released during the alteration
of titanite and feldspar appears to have been scavéngéd to
" form calcite porphyroblasts concentrated in pnany of the ash-
- fall tuff units, wvhile albite and'quartz?vere recrystallized
* and mobilized during sevéral episodes of veinlet formation.
Y-ray -dlffractoqrhhs‘of nica-rich‘ material from  the
‘core ' were obtained “in an- attempt to deternine a
"crystallinity index" ‘as an: index of metamorphic conditions
(Kupler.,1968: Veaver, 1960). -Kubler's 1ndexing'method vas
not applicable in this case because it relies. upon ‘a -half-
vpeak -width of the 10 angstrom nica peak, a critefia‘
“‘dependeni upon- laboratory ‘and appatatus ‘conditions, No
‘attempt to standaréize such paraneters vas made for ‘this
study. weaver's method of ‘crystallinity indexing is to
+‘divide ‘the height of the ‘10 angstrom peak at 10.0 angstroms
bj the: height of the side of the peak at 10.5 angstroms.
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This ratio from four sepérate diffractoqramé resulted 4§in a
value of 2.82, nidway between Weaver's "incipient® and
wipcipient to veak" metamorphism categories.

A transformation from a 1M4d to a 1u'to a 2M structural
polymorph during the structural rearrangement thdt”occu:s in
changinq illite to muscovite is well documented (Reynolds,
1963; Velde and Hower, 1963, Hower and Mowatt, 1966; Maxvell
and Hower, 1967). & ratio of the intensities of the 2.80
angstroa and 2.57 angstrom mica peaks vas used to deternine
the degree of developaent of the 2M polyrorph (uixvell'and
Hower, 1967). According to'quidelines set by 'naxvell and
Hover, the values of this ratio from four diffraétodtans
indicated that the phengitic mricas of the .core vwere
apgroximately 75-77% converted to the 2M polynorph,

The crystallinity index measurements and polymorph
determination, along with the 10 angstrom basal reflection -
of the mica, indicates that it obtained a moderate to high
level of transformation from illite to a metamorphic mica.
Ko interlayered montmorillonite is present and the poljnorph
type 1is nearly a netanbrphiev 2M rather <than a low-grade
diagenetic 1Md polymorph.

" The mica polymorph data, its phengitic ccnposition.‘the '
presence of chlorite ®eggs" inplfinq forpation at an
incipient nucleation stage, the alteration of alkali
feldspar to albite, sericite, and calcite, the presence of

altite-quartz veinlets, and the coexistenceA of rutile,




Page A-67

caléite,:and gquartz all provide an indication of the facies
conditions under which the <core was petanorphosed.
Conditions were likely similar to those of Winkler's (1976)
mvery low. grade." This category corresponds to conditions
just - belov or at the lower boundary oflthe greenschist
facies.

Experimental data on the stability fields of several
regbtions.pertihent‘td the nineral aésesnblage of core #Je
1 provide rough constr#ints on the pressure and temperature
attained durinq_ metamorphism., Conditions exceeded those

necessary for a conversion from analcime + gquartz to albite

'_(Liou, 1971) but wvere belov those necessary for the

formation of biotite.  Other 1limiting reactions are the
cenversion of albite to jadeite + gquartz (Newvton and Fyfe,
1976), the conversion of nmuscovite + calcite + guartz té
andalusite + K feldspar + vapor (Hewitt, 1973), and the
conversion of rutile ¢ calcite ¢ gquartz to titanite‘ + CO2
(Hunt and Kerrick, - 1917). o

- The location in P -T space of these: reaction curves wili
vatrty depending -upon the partial pressures of H20 and CO2
preiailing-dnring ‘metamorphism. The . reaction transfbrming-
:ntile.§ calcite ¢ quarti—to titanite + C02 is particularly
dependent on pC02. The assemblage present in the #Je 1 core
indicates that ﬁoth C02 and H20 vere present 1n unknovn but
substantial amounts., In order to relate the above reactions

to the mineral asssemblage of the core, it would be
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néceésary to assume a specific partial pressuté for both H20
and C02, Figure A-12 is adapted from Thompson and Thompson
(1976) and schematically depicts._the,boundihq reactions and
the stability field of the core assesmblage assuning‘Ptotai'
equal to Pfluid for an intermediate C02-H20 fluid. N
Combining the facies 1n{e£§tetation vith the
experipental constraints, it reeains difficult to speculate
on specifié pressure and temperature co: “itionms. A
temperature range is perhaps- 525-330°C,.and,pressn:e likely

vas belov a maximur of 2-3 kb.. |
. Poreation of late-s‘t,a'c»;e carbonite ‘veinlets: occurred

after the metamorphism of the core. aicroproﬁe _analyses

indicate that the veinlets are filled by carbonates of both

calcitic and zoned,iron-magnesiun-nanganese-rich : ankerite

‘varieties, probably reflective of ﬁultiple - episodes of

veinlet-£filling. » ‘
Most of the carbonate veinlets present . in £he. core
cross-cut the earlier albite-quartz veinlets, though a minor

amcunt of carbonate veinlets may have been generated during

'the earlier metamorphism. Most are related to a later,

perhaps sepatate phase of hydrotherlal activity, however.v.g
few of the coarser calcite veinlets contain euhedral ‘quartz,
implying fthgt‘thgse veinlets filled fractureg,vhich ‘vere

prcbably. subjected to minimal and hydrostatic’ préssureg'

- some of these later, coarser calcite veinlets are localized

~alcng minor faults, apparently . representing the final




Page A-69

generation of granite melt

9\

ProraL = PrLuip

Temperature

FPigure A-12. Schematic presstre-temperature diagram
for metamorphic reactions in a system similar to that of
basemnent core #Je 1. - The shaded area represents the
stability field of the wmineral assemblage of the core.
Ptotal 1is equal to Pfluid, which 1is assumed to have. an
internediate H20-C02 coamposition. Figure adapted fron

Thompson and Thompson (1976) with the exception of tkhe

‘rutile ¢+ calcite ¢ guartz =-> titanite, vhich 1is estimated

frcm Hunt and Kerrick (1977), for an intermediate H20-CO2
fluid composition. ‘
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eépisode of'deférnation affecting the’cote sequence}‘thus, it
possible that sone hydrothernal activity acconpanied this

episode.
Geperal Tectopic and Regiopal Implications
The Jesup, Géotgia basement core #Je 1 is located in a

section of Georgia where several other wells héve penetrated

pre~Cretaceous basement “and have exhumed similar néterial.

’This raterial has variously been described as rhyolitic
lavas and pyroclastic rocks (Applin, 1951). rhyolitic tuffs,

_volcanic ash, and.gltered granite (Milton and Burst, 1965),

and welded tuff (Ross, 1958) . Further to the northwest,

.wells have penetrated basement rocks more similar to those

of the exposed Piedmont (Milton and.Hurst,' 1965).' The

rélationship betveen the volcanic basement province

refresented by core #Je 1 and the Piedmont-type basement

recks is not knovn and is beyond‘the scope of this report.
Taylor, Zietz, and Dennis (1968) have discuséed the

East Coast magnetic anomaly }vhich approximately parallels

the edge of the éontinental shelf from the lcﬁnadian

aaritimes- south to about 319N latitvde, where it bends

A‘abtnptly, trending perpendicular to the coast,.'énd crosses

the shoreline at Brunswvick, Georgia, approxinately at the
southern boundary of the basement volcanic province

diecussed above, South of this boundary, undeformed lover
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Paleozoic clastic :sediments have been encouatered in
basenent wells, and although it has been postulated that
these sediments overlie a continuation of the volcanic
province to the north (Applin, 1951), the nature of the

contact zone betveen the volcanics and the clastic sediments

is unclear.

The basement province represented by core #Je 1

,therefore represents 2 reqion of considerable tectonic

uncertainty. The very low-grade metaiolcanic rocks such as
those discussed in this report may simply be a2 southeast
continnation alonq strike of Slate Belt -rocks of the

Piednont vhich aip below the Coastal Plain in central UOrth

carolina.' nlternatively, they miqht be representative of a

separate region of very low metanorphic qrade pre- or lower

: Paleozoic volcanic rocks which are onlapped to the south by

1ower Paleozoic sediments. A third poss1bility might relate

| these volcanic rocks to the East Coast nagnetic anomaly,

vhich nay bear some relation to the Triassic-aurassic
breakup of NOrth America and Lfrica. A conclusion reqarding
the full tectonic inplication of the southeast GeorQia

basement volcanic province is not possible at this vtime:

’further research may shed light on the sub1ect.
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Sork in Progress

At this}tine, research is con@@guing on  baseﬁent core
tJe 1, séveral samples of variable lithologiés from; ghe“
core have been given to Dr. Deiey Hcpeap ’of VPL & SU fo:
palyhological study. In additidn, samples haﬁe been seﬁt to
Dr. -John Sutter of Ohio State University for *%Ar/3%Ar
vhele-rock age determinations. Completion of fesearch_ on
éore #Je 1 also awvaits the results‘of vhoie-rock and‘tficé
element cﬁemistry ~ analyses being peffo:nedv qﬂ‘ éix ,
characteristic samples by the USGS in Reston, virginia; The
results of these final analyses will supplement the research
presently completed and discussed in this report, and the
palynology and 49Ar/39Ar analyses may provide some age-
dating criteria which éould aid in a tectonic and genetic
interpretation of both the core material and the surrounding

basement province.

conclusions

In-depgh research of basement core mnmaterial such as

~core #Je 1 provides a considerable amount of data useful in

the interpretation of the basement geology and tectonics of
the sub-Coastal Plain surface. Information such as that
contained in this report will be valuable during later

preparation of a map of this basement surface. In addition
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to the data provided specifically ‘concégninq the #Jé 1
basement nmaterial, the information ' qleaned will be
additionally valuable in helping to 1nterpret other basement
data from nearly vells discussed in the literature or

available at the state Geoloqical Survey. The qoal of the |
baselent tesearch ongoing presently at VPI &€ SU  then is to.‘
forlulate as complete an understanding as possible of the
pte-Cretaceous basement belov the Coastu1. Plain( and -
ultinately, ‘to use this data in the iuterpretation of likely

heat sources for future geothermal target areas.
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’ SILOAM GRANITE

B. ‘o Yerz

Fourteen (1uj sanples from the Siloanm, . Geotgia pluioﬂi
have bteen analyzed for najdr element chehistry. Accotding
to the fettoloqy section of report VPIESU -5648<1, seven (7j—'
of these sahplesk vere froe the porphyritic phase, foﬁr (ﬁjh-
from the mafic, *possileconfaminated". phase, two {2) from
the \eedinm-}qrained phase,  and one (1) from the qarnet'
bearing phase, However, two of the "possibly cdnténin;ted“
samples vere not chenically ‘contaminated aﬁd"‘vére"
indistinguishabie chemically from the porphyritic sdnples.
In the average compositions presented irn Table B-1 these two
(2) samples are included with the porphyritic phase.‘ Thé
porphyritic and mediurm grained phases are very sfnilat in
composition, This wvas ‘to be expected since they aré
“mineralogically identical®" (petrology section cited abovei.
The single gamma-ray U and Th analysis avail#ble for the
sediun grained phase is not sufficient evidence to sﬁqgest a
pontrast in U contents betvween the two phases} Areali
chemical  variations, such as they 1nc}ease | ie
K20/ K2C+Na20+Ca0) from the margin to the core of the
pluton as observed by Radcliffe and Humphrey (1971), vere
not found in this study, but ve hafe anaiyzed lessvthah half

‘as many sanpleé as they did.




Page 8-3}
-In common with the PRolesville samples, (geochemistry
section report VP185045103-5) the Siloarm porphyritic and
rediua graiped samples, which all bhave >17% normative 0z,
plot'pn the boundaries of the syenogranite and monzogranite
fieldé - of  Strekeisen's (1976) Or-Ab-An  normative
‘clésSification,diagran. The one garnet bearing sample plots
on the alkaii—feldspar grahite, syénoqranite boundary and
this réflects the more felsic mature of this phase as
described ih the'petr9;ogy report., The two mafic, possibly
contaminated sampies, have <17% normative 0z and are defined
- as calcalkaline)syenites.v
?iane B-1 sho¥s the Siloam normative Qz-Ab-Or data
plotﬁed on the‘vatér saturated phase diagrarm. Plotfing only
the 'pofphytitic'and' rediue grained samples results in a
field occupying the right half of that shown. It can be
seen thﬁt the Siloam field exténa$ tqvards, lover pressures
than do <the Liberty Hill qr'winnSboro fields. Thé latter
'plutons_aré believed tq'have pressures ofremplacement of 4-5
‘Kb'(qeochehist:f section report VPIESU-5103-5). The Siloam
sanplés. othef than the tvo mafic and one garnet bearing
onés, have 'Ab/an ratios of 2-4, The‘ effect of an An
component on‘the‘Qz-Ab-oi 2 Kb saturated system,is shown in
Figure §+2. and it 6an bervéeeh‘that, for ihe_~approp:1ate
Ab/An raiios, the Siloam field 1lies at p:essures a little
higher than 2 Kb, A pressure between 2 and 4 Kb |is

suggested and this is in good agreenent vith the results of
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Winnsboro

P“‘o s PT

Rolesville Siloam

—— Surface
-—w= Core
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Pigure 'B-1.  Normative Qz-ib-Or' - diagrdms for ‘the
saturated systen. T o e
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Whitney and Storser (1977) who suggest, on the basis of two
(2) feldspar compositions, a depth of emplacenent of 7-10
km, |

REFERENCES

Radcliffe, h.. and Humphrey, R., 1971, Chenmistry of ¢the
‘Silcam Granite, Gréene county, Geofgiazr Geol. séc.
;l‘nmér1Ca Abstr. Prog., S.E. Section 3, p. 342,
- Streckeisen, A., 1976, Classification of the common iéneous
"recks by nmeans of their chenmical conpcsition.- A
p:oviéional atteapt; N. Jb. HMinper. Hh. ﬂ.l,'p. 1-15.
lhitney, Jehe, and Stormer, J.C., 1977, Tvo-feldspar
geotherrometry, geobarometry in nesozopa; ‘granitic
iptrusions: Three examples froe the Piedmont of

Aséorgia: Contrib,., Minerol. Petrol. 63, p. 51-64.




Page B~7

TABLE B-1, FSUHHARY OF EXPERIMENTAL COBDITIONS
CHEMICAL COMPOSITIONS OF SILOAM SAMPLES

Phase Porphyritic Medium Grain  GA Bearing mafic

Ho. Samples .9 , = 2 , . 2
No. U & Th 5 o 0o 2
s102 7145 - T0.42 75.60 68.06
21203 15.26 15,74 15,41 15.35
cao. 1.88 . 1,63 1,85 3,18
(st. aGVQ, (0.“) ‘000" (0.2“)
o 0,9  0.862  0.88° 2.58
(st. de'-" 0. &) ' S (0.12) . . ‘ {(0.27)
K20 5,17 L 5.T2 S 5429 | 4,67
(st. dev.) (0.6), (0.23) (0.35)
Pe0 2,20 2426 2.1 .62

- (ste dev.) o (0.5) . 0 (0.23) - ‘ (0.29)

' Na20 3,35 3,19 3,28 3,14
(st. dev.) 4 (0.2) { . (0.11). 7 . ‘ o (0.01)
mo . 0,05  0.04 : 0,08 0.08
(st. dev.) . (0.01) (0.00) A ‘ (0.01)
o2 041 L 0,480 - 0.39 " 1.08
(st. dev.) (0.09) (0.03) | | (0.11)
P205 0.19 | 0.16, 0,20 0.56
(st. dev.) (0.05) . (0.01) . {0.12)
0 pprn 7.0 4.9 | 6.6
(8te dev,) (2.8) , o (0. 8)
Th ppr 33,0 33.3 . 25.3
(st. dev.) (5.5) (6. 3)
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LEACHING EXPERIHEHTS
B. l. Herz
AAE.&:!E&
Ihe results of early radioelement leuching experinents

»in vhich ctushed rock sanples uere leached vith strong

£

aiperal acids are difficult to interpret for tvo reasons.
Pirstly, the locations vithin the. rock fron ivhich the
tadioeleuents were leached are not vell known and, secondly.

1.,
since the action of a sttong acid over a short period

'probably is not equivalent to to the action of groundvater

dnring ueatherinq, _the‘ tesults cannot be : :elated to

ptocesses occurrinq in nature.

¢ '

In this series of experinents, portions 'of a ‘sanple

b

fron the. Rion. South carolina, pluton vere leached with,,v4u'

dilute acid and alkali solutions as  well as with natural
qroundvatet. Ko appteciable loss of either U or Th vasv
observed and this is believed to be due to prior loss of the'
readily removable tadioelenent fraction.w

¥

Ihe hypothesis that the nost easily renoved fraction of

ithe radioelenent content is that hela on qtain boundries is

being tested.
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I. B:e.i.t_!_ Hork | o

During the 1950'sy§nand$ early 1960's there vas
considerable interest in the use of leaching experiments as
a way of deterninlng the location of U and Th vithin rocks.

(R b &.e\«z‘

| A fev exanples of such experiments are presented here. The

+

:nethods used varied videly as did the results.

o Iilton et al. (1955) leached ?a Precanbrian granite,
with 2.1 ppm B and 41, 9 ppn Th, for five minutes in cold 6N
xﬂcl and found that 3&1 of the U and uzx of the Th vere lost.
A series of salples, ranging in composition from tonalite to
ranite. vere leached by Broun anﬂ silver (1955). iN ﬁn0(3)
;vas nsed to leach the samples for fifty minutes at room
tenperature. gp to nox of both the 1] and Th vere removed.
ALarsen and Gottfried (1961) 1eached ouartz nonzonites and a
granodiotite fron the SOnthern Ca1i£0tnia batholith for
thenty—four honrs in approximately 2. SN HCl on a steam bath
'and found that 12! to 83% of the U from the quartz nonzonite
vas lost vhile the granodiorite lost 52!. Th vas not
deternined 1n their stndy.)’ | v ‘v o -
A fresh salple of . granodiorite_ from Boulder ‘Ereek,
-COloraﬁo, vas leachea by Pliler and Adaas (1965) as}oart of
thedir study of a weatherinq profile on +that body. They
found that 67% of the L] and 90% of the Th vere removed by

1eaching for tventy hours at 80-100°C in 2N HCl.
?rench geoloqlsts routinely report U contents .in the

form cf "U total" and "U fixe" vhere the fixed U is the
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content after leaching a sample tvice with 1N HC1l on special

filter paper. For example, Barbier and Ranchin (1969) found

that 65% of the U content of a veathered Sanple and zero to
about 50% of the U from fresh samples of the St. Syvestre
granite (France) could be 1eacﬁed in this vay., In a more
recent experiment, Harshman (1972) used a solution, made up
to resemble groundwater, to leach crushed granitic samples
from the mountains 'adjacent to the Shirley Basin, Wyonming,
FPifty millilitres of the solution vere'dripped through each
Sg sasple in & 10-hour period. 1I¢ appears that the solution
itself vas analyzed, after use as the leaching agent, to
deternine the quantity of U leached, but the method used is
not specified. Losses of 0.2 to 0.9% of the original U
contents, which were 1 to 7 ppm, are reported but with the U
concentrations in the solution Dbeing extremely | low,
experimental error, vhich 1is not discussed, ,couid be
considerable, |

Problems arise vhen the interpretation of such data i#
attempted, The material vhich has been leachéd could be
either intergranular, i.e. grain boundary material, acia
soluble niperal grains such as allanite or apatite or

vineral grains vhose solubility has been increased by

_natam;ctization. Brown and Silver (1955) used alpha track

studies as an ald in the interpretation of their leaching
study and concluded that most of the radiocactive element

content was to be found in accessory minerals vith less than
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105 to rarely more than 25% being located on graim
boundaries, On the other hand, Tilton et al. (1955) cited
ﬂautoradiographic evidence that showed that a large fraction
of thev radioactive element content ’was to be found in
npineral interstices ‘and intracrystalline Eractures"' and
nséd this to conclude that the leached U and Th came from
"such locations. | | | |
‘Bnother problem in the interpretation of leaching data
is in relating the exerimental results to precesses which
nith be expeeted‘fo occur in nature, The concepi of total
end fixed U as used by French geologists carries with it the
" implication that "non-fixed" U can easily be leached from a
rock in nature, However, if U and Th behavior under near
surface veather1n§ conditions is to be investigated, the
results of the leaching experiments described above might
not have direct dpplications; pliler and Adems, in their
stqdy,ef4the Beulder Creek granodiorite, foﬁhd a drop of 25%
in Th end 60% in U going from fresh granodiorite +to that
vhich haaluhderqene Vthe girst staqes'of veathering. At ho
point 4in the entire veathering profile vas the Th ‘content
‘less than 65% of the original and, in fact, the uppermost,
most weathered rock materialvhéd eorcentrated U and relative
to the fresh material. In contrast, leachinq, as described
.above, removed more of the Th (90% of the total) than of the
' '(67ll. The authors point out that the behavior of U wvas

essentially the same under weathering and laboratory
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léaching'EOnditions wvhile that of Th was iery différedt{
'hiny authors (e.g. Adams et al., 1959, whitfield ethgl.,
'1959) have staied that U is more soluble than‘Th Siﬁée Uis
readily oxidized from U+ to US+, which is commonly fouﬂd as
the sclubfe U022+ ion. Th has no hexavalent state. In the
leaching experiments deéCribed abbve, 'thé proportion of the
Th content’renoved vas equal‘to or greater than that of .
This shows clearly the contrast that right exist bétveén the
effects of laboratory leaching experiments and:kthoée

occurring in ﬁatnre.
II. leaching of 2 Rion Granite Semple.

Introductjon

A series of leaching experiments was undertaken with
tvo aims: firstly, to investigate the behavior of U and Th
under conditions more closely resenblinqv ueathetiﬁg
conditiors than did earlier leaching experimehts ‘and
secondly to provide date which, in conmnection with-fissidn
track and other investigations, could help‘déterﬁiné 'the
distribution of U and Th vithin a rock.

7">fn’most‘léachinq‘éxperinents, strong mineral acids are
used as thg leaching agents. Suchk acids, | evéﬁ in
concentrations as low as 1N, have pH values less than 1.
Groundwater commonly has a pH in the range 5 to 8, where the

groundvater found in granitic areas bas a slightly aéidiﬁﬁ
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and that in  more mafic terrains a slightly alkaline pH (Le
Grand, 1958). Only rare exceptionsvsucb~as‘hot:sgrlngs,haze
pH valnes significantly outside _thts}ronqe.,_;Leeching,for
short periods with strong acids might not be'equivalent in
effect to the 1eaching action of gronndvater over a. long
period.” For this reason it vas decided to perform a series .
of experiuents nsinq relatively dilute ,mineral_acid4 and
alkali solutions as well as natural ~groundvater, as 'the

leaching ageunts.,

Sanple Description
The sample used- was a medium grained qranlte frcm the

quarry in the main Rion part of the Hinnsboro-aion conplex
(see map Figure A-S5, Progress Reyort VPIESU~5103-2). The
quarry location vas preferred because of the ease with which
ailarge, fresh seople~conld“be ,optelned and because, at the
_time,é samples from _the area  had amongst ;the_ highest
radioelement conentrations deternined. Aivsample,vln_’one‘
piece,‘ velqhing about 26 Kg together vith more than 20
litres of qroundwater from a ‘nearby vell, vere collected by
S.7. Becker. B o D |

) The Rion pluton has been . described k(seem,petroloéy
secticn, Progress Report VPIESU-5103-2) 25 a nedium grained
plotlte monzograpite, , Tvo modes, from  savples :56-10 and
56=13 from the Rion guarry, vwere published\;ln;the (ebove
teport and vere: S6-10 quertzsza.gﬁ,,plagioclaserzsrsx,_k-
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feldspar 46%,  others 1.9%, S6-13 guartz 28.9%, plagioclasg
29.4%, K-feldspar 39;!, others 2.7%. Secondary phior{;e,
vhite eica and epidote vere preseht and the accésSpry
minerals were opaques, zircon and apatite vith( allanite'
bging found in S6-10. The leaching sample is bélieved to‘be
similar to these samples.
Experimental Procedure S

A hanéspecinen of about 1 Kg wvas retained and all the
other material was crushed using a Jjaw crusher and .
rollereill until a sand, vith qgrains ranging from fine dust
up to 5 me in diameter, was obtained. It was not crushed
further in order to avoid the povdering up of the najqrity
of nmineral grains, The sample wvas theﬁ divided into 31
porticns of 700 g each, numbered M1 to M31, | ‘

Three different leachinq solutions  vere used. The
groundvater collected with the sample was found to have a pﬂv
of 6, this slight acidity agreeing vith the findings of Le
Grande (1958) concerning the pE of groundvater in acid rock
terrains. A 0. 1N solution of hydrochloric acid vas made up
fron analytical grade ECL and deionised vater and this}ﬂ§d~a"
pH of 1.2. A 0,18 sodium hydroxide solution érepared fromi
aﬁalytical grade NaOF pellets and deiorized water had a pH
of 12.8. Theoretically 0. 1K HCl should be pH 1.07 and 6.1x.
NaOH pH 13,07 (Gordon and Ford, 1972). | N

samples were leached by niiing the 700 g sample with
700 mnl of the leaching solutiqn and allowing the mixture to
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stand for the specified time. The solutiqn vas then
filtefed'off'ana the sample was rinsed tvice_vith'déionized
vater vhich vas also filtered_off.}A‘Thé'saup1e .was ariea
nndeffﬁégf laips. In the cases vhere leéching took place at
teiée:atures above 4r¢om temperature, the beaker contiining
’sanpie and solution, covered by a watchglass, was heated in
a vnterbatﬁ. Table B—i qiveé ‘a summary of the conditions
under which leaching took ' place.
o a sults

prior to leaching, each 700 g sample vas analyzed for U
and Th by ganﬁa-ray'spectrometry. The twelve leached and
one unleached saeple, vhich appear in Table B-1, all had
vqéiii-ray U values in the‘range 7.3 to 7.8 ppr and Th 29.3
to 31.2 ppu. 'The'feprqdﬁcibility of the data was good,
010.2 ppr and The1 ppm suggesting that the starting material
fdrfihe different leaching experiments'ﬁas:hbuoéeneoué.

It was decided not to use the qahﬁa-rﬁy method to
analyze for U and Th after leaching because it vas suspected
Mth#itdlsééuilibtiui betveen radon, whose decay produces thé
méisﬁted'gduni-r&js; and the parent U and Th would lead to
erroneous results. The dried samples were, therefore, coned
and éuarteréd dovn to about 100 g,tvhich'ias povdéred‘in a
t@ngstén carbide shatterboxr. The fine powder vas further
coned and qﬁa:tered to 10 g. These small'sanples‘ﬁefé then
analyzed by the delayed neutronA:activation'metﬁéa 'bY‘H.T.
nilli:d, Jr. at the U.S. Géoloqical Survéy in Denver. The

\
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TABLE B-1," SUMMARY OF EXPERIMENTAL CONDITIONS, -

P3P 4342 3 2 F ¥ 3 3L F T3 T ST T T T e E S S S S S S eSS

_ leaching ‘ ,
Sample "Solution | Time  Temperature U(ppm} Th{(ppa)
S S E S E NS = ESET TS ETCssCEsssscoss

He Groundwater 2400k room 8.03 '38.8
H2 Goundv#tet~ 1 ht | room 7.63 36,3
u3 0. 1N_HCL 1br roen 6.44 31,8
M6 0.1N HCl 2600kt room 6496 36,2
ne 0. 1§ NaOH 2400hr rocm 7.18 37.1
"H11 0.1ﬂ'ﬁaou 1 khr ‘room 7.23 35.5
W16 Groundvater ! br 60°cC 8.16 35,3
M20 . 0.1§ HCl 1 hr 60°C 6.32  35.4
M26 -, 1 NaOH 48 hr roon 6.85 3.8
‘B25  0.1K NaoH 1 hr 600C 6,92 36,5
n27 Groundwvater 720hr 70°c¢ 7.35 37.4
K21  Unleached o 6.59

33.4

B N S S T C e E S E ST eSS S ST E eSS S e EE T E S S ES S E S

- The U and Th values are those after leachipng.
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results are given in Table B-1., It can bhe seen that, in
comparison with the data froe the unleached sanmnple, none of
the leached samples show any appreciable loss of either U or
Th. The scattér in the data and tﬁe fact that nany of the
leached sanpleé have higher U and Th values than the

unleached one, are probably due largely to splitting error.

In splitting the sample from 700 g to 10 g it is likely that

’siightly‘non-representative sanple vas cbhtained.

‘Discussion
~ There are several possible reasons why U and Th vere
noi leacﬁed in this experiment. Firstly, leaching with
diinte solutions simply 4id ndt’renove the U and Th whatever

its location. Alternatively, the U and Th in this

particular sﬁuple could be in stable locations. This would
be the case if the readily removed U &nd Th had already been
lost by 1nteraction'§1th groundwater during veathetinq.
There is :sone evidence to suggest that the second
eiplanation is true. Lead 1isotopic investigatiqns show
disequilibriun betveer radiogenic Pb isotopes and their
paréﬁt U and Th, vhen an age for the gfanite‘:(abo ney.) is
assnned’(see report by Sinha and Merz). Further experiments
should be 'qifried'out on & sample vhich shovs equilibrium
betveen Pb and parent U and Th.

It is possible that the most readily leached part of

the radioelement content of a sample is that part held on

grain boundaries. Currently ve are using the fission track
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,néthod to test the hypothesis the samples displaying‘
disequilibrium U, Th, Pb isotopes have lost grain bourdary
radioéleﬁehts> vhereas sanples in equilib;inm have
appreciable‘grain boundary U and Th, Leaching experiments

will be used to provide additional evidence.
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U-Th-Pb DISEQUILIBRIUM STUDIES |

AR.K. Sinha and B.K. Merz

Becent investiqatione in the Granite 'Houmtains of
Wyoeing have docunented the labile nature ef uranium in
surface veathering regimes (stnckles and Nkomo, 1978). The
importance of such loss/gain"of uranium ‘cannot  be
underestipated because extensive loss  to signifieamt'depths
may hame a direct bearing on the measured values of heat
production., rherefere; evaluation of the mobility of
" uranium/thorium in arill cores is necessary in nnderstanding
the magmitnde of loss of uranium as correlated with depth.

In this eection ve present preliminary data on some
selected sampies from three plutoms (Liberty Hill-core,
winnsboro surface and core and Rolesville-surface). The U
" and Th concentrmtions, wvere determined by gammay ray
‘spect:ometry; vhile lead concentrations were determined by
ganma-rey flmoreseence."“ Therefore, the  analytical
mmcertaimty is rather larQe ~ (approx. 10%) amd we“ are
curremtly in the process of determining. the cemcentrations
Vhy ‘isotope dilmtion using the 35 cr radius mass
specttometer. N |

Piqure B~ 1 shovs graphically the plot of U238/phzoe
versus Ph206/pb20e¢ and Th232/Ph20¢ vyersus Pb20e/pb20¢, The

interpretation of the diagram is simnilar to that used for

Rb-Sr isochron diagrams, although initial ratios in U-Th-Pb
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' systenatics cannot be nniquely determined because of
variations in models aé related to evolution of common lead
(Sinka :and Tilton, 1973; Stacey_ and Kramers, 1975).
Usually, the lead isotopic  composition of potassiun
teidspa:s gives a close approximation of the common lead
fatlos' duting‘aagla formation because the U238/ph204 apd
Th232,pb20+ ratios are invariably less than 0, 1.

As; shovn in Figure B-1, the U—Pb- isochrons éan 5e
integrated both as open.and closed‘systens for thé Kershaw
drill core data., The choiée is based bn vhether one uses
the peasured lead isotopic composition ' of the potassium
'féldspar fron the rtock, or the theoretical value of common
lead (300 m.y. old) fronm stacéy and Kramer (1975). Because
- the Winnsboro data vould not fit the Stacey and Kramer ratio
and the isochron indicates an'age‘of nearly 208 ReYe, V€
préfer to interpet the Ketshav core data s;milarly. 'It
means that both plutons suffered redistribution of uranium
nearly 220 m.y. ago and have acted as a closed system since
that time. “The Kershav core fronm 72! irdicates uraniuns
enrichment and is probably related to teprecipitation’tnfthe
saiple‘by~qr0und‘ vaters. The two éﬁrfacé :samplés from the
vinnstoro plutor shov significant 1055' of urahiun at recent
times, suggesting that evén.non-lﬁhilé uranium can be lost
by surface veathering. |

In the . Th-Pb ‘isochron diagram, ‘the ' approximate

colinearify of  the data shqgesté that Th has acted as a
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closed system since the crystallization of the magma. This
‘observation is in agreement vith that of Stuckless and Nkomo
(1978). In an earlier report (VPIGSU-S103-3) ‘we had
llentioned possible loss of thoriun. we believe that the lead
ccncentrations as determined then were in error.lr’ls such,
consideraticn of the closed systen behevior of thoriun with
respect to uraninn is justified. o |

| A point of interest to note is that the 'apparent
'isochrons‘ of 220 n.y.< for the U-Pb systens suggest no
significant loss since the disturbance in the Trnissic. Ve
interpret this to nean that these two plutons uere exposed
to neteoric vaters to facilitnte renovnl of uraniun ‘at that
time and as all the labile uranium was removed, subsequent
ground vater interaction has had bpo observed effects. This
tining of ureniun loss can be correlated with the uranium.
deposits in the Triassic basins of New Jersey and perhaps in
others, With additional high precision data, . it is
conceivable that wve can demonstrate for individual plutons
the timing of urnniun loss and develop a predictive
capability of where it wmight be concentrated along the
eastern U.S, Additionally, the kind of data presented here
will permit a2 much better correlation of the distributien of
vraniuve as determined by fission track mapping, i.e. if ‘the
labile uranium (presumably from grain boundaries) vasvlost
during the Triassic, then there should be no primary uraniun

left along grain boundaries.
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THE GRANITIC ROCKS OF THE MARYLAND PIEDMONT

John R. Sans

Introduction

Dnrin§ the contract period from January 1, 1978 to
Harchh 31,” 1978,  the qeocheﬁ;stry section initigted its
comprehensive study of the qtanific_ rocks of theVBAtylnnd
Piednmont, The purpose of the study is to determine the
chenical and isotopic parameters uhich characterize a
vraniuva-rich granite, At present it is thought that uranium
éhould be concentrated in  the most highly differentiated,
unmetanmorphosed granitic bodies. Hence we have Vbegun the
study vith those granites vwhich appear 1least deforemed or
netascrphosed.

The Geologic Map of Maryland (Cleaves and others, 1968)
shows nine rock units under the "Granitic Series"™ as
fomulated by Hopson (1964). Two of the units located in
Harford County have no formal name. In any case, they are
strongly-foliated, metanmorphosed units and will not be
considered further in the present report. On the nmap, seven
of the units are identified by the folloving names:
Woodstock Quartz uoﬁzonite, Guilford Quartz aonzonité.
Ellicott City Granodiorite, Norbeck Quartz Diorite, Port
Deposit Gneiss, Kensington OQuartz Diorite, and Gunpowder
Granite. Three of the units, namely Norbeck, Port-Deposit,

and Kensington are strongly-foliated, synmetamorphic bodies.

U
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They have not been ‘exanined in the initial phase of the
study. The fenéining four named units ere: "ibodstock,
Guilford, Ellicott City, and Gunpowder. These four are the
best candidates for the initial phase of the study because
- they are weakly foliated, postsetanmorphic granitic units.
Figure B-1 is a sketch nmap of Baltimore County, Maryland,
and vicinity. This map shows the location and apptoximate
areal extent of the four granitic bodies considered in this
report. | o
'Petrologi has long been burdened vith confusiﬂg and
cButradictOry rock names, Consequently, ‘we feel that the
classification and nonehélaturé recomnended by the
subcosmission on the Syétenatics of Igneous Rocks‘of the
Intefnational vnion of’GedloQiéal Sclences (IUGS) shouldvbé
'supported with vigor. Streckeisen (1973) sdmﬁarized the
10GS -’récoﬁnendatious. Aécordiné to  that sjsten of
nbaenclatﬁre,°the four granific'bodiés under consideratidn
would be renﬁmed' A706dstock Granité, Guilford Granite,

Ellicett city Gtanodiotite, and Gunpovder Granite.

nsldxe_uiewgfmmmﬁmmg

The Woodstock Granite is a small oval-shaped pluton
located in westernmost Baltinore cOunty, Maryland. . See
Pignre B-1 for the exact location, _The pluton‘is about 2.6

kiibnetefs long ‘aud 1.9 kilometers vide, Pigure B-2' is a
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Pigure B-2. Geological sketch map shoving the shape of
the Woodstock Granite. The area inside the heavy black line
is granite. Outside the line is the part of the Baltimore
Gnelss known as the Woodstock Dome. The ‘numbered dots
indicate locations of samples for chenmical analysis. For

example, 45 indicates sample MJIBO4S.
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‘ geological sketch map of the Woodstock Granite showing the

actual shape of the pluton. As far as can be detgrnined
fron 'surfaqe exposures, all of the area enclosed by the
heavy line is foodstock Granite and all of fhe'area outside

the line consists of the part of the Baltimore Gneiss knovn

~ as the Woodstock Dome, The numbered dots on éhg'sketch pap

1ndicate'the location of samples for cherical, petrologic
and radioelenent analyses. The location of the contact

betveen granite ahd gneissvcan be established fairly vwell on
the basis of saprolite and float, but the actual natqrerof

the contact is obscure, because it is not exposed anyvhere.

Since it cannot be directly ,demonstrated that the
Woodstock Granite intrudes the Woodstock Gneiss Dome, one

must rely on several indirect 1lines of evidence. Keyes

"~ (1895) reported xenoliths of gneiss wvithin the Woodstock

Granite. He only devoted a fewv lines to the subject: nThey
(the xenoliths) are chiefly of gneiss, and occhr in huge
irreqular blocks 6 to 8 or even 10 feet (1.8 to 2.4 6: efen
3.0 meters) in size. Some of the included wmasses are
bteautifully puckered and vrinkled, Being =uch richet in
ferromagnesian silicates than the granite itself, tbeir ‘
irteqular_ ’outlines contrast sharply vith the light
background, These inclusions furnish further evidence of

the eruptive nature of the granite. The contact phenomena

are essentially the same as in the Sykesville exanéles of

QneiSSIC inclnsibns. described fuliy further on; and the

netamncrphosed zone is, as ir those cases, quite narrow.®

2
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'Keyesv (1895) also provides tvo illustraions of tbe
xenoliths, Ome is a 1line draving of a xenolith_uith . no
localitj‘given. Thgksécond illustrat;on is ; phoﬁoqraph of
,a;.xeoolith‘repo:tedlyr from the Waltersville quarry. The
qn@:ty}vas visited but no xenoliths could be found;_ The
gquarry has been abandoned for mary vyears, = hence, it is
flooded and overgrown by vegetation. . The xenoliths must be
obscnted. Even though eight man-days vwere qevotod to
intensive4 e:anination'of the entire areal extent of the
WOodstock Granite. no xenoliths vere found. A ‘

_since ve are unable to describe any of the gneissic
xenoliths»vourselves,_Keyes' ~description (p. 278) of the
contact effects is the only evidence available. "Biotitic
and hcrnblendlc gneiss fragnents aré distributed through the
q:aoite. The narqins are usually changed considerably for a
distance of JVem. The interior of the gneiss pieces 1is
practically unnetamorphosed.,. It is much lighter in\co;or
than the contact border, - The constituents have'undefgone
nuch crushing, and iho feldspars,are ‘scare1y recognizable.
The biotite is nearly"all'bleached,' and chlorite is very
abnndant.‘ Considerable secondary epidote and muscovite and
a fei large deconposed‘«Cubes'of. pyrite are' also present.
The sargins of the gpeiss blocks are dark-colored and much
finer infgrain“,juoatraces:of ptesSnre~5a:e observabie, and
hpparently complete .recrystqllization- “has taken place.

Biotite is very abundant 4n'small flakes oriented in the
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‘direction of foliation. A little plagioclase and orthoclase

and srall quaniiites of pyrite occur." 7

Little vork has been done 6n ¢t+he geology of the
Woodstock Granite since’ Keyes (1895). Mathews (1925)
published a geologic map of Baltimore County which showed
the Wcodstock Gramite. Hopson (1964) reported ome chemical
analysis and some petrographic 4information. Crowley (1976)
showed the Woodstock Granite oh his map of the crystalline
rocks near Baltimore, Crovwley has wmapped the Woodstock for
his forthcoming geologic map of the Fllicott city 7 1/2
sinute quadrangle. ‘ S

The one recent development of 1ntérest-'is‘thatP five
vater-supply vells have been drilled within the area mapped
as Woodstock Granite, These wells are identified by numbers
assigned by the State of Maryland Water - Resources
Administration, Two of the wvells BA-73-4967 and BA-73-5036
brought uvp granite chips. These chips correspohd to our
sample numbers MJB025 and MJB028 respectively.,  The
remaining three wells bhrought up gneiss chips, Chips from
vells B-73-4870, BA-73-4733, and BA-73-5525 correspond to
our sapples HJBQZQ, 'gJBOZQ;*'and. ‘NJ8045 réspectively.
Apparently these three vells pierced a ‘finger of gneiss
sipilar to the ones vhich extend into the vesterh boundary -

of the Woodstock Granite.

B
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DISTRIBUTION OF URANIUN, TBQRIUH AND POTASSTUM
fNITHB WEKKLY-POLILTED-GRANITI¢~ROCKS
OF THE MARYLAKD PIEDMONT

John R, Sanms

Piffy-eight rocks sanmples from the Maryland Piedmont
vere analyzed for uranium, thorium, and potassium by means
of gasma-tray spectroscopy. The'«inplications of this data
for heat flov are discussed in the geophysics section of the
report, This chapter - is = devoted to geochenical
intetpretatioﬁ of the‘infornationQA The four weakly-foliated
gfanitic " plutons - of the Maryland Ppiedmont are: the
Woodstock Granite, the Guiiford Granite, the Ellicott City
Granodiorite,4and.the Gunpovdet, Granite. The Wocdstock vas

ahalyzed-in detail (thirty-nine samples). The Guilford (six
sanples), Elliéott, city (three sﬁnbles) and - Gunpowder (ten
samples) were analyzed on a recdnnaissance basis, 4
| The Woodstock Granite intrudes the part of the
Baltinore Gneiss knbwn>as the"wgodstock Dome, Tvwenty-three
of the. samples were froe- the grea napped - as Woodstock
Granite, and the resaining sixteen iére from the surrounding
qneiss;done. Sample HJBO4S .does not f£it this pattern.  The
‘sanpie cohsists_bf chips from a well drilled near thé center
of the area mapped as woodstOCkaranite.‘ Boieﬁet;vthe‘chips
-‘ﬁre cleariy gneiss, not granite. See the chapier of fieid

relations for a more detailed discuésion of well data. Por
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the subsequent discussion here MJ8045 will be considered as
a specimen of the gneiss dome.

The uranium concentration of samples from the Woodstock
Granite itself ranged from 2.0 to 4.7 parts per aillion
(ppm) vifh a median value of 3.1 ppm. In contrast, the

uranioe content of the surrourding gneiss dome  is

- considerably 1lower, The uranium content of the gneiss

ranged from 0.3 to. 1,6 ppr with a median value of 0.9 ppn.

"In other vords, all the granite samples contain 2.0 ppm or

pore, and all the gneiss samples contain 1.6 ppm urarium or

- less, Sample 8JB8062 deserves special meniion. because it is

the only exception to this simple pattern. MJI8062 was a
sanple from a set of granitic dikes which cut through the
gneiss dome as éxposed aiong the patapsco River about 2.75
kilometers southeast of the edge of the Woodstock Granite.
¥illiam C, Crowley of the Maryland Geological 'Survey
(perscnal communication) has suggested that these dikes may
be related to the Woodstock Granite. BNJB8062 contained 1.8
Fpe uranium, This value falls exactly halfvay between the
lowest value for the Woodstock Granite and the highest value
for the Woodstock Gneiss Dome. The origin of the granitic
dikes along the Patapscolaiyer remains uncertain.

The Gunpowder Granite intrudes the part of the
Baltimore Greiss known as the Towson Dome. Six samples were
ffom the Gunpowder Granite itself -and range from 0,7 to‘1;3

ppe in uranium concentration. Three samples were from the
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Towson Gneiss Done and'coﬁtain from' 1'5 to 2.3 ppm uraniunm,
The renaining sample wvas fronm a peqmatite cuttinq the Gneiss
Done and contains 6.1 ppm uraniun. All in all, the uraniun
concentrations are very lov except for the pegmatite.

The three samples from the Ellicott cCity Granodiorité
contained froem 2.3 fo 3.0 ppr uranium, The samples from the
vGuiiford Granite consisted of  four actual granrites, one
‘peqmatité and ‘ong‘yéll rock. The pegmatite and wall rock
congaingd 1.3 and 1.8 ppr uranium reSpectively. In
‘contrqst;,ihe granite samples ranged from 3.9 to 10.7 ppm
uranium - the highest concentrations of any of the analyzed
rocks.,
From paSt studies of uranium distribution in rocks

(Bogers and Adams, 1969A, 59693) severﬁl generalizations can
be nade, v‘It is difficu;t to evaluate "the -wuranium
concentration of gtanite," because granites do not consist
of @ single : petrological pdpulation. Radiometric
differences have been deuonstrated betveen different types
of . granite, Even in our  own’ studj, the nraniun
vdoncentratiohs vary over an ofder of ﬁagnitude,‘»even»whep
‘one;cdnéiders_only the "Qraniies";' Fonetheless, the uranium
concentration of an‘ignébus rock lis ciosely liﬁked to-its
.§hénica1 conposition, - Por ordinary rocks with silica
-contents in éxceés of 70 eéercent;, one expects _uranium
céﬁcengrations ih'the ‘range of 1 to 4 ppnm, ECOncentrations

éonsiderably outside that range indicate a peculiar rock.
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In this context, the Gunpouder Granite appears siqnificantly
depleted in uranium. The Ellicott city and woodstock have

fairly typical uraniun contents for siliceous rocks. In‘
contrast the Guilford Granite appears soneuhat enriched in

uraniun.

The thorium comcentration in the veakly-foiiated"

]

granitic rocks of the naryland Piedmont is nuch 'nore -

variatle than the uranium concentration. Por the WOodstock
Gtanite, nineteen of the saaples vary fron 11 4§ to 11 6 ppn
thoriun vith a median of 1" 8 ppR. The renaining three
granite samples from the uestern edge of the pluton have
only 6.3 to 9.0 ppe hthoriun.‘ The thoriun concentrations in
the uoodstock Gneiss Dome are hithy variable. The values
range frop 0.7 to 47,3 ppn tnoriun but are ?nostly‘hiqner
thanlthe values fro the Voodstockicranite. .The nedian value
for tte gneiss is 16,1 pPR. Sanple H38062 from the granitic
dikes along‘the Patapsco River contains 21 9 ppm thoriuu -
higher than for any of the saaples frou the Uoodstoct
Granite. ‘ | }' ,

The thoriunm concentration of the Gunpouder Granite
varies Eron 11 3 to 29.2 ppnm uith a median of 27.5 ppu. In
contrast the Touson Gneiss Done contains only 3.2 to 8 5 pPPR
thoriul. The pequatite sauple has only 2. u ppn thoriun.
Thus, the thorium in the Gnnpouder Granite is distinctly |
higher than in the surrounding Tovson Gneiss Dome. t This‘
relationhip is the opposite of that observed betﬁeen ’the

Woodstock granite and the enciosing Woodstock Gneiss Done;




Page B-37

the thoriun in sanples fron the : Ellicott city’

Granodiorite renged fron 17.7 to 36¢1' PPR. rhe Guilford {"

Granite varied fron 9 6 to 12 , 7 ppn thorinn.' The pegnatitev

and vall rock associated uith the Guilford contained 1 4 and

14.9 Epe thoriun respectively. -These thoriun concentrations

are surprisingly lov in viev of the high uraniun

concentrations in the Guilford Granite.

Interpretation 'of the nenning of  the thoriunu‘

concentration is subject to the difficulties discussed ahove

for uraniun plus some additional ones.i In siliceous igneous'

rocks such ns the ones analyzed for tnis study,‘ one vould

expect 10 to 20 ppn thoriun. nlnost all of the granitic

sanples fron the ioodstock, zllicott city and Guilford fall‘

in this range. There nre only four e:ceptions. ; Sanple R

uasoos fron the Bllicott city is distinctly high at 36 1 ppm

thoriul._ There is no obvious difference betveen sanple '

BJBOOS and the other sanples fron the Ellicott cityv

Grunodiorite. The other three exceptions are the three'

snnples nentioned nbove fron the vestern contact of the

‘ioodstock Granite. a rhese sanples are sonevhat lov in

thoriun (6 3 to 9 o ppn) but they are only slightly outside:

the expected range 8o that the difference is probably of no B

vpetrogenetic significance. The thoriun concentrations in‘

the Gunpovder Granite seen to be systenatieally higher than o

one’ uould expect., o
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The.telationships among uraniunm, thorium and potaésium
for thte Woodstock Granite are fairly clear. FPigure B-1Aié a
plot ¢f uranium concentration versus the ratio (U/K)x10-¢,
The triangles on Figure B-3 are data points for the‘tventyf
tvo analyzed rock samples froﬁ the Woodstock Granite. Note
that only tventy-one triangles are shown, because two
samples plotted at the same point (U/K = 3.9, U ppm = n{1).v
The dashed line is a least-squares fit to the rav data. The
solid line is one of a family of theoretical lines shoving
the relationship expected on Figure B8-3 4if all 6f _tﬁe
decrease in the U/K :#tio is due tc decreasing wuraniunm
concentration, The dashed line,(sIOpe 3.,19) 1is almost
exactly éarallel to the solid line (slope 3.22). Hence we
conclude that all of the decrease 4in the U/K ratio in the
Woodstock Granite is due to decreasing uranium, In other
vords, there is just about zero correlation betwveen the
uraniue and potassium concentrations in the rocks. If the
rocks preserve primary mpagmatic concentrations, such a
rglﬁtionship is surpriéiﬁg ﬁlthough possible. |

Many investigators have shown that primary magmatic
abundances'of thb:iun and uranium can be disturbed by later
alter;tion (Hurley, 1950; Tilton and others, 1955; Neuerburg
and others, 1956; Larsen and Gottfried, 1961; Ragland and
others, 1967; Roshoit and pthers, 1973; Rye and Roy, 1978).
Large variations 4in primary uranium seem unlikely for the

Woodstock Granite for a number of reasons. (1) The
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Pignré B-3. Diagram showing the relationship between U

and U/Kx10—¢,
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Woodstock is a very small pluton (2.6 km by 1.9 km). (2)
The rock samples from this intrusior are very uriform. They
contain no phenocrysts, rare xenoliths, and exhibit little

or nc foliation or chénqeriﬁ éf&in size. (3) The high and

low concentrations .of ufgpinn seem to be randomlyv

distributed over the areai exfent of .the pluton. (uj Kllvof
th; analyzed samples arel sdpface samples ég@ must be
ve;théred to some degreé;:ﬁvahu; the moéi plausible
inietptetation of Figure Bsi?‘iéxsinply that  a1l of the
Woodstock samples initially had;q;@ﬁiu; concent:§tions close
toithe highest observed (4.7 p;i) o£?perhaps Evéh‘higher.
Thé spread of uraniunm concentratiénﬁ';hby obsarved is due to
vafious degrees of uranium depletion by 5eathering.'

Figure B-4 is a plot of uranium versue U/Th ratio. The
triangles are again data points. éoégiar. fin this case
three anomalous samples indicated by éitclés vere ignored
vhen the least-squares fit (dashed 1line) uﬁs 'calculated.
The sclid 1lines are uranium-loss lines 9ust as on Pigure
B-3., In this case the dashed limne is not exaétly'parallel
to the solid 1lines, althbugh it 4is close. Most of the

decrease in U/Th ratio can be aconntgd for ;by uraniue

depletion., Note that if a sample were also depleted in

thoriusm it would shift fo the right on the diagram, and the
slope of a least-squargsifit to such data would have a slope

steeper than the solid theoretical 1lines, The three data

points shovn by circles £it such an interpretation .and are,

)
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Figure B-4, Diaqtam showinq the relationship betveen U
and tkte U/Th relationship.
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in fact, depleted in thorium. However, the bulk of the data
‘fits a line with a smaller slope than the nranium-depiétibn
lines. There seems to be some apparent thorium enfichnent
as the U/Th ratio decreases, There are three possible
interpretations, The first possibility is supergene
enrichment of thorium. This possibility does not seem
likely, because of the severe thorium depletion in three of
the samples. The second interpretation is that the thorium
enricitment is a  magmatic effect. If the thoriua
concentrations are recalculated to the least squares fit to
renove scatter and then plotted on a map of ¢the Woodstock
Granite, an interesting pattern enerqeé. The pluton seems
to be concentrically zoned in thoriums with low ?alués of
about 12 ppm at the margins and high values of about 17 ppm
in the center. The third possible interpretation is that
the Wecodstock Granite is contaminated by thorium froun the
surrounding Woodstock Gneiss Dome which has thigher thorium
concentrations., This interpretation seems unlikely, because
the highest thorium concentrations are in the center of the
pluton, not the parginms.

Samming up, we drav the following major conclusions
about the radioelement distribution in the Woodstock
Granite. (1) The initial uranium concentration was 4.7 ppm
or higher. (2) Most surface samples are depleted in uranium
by weathering processes. (3) HMagratic concentrations of

thoriun‘seem to be preserved except in very badly veathered
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samples. (4) The concentric thoriunm aistribution with
highest values in the center suggests differentiation invard

from the walls of the pluton,
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" BLUE BIDGE GNEISSES AS POSSIBLE SOURCE -
MATERIALS FOR GRANITES SR

S.T. Hall ‘ -

~The roles of migmatites and paragneisses in the

formaticn of granites has been established thtough- many
careful studies as being one of the  wmost 'impbitant.
consideratibns in granite paragenesis. Buried, hiéh-gtade‘”
gneisses vhich are undergoing metamorphism are subjecteq to
increasingly higher temperatures until a certain - level is
feached'and anatexis sets in, i.e., the gneiss is partially
melted in the presence of sz. The resulting melt is
predorinantly composed of quartz, plagioclase, and alkali
felspar vhich is basically a granite (Rinkler, 1976) .

The high grade, granulite facies greissic rocks of the
Blue Ridge Providence in vest-central Virginia are being

studied as a probable source of granitic rocks im the

_southeastern United States. This is reasonable since these

gneisees, the Lovingston and and Pedlar forrmations, are some o

of the oldest and highest metamorphic qrﬁde rocks on the
castern continental pargin. }7‘ :

| The purpose of ¢this study wvill be to see.'if itf-is
possitle tc  derive, chemically, some bf. the . typical
southeasternvqranites by partial melting of the Bine'kidge
gneisses and subsequent fractional and/of equilibridm . -

crystallization. This vill be done Ly emplo&ing general
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theoretical and elpirical vorking nodels of nelting and
crystallization trends that are followed by both the major .
and trace elenents, given an initial bulk chemical

oonposition, i.e.. the Blue Ridge gneisses,

Ihe Blue Ridge Rocks
| ,TheFStudy area is a traverse betwveen Boena Vista and
Lovingston,; vitginia through the Pedlar 'andr Lovingston
fornaticns_nhich rep:esent the najorv,rook units of the Blue
Ridge in weetéoent:al virginia. The . Pedlar is a green to
darkr blne-g;ey, ' coarse-grained, massive | to melonitic,
"granodiotitic". -qneiss ~or charnockite ,often bearing
hyperethene~and"vith gatnet along the wvestern. narqin. The.
Lovingston is a dark oray,‘nessive to foliated, ‘biotitic
augen greiss. | o |
The two fornations are Precambrian in age with somewhat
later ptenetanorphic 1njections of granitic rock into the
Lovingston vith' zircon ages of 1.1 billion years.
Subsequent Grenville granulite-grade metamorphism occurred
about 900 pillion years ago (Davis, 197&). A second event
produced injected granites 1nto the Lovinqston with aqes of
about 120 nillion years. Another netanorphic event during -
the ,Peleozoic partially ret:ograded the rocks to lower
amphibolite or upper oreenschist grade, as evidenced by too

generations of{biotite in some of the rocks.
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. Qhﬁ!issl 2&!2Q9§QE§1§= Major Elepents

. Table B-1 shovs average chenical conpositions for the Pedlar

and Lovingston fo:mations and also the Hinnsboro‘g:aqite,v

exc;dsive of the Rion. .

~ The Winnsboro vas chosen as a representative granite
since its bulk composition is close to an average of the
granites previously studied ir this project and s;ncg,it is
post-pe tamorphic ‘and therefore chemically _énd
: minéralogically unchanged for the most part.,

- Even thdqgh najorvglenénts are not as de@initive as
‘trace elements as indic#tors of melting trends, it will be
necessary to deteremine 4if the <calculated quantities and
cherical conpositions of the phases subtracted during
relting of the Blue Ridge rocks to vyield sohgheASterﬁ
grdhific compositions are, in fact, plaﬁsible gnd.éorrelate
vith the phases seen in the actual rocks, One method of
calculatihq asounts of phases sdbtracted during_fractional
crystallizatioh of a_givenAparental compositior is the basic
least-squares apbroxination in nmatrix form, Y = BX, as
applied by -Bryan; Finger, anq Chayes (1969). This method
may be applied in indrelentg so that the‘compositionslofrthe

phases being subtracted or added can be varied\gs in:a_real'

system. Nathan and van Kirk (1978) have employed a similar

method whereby nev phase compositions vund nelting
tenperatures are ,recalculgteﬁ continuonslyi for eack

incremental step of subtraction of 2% solid from - the melt

C
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until the quantities and compositions of the solid phases

fffﬁc@ionéted are determined which all have the same

crystallization temperatures appropriate for the compos;tion
of the residual melt.

. The problems with these models are that they are
applicable for fractional crystallization only and for lov
pressvre fractionation in that the effects of PE20 and
hydrous phases are not COhsidered. Current nanipﬁlations of
these modeéls are being done to incorporate PH20 and hydrous

phases for both fractional and partial meltind.

' Irace Elemept Fractiomation

Theoretical models for the quantitative behavior of

'tface eleménts’durinq varions kinds of fractionation during

melting ‘and also for equilibrium and fractional
ér?stallization have been derived and reviewed by by several

writers including Shaw (1970), Hertogeﬁ and Gijbels (1976{,

‘Arth (1976) , and Schilling and Winchester (1967). Langmuir

et al. (1977), Hamson (1978), Schilling (1971), Arth and

Hanson '(1975);Aand;‘othet5’ have applied these models to

‘patural systems and verified their validity.

For elements which are non-stoichiometric constituents

,of}a phase, such as nahy trace elements, and vhich forne

dilute solid solutions, it is assumed that Henry's Lav and
therefore the Nernst equation apply during equilibrium vhere

the chemical potential of an element in one phase ( ) is
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equél tc the chemical potential of that element in another
phase (g) »
Mathematical derivations of the Nernst equation by Shaw

{1970) yielded *he qgeneral equation:

d wz W, - wL < xB
= + : ; S
dL W -L gt/o g golf
dwt 1 dF |
or = (2) (Hertogen and Gijbels, 1976)
) \ .
wo—w D 1-F

This can be integrated in several ways depending upon
vhich crystallization or melting process is applied. The

definitions of the symbols are as follows:

Vs W mass of a trace element in the initial
solid and in a 1liquid formed during
malting;

X, mass of the initial solid;
xi mass fraction of phase i in the solid;
KL/i solid-liquid distribution or‘ partition
coefficient of a trace element in phase i;
‘D . bulk solid-liquid distribution coefficient
of a trace element for the residual phases
at time of separationr of melt and residue§ cs/cz
F degree of melting, i.e., weight fraction of

melt reactive to the initial solid;
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csycz,c ,cL- the eoncentratioh of a trace element,
respectively, in the residual solid, in an
incremental liquid fraction formed during
fractional fusion, in the parent or initial

solid, and in a derived melt;

L mass of the liquid formed upon melting;
D, bulk distribution coefficient of a trace
element at the beginning of melting. L

some of the different melting_imodels are: partial
ggisiggivhereby onlf part of the initial s0lid 1is melted;
Batch partial pelting uhereby}eacu batch.of melt remains in
contact’uith'ithe residual solid wuntil ueltinq' is complete
and then the melted batch is completely removed, all at
once:> fggggigggl fusion kor meltiug) vhereby the nmelt
produced is continuously removed from the residual solids;

: gggilip;igm _partial :__igg uhereby the melt ‘remains in
equilibrium vith the residual solid phases until: it is

removed; gSimple u_siel eguilibrigm pelting xhereby the
initial solid is of a eutectic compositiov so that the
percentaqes Vof the pﬁases in the solid reuain constant
durinq equilibrium meltinq and gxgggig ggl_ing vhereby melt
'is continuously~remcved from the solid with‘somelmelt alvays
remaininq in contact vith the solid. This isdexpressed as a
comhination of fractional fusion with either 'batch partial

meltinq or some type of equilibrium fusion.
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For the purposes of this study, batch partial melting
is considered to be the most appropriate. For this process,

equations (1) and (2) integrate to:

CL 1

c D(1-F) + F

Applications to the ¥Wippsboro

During meltihq of a rock thap;is predominaﬁtly composed
of plaq;cclase, quartz, and alkali feldspar, such as a
gneiss, £he compositions of the‘melt or nmelts fo;med'goﬁld
be expected to 1lie along the quaternary coteétic in the
vater-saturated systen, ahorth;te-quartz-albite-or#hoclase
or at_thé ternary eutectic in the systen, Q{Ab-Or. In this
report, Harnan's Figure B-1 shows eutectic (minimum melt)
compositicns atvvarious éressures, vhere PH20 = PT, in the
Q~Ab-Or projected system where hb/ln = 3, for é parentél
compositibn of a greyvacke with K-feldspar, i.e., the same
composition as a gneiss., The maio:ity of the normative
¥innsboro compositions cluster arounﬁ the 7 ‘kb, 6559C
eatectic which indicates that a gheiss is a plausible parent
for the Winnsboro at these P and T conditiorns,

“Minimum ‘melt" compositions can be génerated by a

starting kulk composition of plagioclase, alkali feldspar,

and quartz, such as a gneiss, anyvhere within the Q-Ab-Or-

An-H20 system, However, sone starting compositions require
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X

e o8 o
Fiqure B=1, The:concentration of a trace element in a

o pelt relative to its concentration 4in the parent rock,
c(L)/c(o), versus the weight fraction of partial melt, F.
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huge volumes to derive a reasomable amount ,°f nininum
granitic =nmelt. The Pedlar and Lovingston nornative
compositions  show thﬁt they. vould not require 'such -
unreasonable volumes to arrive at the Winnsboro composition.

To look at the trace element fractionation patterns
betveen the Biue Ridge rocks and the winnsboro, equation (3)
was épplied to U ard Th values, Table B-1, and results
plotted on Figure B-1 froe Hanson (1978). For U, D-values
indicated that if all the U were concentrated in the melt
(the Hinhéhoro) relative to the residuval solid, i.e., D = O,
the maximum degree of melting indicated wheh' the Pedlar is
used as a parent material is 45%, vhereas the Lovingston
indicates only 30% maximum degree of ﬁelting. Th values for
the Lcvingston indicate 15% maximum degree of melting which
'is pot correlative with U data results. Th contamination is
quite possible. Th values for the Pedlar indicate 50%
maxinum degree of melting which ‘correlates well with U
tesults from the Pedlar and therefore indicates that the
Pedlar is a plausible source rock for the Winnsboro.

The Rb/Sr ratio and Sre7/Sr8é values ottained by
Fullagar and Odom (1978) for Blue Ridge gneisses of Virginia-
and Tennessee yield a Sr®7 grovth curve far too Sré87-rich to
produce the Sr87/sreé values observed in <the Piedmont
plutons. Therefore, ¢to account for observed trace element
contents of the Piedmont plutons, a source must be found

that 4is simpilar to the Blue Ridge rocks but with a 1low




_ page B~55
initial RD conteht vhich vill yield a growth curve similar
to that of mantle tocks.alonq vhich the granites plot.
Then, - to account for the relatively high radiogenic Pb
contents of the plutons,,PSicontanination of the parent rock
rust also be assﬁmed.

Usirg future = trace elesent data, applications of the
various fractionation. models should determine if the
southeastern granites can, in fact, be considered as partial

pelts of the Blue Ridge gheisses.
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£
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Lovingston

- e -

5102 63.86
A1203 15,46
Cao B 3.30
MgO 1.65
K20 4,79
" Feo 6.07
Fa20 2.80
Mno | 0.09.
7102 | 1.35
P205 0.67
v 0.77
™ 2.30
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Pedlar_

——————— g g

65.01
15.98
3,08
0,96

5.15
5.03
©2.59
0.08
0.82
0.46
1,20
7.47

TABLE B-1, AVERAGE CHEHiCAL‘COHPOSITIONS

-+ 35+ 11 =‘====
Vinnsboto

72.91
15.02
1. 14
o.ualj

5.47

2,50
3.62
0.08
0.33
0.11
2.68
| 1n.54
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OFIGIK OF THE WINESBORO GRANITE BY CRUSTAL ANATEXIS

Barry B. Hanan

‘ An’ outstapding problem in petrology has been to
deternine ,£he conditions for tﬁe formation of granitic
rocks, Following the vork of Tuttle and Bowen (1958) many
experimentalists (see Winkler, 1976 for a current summary of

the experimental data) ~have shown that liquids' of granitic

composition could be produced as the first melts of crustal

naterjal at temperatures in the nighborhood of 6509C {f the
melts vere vater saturated. These fusion temperatures are,
in fact, lover than those recorded in the minerals formed

during high qrade metamorphism of the crust (Epstein and

Taylor, 1967; Carmichael, 1967; Brown and Fyfe, 1970).

~ The associﬁtion of wmetagreyvacke and granite in the
central and southern Appalachians (Hopson, 1964; Neathery
and FReynolds, manuscript in  preparation) suggest “that
partial fusion oflmetigreyvacke'be considered for the origin
of  the 'graniteé. Hetaqreyvaékes -are found in the
w1ésahickon Pofnation, "narYIand. (ﬂcpson} 1964) the
Lynchburg Pornation,iv1rqinia (Btovﬁ, 1958)f;nd the Wedovee

Group,. Algbaua (Neathery and Reyﬁolds, manuscript in

preparation). These greyvackes typically lack K-feldspar,

have 1little muscovite, and have appreciasble biotite, The

ﬁinnsboto pluton is a post-metamorphic qranite; vith little

cherical or mineralogical redistribution since its initial
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crystallization. The bulk composition of the Winnsboro
approximates the average chemical composition of the
" piedmont granite plutons examined thus far in the prodject.

| winkler and von Platen (summarized by Winkler, 1967)
shoved that a significant amount of granitic melt can be
produced by partial fusion of rocks of greyvacke composition
under conditions comparable to those found at crustal
depths, AThe prerequisite for obtaining granitic melts by
partial fusion of greyvacke is that plogioclase, quartz,
nuscovite, and/or biotite be present because all three or
four minerals are required in order for anatexis to take
place. The ﬁinimun relt coﬁposition in the system Q-Ab-An-
Or-f20 varies with the Ab/An ratio pressure and degfee of
volatile saturation, Figure B-1 shows the position for
pinipum melt conmpositions determined by Winkler and von
Platen (summarized in Wihklet, 1976) for paragneiss
containing K-feldspar and natural greyvackes wi;bouf K-
feldspar but having muscovite and/orlbiotite. The normative

data for the wWinnsboro pluton is also outlined. It is not

likely that the Winnsboro vas derived from partial fusion of .

greyvackés lgcking K-feldspar. 'ninimum melts produced from

greyvackes with quartz-plagioclase-biotite assenblagés
produce dioritic to granodioritic compositions, because
biotite nelts‘ incongtuently to = fofﬁ the K-feldspar
component, During the initial stages of anatexis only. a

spall fraction of the biotite is oonsunéds The 'amount of K-
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PP

. PFiqure B-1, . Ternary plot for the system Q-Ab-0r
projected from H20. The stippled area represents mininunm
pelts derived from gneisses without K-feldspar at PH20 =
2kb, The closed circle, triangle, square, and open circle

‘represent minipum pelts derived from . dgneisses with K-,

feldspar at 2Kb, U4Kb, 7¥b, and 10Kb, respectively. The

outlined field encircles normative nmineral compositions for
the Winnsboro granite.
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feldspar~cogponent relative to the amount qf plagioclase and
guartz coapbnents is spall, resulting in the foru#tion of a
granodioritic melt. The normative data for the Winmsboro
Flots atohgd the experirental data for hinimum relts derived
by pattiai fusion of gneiss éontaining K-feldspaf at PH20 =
TKb (see FPigure 1). o
Further objections for the production of the ﬁinnsboro
granite by partial fusion of . greywacke ccmes from
exanination of the available trace element data, Trace
element fiactionatipn calculations using average greywvacke
| . {Rogers and Adams, 1969A, 1969B) as the parent and the
pinnsboro as the derivative 1liguid 3indicate that the U
concentration in the Winnsboro can be explained by
approximately 25% fusion of = greywacke, = The same
calculatiogs for Th indicate that abont 15% melyinqrvoulg be
required, Obviously these results are ib conflict.
Rubidiuem and strontium studies on greyvackes fron% the
Wissahickon Formation (Hanan and Sinha, 1976; Hanag.'1976)
and tke Lynchburg Formation (Fullagar and Dietrich, 1?76)
Vnegate sinple fnsion of greyvacke to produce granites like‘
the winnsbéro. Fullagar (1971) shbved that the galéozoic,
igreous rocks of the Piedmont closely conform to the évgrage
mantle growth curve for radiogenic strontium {Rb/Sr =
0.025), The time dinterval betveen deposifion of the
greyvackes and crystallization of the grapites is on the

order of 100 m.y. for most plutons, Rb/sf in the greywackes
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ranges froe 0.3 to 0.7 which is similar to estinates of the

 upper crést’nade by Hurley and others (1962), Gast (1960).'
~and  Taylor (1965)\ the 87Sr/86Sr ratios are gtedter than
06720, Thié means that 87Sr in the greyvackesthad evolved
'%alonq a crustal grovth curve at the_,time of the proposed
'éenesié of the granites and, therefore, the greyvackes could

‘not be . parental to granites folloﬁinq a mantle growth curve.

Although pdrtiai_}fusion of greyvacke is an‘acceptable
Froceses for the concenfrétion Qf‘u, Th, and K into granmitic
plutonic rocks, the existihg maiof,elenent and trace element
daﬁa'does not substantiate this prpcéss vith regard to the
winnsboro, It‘is unlikely that gréywaéke'wgs the sburce for

these rocks.
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RSN CHEMICAL FILE SYSTEM

~ Prank Galligan and George Crum

" An interactive real time geological chemical data
system wvas required for immediate aralysis  of chenical
components, isotopic:ratios, etc.. The data system designed

incorporated file structure techniques oriented toward space

~and time saving interactions of the system along with

concise and superlative techniques of data analysis and

-processing, The system is 1logically separated into modules

vhich all are 1linked to a main user interactive driver
routine, This enables the user ¢to access multi ‘levels of
the tctal file structure and to be able to save any analysis
for future access,

The file system is designed in modular routines to
allov for modifications and future development as the
interactive environment changes.

The main> computing system consists of the central
processing unit, cosmmunications controller, high speed
printer, digital drum plotter and disk storage system. This
comnplete systenm is‘,capable of program execution, .storage

utilization and interactive terminal usage. The IBM 370 is

. a large and complex system, but only the necessary integral

compunications controller function is to allovw a terminal

via telephone to transmit and receive data to the -main

.computer., The data pay be program 1logic or .inmput/output
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cherical analgsis. "~ The té:minai located in the laborgﬁory
has real time or imnediate access to the data file structure
and thke controlling prograa.l The data file structdre is
logically divided into specific routines. .rheSe routines

arejlinkéd and run under a main driver which is written in

'CMS execs. The exec are controlling programs vhich run in

- the environment of the CMS operating system. The routines

are written in Fortran and ¢ompiled into load modules which:

- are executed'by the controlling execs. The execs, being the

‘controlling process of all routines, can select, execute,

and control the flov of input/output.

- The Fortran routines are editor, file, seérch,llist,

- statietics, and plot.

The editor bas two wmain functions, file organization

and setting up the  data files along with delete, renane,

‘1ist, print, and space.

Fach df (data file)_cgn be logicélly divided'into naméd

blocks where each name is unique. Each block can be further

- subdivided into named elements vhere each element name is

uniquevto. the block which it belongs, The existing file

‘crganization defines the organization of all ‘existing df's
“in the data base for the current block and element name
- structure defined., The ' file organization can be edited by
f‘the'nse of the editor conmand‘"EDORG"g The subcommands of

" the WEDORG®" command allow the user to -"add,~benane, delete

l1ist® = block and element - napes vhich describe the
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organization of all existing .df¥s.,  ®Edorg© “amd; its

snbcommands-arexaocunehtedfséparatéIYa'

The initial block is special since each :element name-
defined. for this block allows the user to identify character -

data {in all existing daf's. Ail other blocks and their -

element names "allow the user to identify numéric data in

existing df's. Df's therefore contain nonhomogeneous dafa.’

 The information  that -describes the = current” file -

]

organizatior is - contained in: a file called “ORGDR", : The

data structure implemented. to represént the. block-element

structure is a multiple linked .list structure. - -This ‘data
structure allovs such operations as additional deletion, and
space . management of the : ‘organization directory to be

performed by several fundamental list processing routines.

An example diagram of the data structure utilized is
documented separately with information on functional fields
of each node.in the list ‘processing systen.

The access ﬁethoa'bdan (Saéic direct access method) is

utilized ¢to allow direct access file organization. ' The

records of a file under bdam can be directly ‘accessed by
supplying the desired record pointer, Space for direct

access files is allocated in entirety when' the file  is

created, ~ the . 'amount * 'of space - having:' been - provided

previously.. Information regarding the current d4f and:

organization - directory files 4is open to all channels of

operaticn,

-
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o gzgch df cre§tedvreqaiteSESk?bytes,-ihéte ko= 1026, The
crganiiafibh diﬁéctéry utilization is \1okybytés. Under CHNS
operating .systen, sQAce is aliocatedi“iﬁ‘cylinaers vith each

cylinder being‘dssk ~bytes, Fach cylinder therefore can

store 91 .4df's.

Bach record in ‘thé organization diféctdry,:has~‘a §
functional]:elationship‘to,ueach'reCOtdiof.ﬁny existing ag.
This function 4is a 141.~onto»nappinq from the records of
ORGDR (domain). tdA/the;records of .a df.f(ranqé). The number

ofrvalue5~(nnmetic~orvchéracter)<that  are stored in a df is

dependgnt;,on file orqanization~an¢; c§n ‘be-determined by

cohﬁting' allvelepent‘«nanes. : Blockwxnames;setve7tonly--aS‘
qnaiifiers:5hovever; récordsrvin ORGDR;yhich sé:ié*‘aswbIOck‘
uale»iQenfifies'do map into records of a 4f (these records
being unused). ' A o

‘A ~listinq of  the >,cur.l'x:e;nf:'_;!:‘.'L].e‘_<‘>'.'~<‘;a'nizai:.i.cuE’ca‘n be
obtained by,entéring~the conmand.“LIsoRGDB”§-‘

_Bleck or element name can be added, - deleted, renamed,

and‘listeé.,-OPQtdtions,pethrnea* by ﬂEDo§G@xéoumand effect .

ailvexistinqldf'5¢;~Caré<5bqu16A be exercised vhen using the
QEnoacﬁ'command; andvits;:suhcoinands‘since,athé-effects»vofuvf

this edig4command«gubset”a:e enniversalwover}the"entire data -

base. ;The user simply enters  the compand “EDORG" to ;nVoke~:s

the file organization = editor.. :All further | interaction
betvgén‘th§  user)gnd-éditcrqis; in,the:fornf>jqueStionplist-.;

pténpt from' compﬁter)-fdiqitalrresponée by user) orf(enter i
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character string response from computer)-(character stting
response from the user).

The user may enmter up to 20 characters for either block

or element names; however, only the first eight chgracters

are utilized by the system. Since the block and element

names are required to access data in a given'df and may be

used by othér _systenms, it is vise  to choose 'neaninq:nl

names, Theée _nanés pay be conposed of letters of the

alphatbet (A-Z), the sbeciql characters (#,_,.,1), and thé

digits (0-9),"the‘ first chaﬁacter of which nmust be
alphabetic with no embedded blanks.
vhen entering responses, correctiors can be made on the
current line of input by using’the character delete symbol.
111 responses entered by the user are echoed for user
verification, The user mpay find it necessary to use an
WEDORG" suhconman& to.pike certain corrections to entered
responses not corrected on the current lihe of input.
'Add; allovs addition of block or element names to
be made at the end of the current block names
' 1ist or element name list of a block. Allovs
"addition‘of block or element names to be made
‘before an existing block name in the current
‘block list or element 4in the current element
rames list of a block,i
' pelete; allows block or element names to be

" deleted fron the file organization. 1A deletion
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of a 'block removes all existing element names
of the block being'deleted as vell as the block
name, |
fename; allovs block or element names to ‘be
renaned. | | ‘
List:vailovs 1isting of current block name list or
. element name list of a given’block"on the
terninal. }
Fdit df subcomrands allow data to be entered,
cdfrected; or listed on a bloqk‘by block basis where the
user may optionally sequence to.a desired block explicitly

specifying the block to be edited by supplying 'the block

name. The user simply enters the command "EDSAM" to envoke

the df editor. All further interaction betveen the user and

editor is in the form (question 'llist ipronpt, from
conputer)-(diqital response by userf or (charaqter stging
prompt from computer) - (character string response from the
user)e B | ,

once the df'“editor'has'been'enioked' the computer will
initiﬁlly prompt éhe user}fo:;a"df neape.  Df names may be up
to eight characters long and nay.chsistfof ‘letters of the
alphaéet (A-Z),'the Special'charactér ¢, and_ -digits (0-9),
the first character of vhich 'nn§£vbe alphabetic vith no

_embedded blanks. If the name supplied is new, the computer

vill allocate space for a new data filg’rvith a file

organization‘ as described by "ORGDR™ (organization
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directory) and will indicate the df is new. If the pame
supplied is old, the cdmputer vill acknovledge thefﬁile iifh'
the given name is old. Ail chatacter fields of hev df's are
blanked out while all numéric fields are zeroed out;_ Fields
of o0ld df's 'will be unaffected.  FWhen .the computer has
acknculedgedithe‘df-as new gt'old,vdfrediting,can‘proceed on
a block by block Saéisrwhére'the current block  is alwvays
identified by the computer,
Move  to the next block; will move sequentially
fros the current block ‘to = the next block. The
" new bldék‘will'beQidentified by the computer.
Enter block name; will prompt tke user for a block
name and move to this block. -
Make corrections to data; will prompt the,usér*fﬁ: A
an element name and display the cuarrent value
for this element prompting the user for a‘hew
value, ,
Eﬁter data; vill display an element name prompting
the user for a value for all elements " of the
' current block. |
1ist data; will display an element name and value
~ for all elementS-éf the cutrrent block on the
terminal.
Delete data file; df's can be deleted from  the
data base by entering the commande"DELsan"

followed by the name of the df to be deleted..
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. Example: DELSAM S168%#2. = = Sy
This vould: delete sample S16842 .= =, .
ftén the data base.
Rename; df's can be  renamed by entering the
,-»connand "8EnsAu" folloved by the original: 4f
naewe and then the desired nev df name.
Example: rensam S5567 S5566.
- This vonl& renamne sample S$5567 to
the nev name of S5566.. ..
List data file names; A listing of all existing df
.names. ' currently in the ! data base -can :be
obtained by entering the command “PRISAN",
‘which 1lists on the terminal.
- Print data files; Data files may be printed at any

. possible locations, the user's terminal, remote

job entry stations, main computer room. . The
-~ command is "PRTSAM" followed by thqﬁllocatiop
:that the printout is to  be sent. The coerputer
vill prompt the user for the nages of sample

-+ files to be printed. . . - ¢ o '

' tist,data~£11e:¢A~d£‘may.be,listed»on,the terminal
| for instant display of data by entering the
. .command "LISSAM",  The user will be prompted 'to

. .enter a:df mame. .. . . .. . .-
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Example: LISSANM
enter sample nanme:
$5589
string 15,55589
listing follows
Space; The current percent of space being utilized
can be found by entering the command “space®.
In addition, the total number of files, 800
byte records in use and total cylinders on the
current user disk is displayed.
Data entry frdn another Fortran prograe is incorporated into

the data file system, The program 1is called by

and wvas modified to take card data input, run the program
and for the data output to be entered in ¢the data file
systeun,

The nore program setup is as follows:

Format analysis cards; Columns 73~80 of analysis
cards are reserved for the sample identifier/
vhich pust be left justified in this field.

The sarple .identifier nust Dbegin with an
alphabetic character and may contain alphabetic
'characters, the character ¢, and the digits. -
{0-9). Since saup;e jdentifiers may contain
eight characters, standard format #1 from norm
pr&gram descriptior cannot be used. . Refer to.

" norm procedutes. The analysis cards must  be
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preceded by a modify command and oxides command
card wvhich override standard format #1. The
format described by the modify command must not
use coluans 73-80; these columns are resérved
for sample identification.

Data entry; Analysis cards may be prepared
offline on  a keypunch or optically nmay be
entered into a CHMS file using the. CHMS editor
internal to IBM 370 operating systenm, If the
cards are prepared offline on a keypunch, they
may be read 1n£o your CMS wvirtual reader by
preceding the data deck vwith the control card
needed to read in the cards in at a remote job

- entry station.

To have the cards read from the virtual reader into a
chs file issue the command "RDRDAT". The data file may novw'
be dieplayed on the user's terminal by the command “PRTDAT®,
This priﬁts the data file to ensure a proper listing. Next
connand is the execute coamand to rtun the nbrm program by
the "norm" command.

- Output .from ‘the norm program iay be: printed at any
, poSsible»terminal or print station desired, \Tﬁis location
is specified after the norm command., - -

Exampie: nors terminal, |
: This would execute the ncrn‘program~f

and print the output at the termiral.
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The user may edit another CHS da (a file using the CHS .
editor) or read another data. file from the . virtual reader
using:using the;ﬂnbannfﬂ coﬁmand, then the "norm" command to
calculate the cipv norm for each pev data file., |
Nore input to data base; In addition to providing
a sumrary printout of the sapples, the suamary
'comﬁand vill edit sample files in the CMS data
base defining several alues, blocks, wmajor-
elerents, adjusted-oxides, nporm, _ Barth's-
cations, niggli-values, and index are defined
in entirety.  Elements sanple-nane, and pluton-
name of block identification. are also defined.
The printout provided by the summary command
vill 1ist all sagple identifiers, :1ndic§ting
vhether the sample is nev or old. since data
in other areas of the sample file |is
'unaffected, values for these elements may be |
defined by other means (editor) either before
or after running the nore program. |
o changes should be ﬁade to the block or element names
enticned above simce the norm p:ogran vill search thé file
organization for these specific names: |
File routine --~----------f------------;-- :
A universal population of all samples . has now been
built by the editor. To. this list samples and data may be

added in a continuous update of the chermical file. Chemical
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analyeis being performed in many cases does nét require the
access of all samples,: T§ aid in storage and speed analysis
a subset is required, This is’ accomplished by the file and:
search routines, The file routine has the capabilities of
setting up a new file vhich is given a name by the user.
This pame is unique to all files, and for the first time it
is set Up”cOﬂtaining'a'ilst of all available samples; This
nevly named file  is translated into a subset' of samples by
the use of the search routine, Once the search routire has
created & subset the mnamed file now becomes an old file.
The distinction between an old and nev file is that a new
file has a list of all samples and the 01d file has a subset
list ¢f samples 1after“the~Search'routine has been applied.
The old named file is automatically saved in storage and may
be used recursively at a future ' time. Tbe'file routine has
the capabilities of functional operations on ‘old named
files. “The operations are; add, erase, input, rename, copy,
1ist, intersect, and concat. =

- Add; Theiadlepefatidh'allovs the user to cresate
. a nev named file which contains a  1list of all
samples. |
752rése: *This vill “let the user delete any old or ¢
newv nﬁmed filed, thus fréeing nore’ Spacé“for-
- :the user.
- ‘Inputs ‘The user may insert into any named file a

“sample or set ~of sample names for analysis.
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| This allovws the user to individually select

sanples'fof a lov level analysis. |

Rename: A nev or old file may be renaned at any -
tine.

Copy: The copy command lets the user make coples
oflold or new fileé. The copy namé.wmust be -

- ‘other than the original named ‘file,

Iist: This allovs the user to printout the names

: of all thé old and new files created.

Intersect: - This comnandvpérforns the intersection
of tvo pamed files and creates a 1list of.
samples which is named by the user.

Concat: Performs a union of tvo named files, thus
creating a list of samples vhich is named by
the user.

The procedures of the file structure enable the user to
 set ap @& sémple file for analysis and stores all data  for
future useage, The structure dynamically allocates space
and recursive techniques necessary for interactive
statistics, All files that are set up mﬁst be processed in
the search routine.

"The seafch routine enables the user to predefine any
arithsetic expression for the selection and search criteria
perforred on any named file of sgnples. The result is a
subset of the named file being operated on and the results

are rewritten into the named file. Recursively the user may
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 repeat with different search criteria until the subset of

samples is satisfied.

The search criterie or expression must be set up in a
named file system similar to the file routine operations. &
pame  for the expression file is required along with the
expression to be entered.by the user into that file. The
search has tvo main sections, the file»setpp and the search
on the samples. The‘file setup has eight commands: add,

copy, - list,  -erase, intersect, concat, rename and 4input

‘search string or the expression.

Add; Request the name of the nev search filé to
. be given by the user, _ L
. Copy: Creates .a copy of ¢the search file 'with a
different nane. B
List: Enables the user to printout all existing
napes of the search files or prints the
 expression of a particular search file that the
user must specify. |
, Brase: tThe user'nay;delete any search file.
Intersect: Two search files pay be logically or k
 together .to create a search file named by the
-uger. , ‘
Concats - Two sea:chnkfilesinay berlogicaliy _gnd,:
. together to create a new search fi;e.'naned by

the user. .
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'Rename: A search file name can be changed by'this

~coarand. _ o L ":i¢A

H

:nput search string:  This conmﬁnd allows the user

| fo inpﬁt, through the terminal a fnathematicai
expression ap to 130 buffer length, ' The
~expression may ‘gontain character = string or.
‘numeric vélues vith .= operators = ‘of
;:*c*:/.°.$.>.=,&. The gqualifier between block.
and element is the 'senicolon.vvrhe following
are examplas of search exgnessions:

uajor-elepentsfsioz < 69.032 ¢ pajor-oxides; Al >

5,01 | | |

Ident;fication:pluton-nane = Liberty Hill

Norm;Ab ¢+ normi;An > 31,00

The block ~and eleménts of the search file are error

checked  for the correct char&cter sequence in the
organization directory. Ig 2 block or elements does not
exist the etror is printed and logic flow returns to the
pain driver of the chemical structure. This allows the user
to recover from any severe errors gnd»to- continue with the
}énalysié. | » _ o ‘ :
| lronée tbe expression is setup in. a search file the user
néy ncv use this search file to select a subset of samples
ﬁames‘ by gpplyipg the expression to the named file! of
-.sanples.“ ‘Thisyish achieved by using the search samples

command in the search routine,

C
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The search sanples command will first request the user

to specify vhat the nane of the sample file ¢to be searched
is named. HNext the routine request the user to select vhat
search file expression is to Abe’perforned on the sample
file. Execution of this command will proceés the sample
file and create a subset of sarmples by .the expression
criteria and rewvrite the ‘sample names into the named file by
the user. This procedure nay be done with any number of
expressioh until the desired population of .sauples ie
achieved. The processing flow returns to the pain routine
vhere list, statistics or elot comnmands may novw be selected.
The 1ist compands enables the user to ‘print on the

printer or to scan on the graphics any created files or

‘data. The 1ist structure requests the user to specify a

pamed file for printing and for dete 2 particular sample

nape mnust be suppiied; The location of printing can be

'epecified on the printer or the high speea device. The

‘device may be used for large printouts of data or anelysis

needed at a future tire, With the capabilities of scanning
data and files on the terminal the user now can proceed to
the apalysis section of the nain routine celled statistical |
rqutihe. ' | - |

The statistical routine pust have a sample file'naie to

do any analySis: This file name . is defined by the usef,‘and'

may be any one file that was created from file or search

routines, This file or files may be applied to any one of
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five statistical routines. They are regular statistics,

linear regression, Statistical Analysis System (SAS),
Scientific Suﬁroutine Package (SSP), and ¢the International
Math and Statistical Library (IMSL).

The results from the processed data must go into a

named file by the |user. The routine before processing

starts will request the user to name the file for further.
usage as & plot or printed data, The resultant statistics.

nanéd file is saved in storage and can be operated on by the

commands 1list, copy, rename, delete, These commands are

applied to the statistics file and function the same as

operations in file setup and search file setup. No

necessary explanation is needed since they are similar in

structure.

The reqular statistics routine requires one file name
set to do the performed calculations, They calculate
standard deviation, standard error, maxium, minium, average,
and range of input data,

The 1linear regression routine requires two files of
samples to apply the regression analysis, The calculations
printed are the slope, intercept, maxium, minium, average,
and range, A coefficient correlation is calculated along
vith errors and residuals. The printout may be on the
terminal or the high speed printer for future reference.

. The Statistical Analysis System, Scientific Subrqqtine

Package, and the International Math and Statistical Library
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are not ihplemented as of tkis vpﬁblicafion. Future
interaction?reqnireé fufther;developnent;

The statistics routine odtput prbvides la named file
supplied by the user which is an input file tc the plot
routire,

The plot routine utilizes a graphics ternihal or a
calcomp digital plotter, The routine has three plot
commands, They are the X-Y plot, térn&ry plot, and surface
II'ﬁhalysis.'

' The X~Y command will request the user supply a nanmed
file of samples vhich was prbduced from file or search. The
user is then‘prompted for ¢the block and element of ¢the X
coordinate and the ' Y coordinate. A plot is then displayed
cn the graphics terminal. The user may now scale, rotate,

vindow, or change the axis scale for a more precise plot.

‘When the user is satisfied with the plot it can be sent to

the digital plotter or a hard copy can be made, The ternary
plot is the same systém of logic except the user will be

vorking vith three coordinates,

 Tbe surface II analysis (Sampson, 1977) has not been
implemented as of this publication: |

‘The chemical file‘sygfem is oriented toward the user
for a quick and reﬁdy anaIYSis.~; The logic flow of the
entire systee makes it feasible to do large amoﬁnis of data
qﬁalyéis vith the interactive user. The design is flexible

enough to modify véuite'easily and yet. simple to implement.
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The main driver and commands were user language oriented for

easy interpretation.
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h THE LITHOLOGIC CHARACTER oF
‘ ATLANTIC COASTAL PLAIN SEDIHEHTS ~
Iu GEORGIA. SOUTH CABOLINA, Ann NOBTH CAROLIHA
HITH SPECIAL RBFERFNCE TO0 THE 1978 DRILLING PBOGRAH

Joseph J. Lanbiase
INTRODUCTION

The resource potential of | geothernal energy in

sedinentary rocks above the basement rock is dependent upon,

anonq other thinqs, the nature of the rocxs overlying the
basement, and on the availability ‘and circulation of
qronndvater, (Costain et al..’1977). The amount of heat
retained‘ or dissipated is | a“ function of overburden
1ithology, and the groundvater regine deternines the amount
of neat‘ that can‘be ‘conveyed to the snrface.: Recoverable
groundwater also is affected by litholooy since porosity and
permeability control the groundwvater regime,

The Atlantic Coastal Plain is a thick vedge of
sediments of Cretaceous and younger ages that extends from
New York to Plorida. Generally, the wedge,is thinnest where
it abuts the Piedmont to the vest and thickest alonq tbe
Atlantic coast. Coastal Plain sedinents have a varied

lithology that includes 1inestone,' shale, sandstones, and

conglomerates,
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Detailed infornaticn about sediments and groundvater is

- not available for nuch of the Atlantic COastal Plain. It is

the ainm of this report tq suaparize the existing data on
sediments and'groundvater. 'Andther géal is to predict the
1ithologic sequencés that will be encountered in the wells
to be drilled by Gruy Pederal in each state, |
Because of the large area covered by this study (New
Jersey to Florid#), it is not practical to incorporate the
entire area into oné feport;' VPt & SU's 1978 drilling
progtanw is beginning :at‘tﬁe” northern end of the Coaétél
Plain withk the opéraiion progressing southiatd during the
sukner: hovevér,v at the time this report vas prepared, ii
vasnaﬁticipated.that the'dfiliinq program would start at the
sohfﬁiehq of ’tﬁévstudy afea. COnsequently;‘ this report is
resﬁricted to Gébrgia,‘sonth Carolina, and WNorth Caroliha:

other states will be diéoussed in éubsequenf réporté..

REGIONAL sran¢icanpat ‘
ﬁnﬁetons iorkers’have identified stratigraphic units
frem the subsutfac9 and surface of Georqia, South Carolina,
and NOrth Carolina (Cooke. 1936, 1943; nichards, 1950- anong
others), and others have cottelated stratigraphic units over4
much brcaderx areas {Murray, 1961; naher, 1971; Brovn et al.,

'1972{ Richards, 194S; Spangler and Peterson, 1950), The
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results of the latter workers indicate that, generally, the

stratigraphy - of Georgia and North and  South Carolina is

Coiprised of equivalent stratigraphic units that can be
correlated within the tri-state area, and that the

correlaticn can be extended to the Gulf Coast and northward

through virginia, maryland, Delaware, and ‘New Jersey. A

qenetalized«,stratigraphy of -Georgia, North Carolina, and
South Carclina is presented below; it is taken primarily
frcm Brewn et al, (1972), Brown (1974), Richards (1950),
spangler and Peterson (1950), and Cooke (1936, 19&3);

The oldest rocks that most vorkers have identified in
the tri-state area are of Lower Cretaceous age, although
Brovn et al., (1972) report a sequence of Jurassic rocks from

North Carolina. waer Creiaceous rocks are restricted to

‘Georgia and consist of sandstones, shaley sandstones, and

sandy shales. Most reports do not assign formatiopal names

to these rocks, and it is not appropriate to attempt this in

- the present report, especially because the VPI & SU drilling

préqran will not penetrate these units. For this reason,
only rccks of Upper Cretaceous age and ybnnger ﬁill be

considered,

Upper Cretaceous

The lovest unit in the Upper Cretaceous in 1a11vthree

states is the Tuscaloosa Formation which is .priharily




~ Page C~5
sandstone with lenses of shale. In Georgia: and North
‘~Cgrolina; the Tuscaloosa is overlain by the sands and sandy
" clays of the Eutawv Formation; this unit is apparently absent
in South Carolina. The Black Creek Formation overlies the
- Tuscaloosa Formation in. sauthVCarolinaa "It is primarily
- black stale with some fine sands and marl, and is equivalent
- to the Cusseta sand. (fine sand -with clay) of-the -Ripley
‘Pormation of Georgia. The overlying sand with clay bases.of
‘the Providence sand of. éeorgia's. Ripley Formation is
equivalent to the Peedee Formation (sandy shale and shaley

sand vith some limestone) of Forth and SOﬁth Catolini.

‘Ieptiary
. Paleocené. The Clayton  Formation of Georgia is the
only unit of Paleocene age in the tri-state area., It is
.composed of calcareous clay and sandy limestone,

v Eocepe. The oldest Eocene _rocks are the fine sands
~with clay laminations of the Wilcox Group of Georgia, and
the equivalent sands andishales of the Black Hihgo~?ormatioﬁ
in South Carolina and the sands of the Aquia Formation in
North Catclina. .The McBean Formation (sand with siliceous
limpestone ‘énd glauconitic marl) overlies ¢the Wilcox and
~Black uinqo. in Georgia  and South ‘Carolinra., The uanjemdy
‘Foreation '(argiilace0u5>‘:sand)~,is .~ the North - Carolina

~,equiva1ent'of the McBean. The Upper Focene is represented
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by the cCastle ‘Hayme Formation (limestone) in Nortb Carolina,
the santee Limestone and Cooper narl in North Carolina, and
the Tuigqs Clay, Barnvell Sand and Cooper Harl in .South
Carolina.A |

oligocene. In Georgia and South Carolina, the Flint

‘River Formation and the Suwanee Limestone comprise the

Oligocere section. Both are limestone with thé’rlint River
being pore sandy than the Suwannee. oligocehe rocks are
apparently absent in North Carolina. |
niocene. The oldest uiocéne rocks in Georgia"are the
sandy limestones of the ;Tanpﬁ Limestore; there. 1s\ no
equivalent unit in the Carolinas. Hawthorn Formation shales
and liﬁéstones overlie the Tampa Limestone in Georgia, and
are the oldest Miocene rocks im South Carolina, but there
ﬁre no equivalents in VNorth Carolina. Yorktown Formation
clayey fands and marls are the oldest Miocene units in North
Ccarolire. They are equivalent to the Raysor Marl in South
Carolina, but there is no corresponding unit in Georgia,
The uppermost Miocene unit in all three states is ihe Duplin
parl which is a shelly.'sandj mnarl. -
zlggg_ne. The Pliocene is reprcsented by the charlton

Forsation (calcareons clays and 1imestones) in Georqia and

“the equivaient Faccanavw Formation (shelly sands; in the

.carolinas.
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. .ouaterpary |
EIQiEEQQQEQ' The Pleistocene of all three states

consists of a series of sand units ¢that contain minor

<anounts of silt, clay, and gravel (Dubar, '1971). Prcm
! COharie,
Sunderlard. | vicomico, Penholoway, Talbot apd Pamlico
,F°r9#ticns;(Richard$¢;1?§?)-

| | ﬂglggégg; Bolocene sediments include sands, silts and
clajs deposited alcrg the Atlantic coast of all three
‘ states,_'_ho ‘stratigraphic units have been defined for

Holocene deposits.

STATE SUMEARIES

. Esgssia
gosstal Plaip Sediment

The Coastal Plain of Georgia comprises ap area. of about

:86 000 kmz to the southeast of the fall line (Figure C=1.1).

Coastal Plain sedinents increase in thickness to the south

and east with a maximum thickness of over 1, 500 n along the

Atlantic Ccoast of the state (Figure c—1 1). The isopachs,in

Georqia on Pigure c-1 1 vere taken from. Cramer (1974) and

are based on data compiled by Herrick (1961), . Applin and
Applin (1964), and Woollard et al, (1957). Generally, rocks

- of successively younger ages are restricted to areas

progressively closer to the Atlantic Coast.
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Figure C-1.1. The total approxirate thickness (meters)
of Coastal Plain sediments in Georgia, South Carolina, and.
North Carclina. The Fall Line is the vestern edge of the
Coastal Plain. Thicknesses vwere modified from Le Grand
(1968) . The three (3) groundvater regions of the Georgia:
Coastal Plain as defined by Themson et al, (1956) also are.
{1lustrated. See the ¢text for descriptions of <the.

groundvater regioms.
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The lithology of Coastal Plain sediments in Georgia is
gquite variable, Carbonate sediments are abundant in
addition to clays, sands, and gravels. Lower Cretaceous
rocks are 1es§ than 30 m thick in the east but thicken
uestward‘to 760 n 1n‘ éhe southwest (Cramer, -197#). Lover
Cretaceous rocks are entirely clastic and are cﬁiefly sands
(Cramer, 1974). The bpper Cretaceous Seriés (Tuscaloosa
Fr., Eutav Fuw., Blufftowvn ¥m.,, and Ripley Fm.) is 760 =n
thick in the vest central region of the Coastal Plain and is
o#er 304 v thick everyvhere except near the fall 1line
(Applin and.Applin, 1967) . Sinds dominate the 11th6loqy
from the fall line to approxim;tely halfway'fo thé Atlantic
Coast vhere véhales ~and clay§ become - the most abundant
lithology (Cramer, 1974). Sandy carbonates ddminate a
relatively spall area along the Atlantic Coast.
‘ leecceneA,sediments {(Clayton Fm.) are mainly - sandy
limesfcnes wiﬁh scattered batches of sand (COle, 19843).
aaxianmithickgess is 182 m in the southeast Coastal Plain;
tjpicdl thickﬁé§s~;s ‘about 122'fq _(Craﬁery 1974) . Lévet
'Eocené gnits (Wilcox Gp.) dincrease irn ‘thickness from Vovm
near ihe fall line to 243 = on the Atlantic Coast. The
“:centtalvregion is sandy linestone.} This is enclosed by an
area of calcﬁreons sandstone. The coastal . area |is
11mestche,,and sandy,fShﬁle and shaleyfsandstone occupy the
vestern part of the coastal Plain ir Georgia. Middle Eocene

sedinents k(Tallahatta Fm, indv ‘Lisbon Fm.) are mainly
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calcareous sands near the fall line. To tbe southeast, the
lithology becones dominated by sandy linestone, and the‘
central,_ south, and eastern areas have shaley linestone5f7
(Craler, 1974y, niddle Eocene sediments are over 304 n in
the southeast, bnt are 152 to 213 n thick in most places.’
The Up;er Eocene series (Barnwell ?m., Jackson Gp.) 1is
mainly linestone with snall areas of sandy linestone at thed
north. Haxilum thickness is 243 n in the sonth but fev
areas have thicknesses over 61 Re | | -
Oliqocene sediments ‘(Plint River Fn.) are always less
than 1‘2 n thick and usually are less thar 61 n thick.
Limestone dominates the litholoqy, and there are scattered _
areas of sandy linestone\and calcareous sand (Craner, 197&).<
Miocene andrpliocene sediments are calcareous sands and
clays yith some linestone. Maxinmum thickness is 182 n near
the Atlantic Coast. Pieistocene and Rolocene sediments are
restricted to a ‘stripv'alonq the Atlantic Coast andi are
mainiy sands with sandy_shale and calcareous sand (Herrick, |
1965: Herrick and~Vorhis, 1963). HMost deposits areiabout 30v
n thick)'out thicknesses up to 61 m occur along tne dtiantic“.

Coast.

QEQE.Q!..&E : ( , L :
Thonson et al.‘ {1956) have identified three» regions

with distinct grounduater characteristics in the Coastal

| Plain of Georgia (Piqure c-1.1)., Near the fall 1line the
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najor aquifers are the Cretaceous sands of the Tnsceloosa’i
Pornation and the Bipley Pornation (Cusseta and Providence
.sands - Piqursv’c-l 1). Wells producing up to 1 850 gpn
(7003 l/n) have been 'reported (Le Grand. 1962), and most
counties in this region have wells thet produce 200~500 gpm
f(757-1893 1/n - La Moreaux, 1946: Le Grand, 1962).

Coa second groundwater region-occupies a snall area in
&the 'southwest part of the state (Ficure C-1.1). The
principal oﬁuifers are the sand members of(the Focene Wilcox
Gronp, esoecialli the Tuscahona sand, limestone units of
Paleocene ﬂand Eocene ‘aqe (OcaleA lineetone ond‘ c1ayton i
?ornntion), and the Bocene Bernwell rornetion (lhonson‘et'
‘al., 1956). wells in this reqion often produce 500-900 qpm
(189-340 l/n). |

‘The third groundvater region covers, the renainder of .

the Coastal Plein in Georqia (Figure c-1 1. VWells produce
up to 8, 000 gpm (15 141 l/n) in this area, and the principal‘.
\aquifers are linestone (0wen, 1963a,b- Sever. 1965 Thonsonf-
et al., 1956). These include units prinarily of Paleocene

to Pliocene age.

zxneeied Lithelgaig §esnenee . .
It is anticipated that the uells to be drilled inzh

Georgia vill encounter 30-60 m of Pliocene to Holocene sands
vith soge calcareous sand and cleys.' Underlyinq this vill"

be niocene sedinents consisting of 180 m of calcareous sands
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and shales 4ir the southern part of the state and 90  m of
calcareous shale near the north. Beneath the Mioceme units,
-a11 §e11s should penetrate 30 m of Oligocene limeétone"iﬁd
sandyrliiestohe.t From the base of the oligoCene'dep051ts’to“
the 300 a drilling depth, all vells should encounter Upper
Eocene 1limestone. It 4is possible that a few wells will
penetrate a fev meters of Middle Eocene 1limestone at their

bases

South Carolina

Coastal Plain Sediment

The total thickness of Coastal Plain sediments  is
genefally less in South Carolina than in Georgia. The
sediment vedge thickens eastward, and the maximum thickness
attained near the Atlantic Coast varies between 608 n and
over 912 m {(Bonini and Woollard, 1960). In South Carolina,
Coastal Plain sediments have a varied 1lithology that
jncludes carbonates and clastic sands, shales, and gravels.
However, the proportion of carbonates is less in South
carclina than it is in Georgia.

In most ﬁlaces, the oldest rocks in the ‘ Atlantic
Coastal Plain aré Upper Cretaceous in age. They consist’ of’
over 486 n of sands, shales, and marls (Tuscaloosa Fr.,

Black Creek Fm., and Peedee Fo.) o
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l Eocene . rocks (Blacky ningo and McBean Fms., Sanfee
Limestore, Cooper harl,‘«and garnwell Sand) are - primarily
 sands +¥ith some shile, marl, and limestone. The E§cene
seqﬁence ‘cen be up to 213 m  thick, Oligocene éediments
_(Plint'uiver -Fa.) are 1limestones and sards that are 15 m
thick. Up to 90 u of Hiocene (H#wthorn Fn., and Duplin Marl)
shales and_naris with écﬁé limestone overlie the Oligocene
units. :aiocene sediments are in turnroverlain by 8 ﬁ of
Pliocene (Waccamav Fﬁ.) séndé and shell beds. |
Fifty meters of pleistocene sedinehts éomprisé the
uppermost segment 'of the Coastal blain in sbuth Carolina.
These are primarily sands, aithcugh there are mino; amounts
of‘qrayel..silt ‘and clay associated with each of the seven;
Pleistocene formations (Brandywvine, Coharie, thderland,

Wicomicc, Penhkoloway, Talbot, and Pamlico Fms.).

Sropndyater
Several studies have been done on the groundvater of.

South cCarolina (Siple, ij957. 1967; 1975 Calléhan, 1964
Stock ah&r'siplé; 1969) . Thesg'vorks provide a basis for

qene:alizing the"qroundwatef regihe of each stratigraphic
wmit, o : |
N '.Tbe,9ost, important_aquifef;.in South Carolina is the
Tuscalocsa thnatiqn. It covers a iarge afea, is thick, and.

its cba:se sand and gravel 1lithology produce high hydraulic
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conductivities.“ wells drilled into the Tuscaloosa‘rhave
prodnced over 3v500 qpn (13 2ne l/n) (siple, 1915). ; F ,
- lnother najor aquifer is of Eocene aqe and is conprisedlw
of the Santee Linestone, Barnvell Sand and ncBean Fornation.i '
vells are capable of producinq 2, 600 qpn (9 euz l/n) fronv'i
the coarse sands and linestones. . o u
Host other stratiqraphic units in the Sonthicarolinayj
.COastal Plain are low-yield agnifers. An exception is tne
Peedee Pornation uhich is a potentially productive aqnifer
in the uestern part of the COastal Plain because of the high
perneability developed in its sand nenbers. In the eastern

Coastal Plain, the Peedee \is not very perneable and,

consequently, is not a productive aquifer.

Exngslﬁﬂ Lithgleeie §ennenne .

i‘nostlor the heat flowivells to be drilled es part of
ouriib.oaz. progran in tne SOuth carolina coastal Plain
sedinents are located- near the ntlantic COast._ It is’
anticipated that the lithologic sequences in these wells N
vill be sinilar to vells drilled on Pparris Island (Richards,v’
1967) and near Charleston ( Gohn et al., 1977 . A : |

The nppernost units penetrated vill be' Pleistocene o

sands that are 20 & thick. These will be nnderlain by 150 nnb
of Eocene linestone, clayey sands and sands. The final 130.
B will penetrate sandy clays, sand vith clays and silty

sands of Upper Cretaceous age.
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| One well vill be drilled avay from the Atlantic Coast
but should penetrate the lithologies described above vitnf
sole exceptions. M The top of tbe section should be Eocene
sediaents,f and t:tbel vell uill penetrate | further into
Cretaceous sediaents (prinarily sands and clayev sands) than
‘ vells drilled near the atlantic Coast.' A1l the thicknesses
of the' previously described units are»expected to be less
than tbose listed above because »the total thickness of
Coastal Plain sedinents is less in this area. Tt is
probable that a 300 n vell vill reach pre-Cretaceous

baseaent in this location.4

)12!;_11 Carolina
Coastal Plain mnm | |
Near the = Atlantic Coast of North | Carolina, ltbé'i
thickness of Coastal Plain sedinents varies betveen uSG a in
' the southern part .of the state and uore thanv 30#0 B in
nortbern sorth Carolina (Bonini and woollard.’ 1960). The.
uedge thins ivestward. pinohing out near the fall line
(Pigure c-1. 1). i ) C 1, - ﬁ
The Coastal Plain units of North Carolina are as varied:
lithologically as their counterparts in South Carolina andr
Georqia. Hovever,'the proportion of carbonates is much less

in uortb Carolina than in south Carolina and Georgia.
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The cldest rocks in the VNorth Carolina Coastal Plain
are of Upper Cretaceous age (Tuscaloosa Fr., Eurav' Fn.,
Black Creek Pm.; and Peedee Fm.). They are:3§2 to 1120'm
thick, and are sandstones with sandy shale lerses and some
linestones, cleys and marls (Spangler, 1950)

Tertiary units are repreSented-by 14 te 152 mvdf,Eocere
(Castle Hayne Fm.,) clayey sands and sandy lirestone, 167 to
274 m of Miocene (Duplin Marl and Yorktovn Fm.) clayey

sands, marls, and calcareous Sands. and Pliocene and

Pleistocene sands, qravels and clays., Pliocere, Pleistocene

and Recent sediments are 18 to 91 m thick,

E£9!n§ﬁ._s. |

The nurerous reports on groundwater in various parts of
the Worth cerolina Coastal Plain (Mundorff, 1946; Le Grand,
1960; Brown, 1959; among others) indicate that the wmajor
aquifers are the Tuscaloosa, Peedee, Yorktovn, and Castle
Hayne formations. The coarse sands of the Tuscaloosa

produce up to 300 gpa (1136 1/m) vhile the Peedee produces.

7100 gre (379 1l/m). The Castle Hayne and Yorktown formations

both produce up toi1000'gpi {3785 1/m), and are considered
to be najor aquifers.

The Black Creek Formation is a moderate aquifer with a.
productioneof 50 gpm (189'1/:;, some of the Pleistocene
sands are low~-yield aquifer5° other,stratiqraphic units are

unimportant as aquifers.
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Expected Lithologic Segmence

The 300 m ¢e11s that will be drilled in the North'

Carolina COastal Plain should | encqunter the followving

ithologic sequence. All thicknesses are approxinﬁte., The

uppermost 12 m vill be Holocéne' Sands; gravels and clays
vhich will overlie about 8 m of Plioéene sands. Belov the
Pliocene should be.Gd' B 6f miocene sands, limésébﬁés and
parls, folloved by 30 m of Eocene sands and linestones:” i

After the Eocene units, the drill will pass through 156
m cf Upper C:etaéeous sénds'vith pinor amounts of clay. The
finalvuo n will penetrate clays and sandy clays of Upper
cretacecus age. |

The séqueﬁce listéd above is generalized for the'North
Carolina Coéstal Plain. In areas with an abnormally thick
or thin sediment vedge, the thickness of each 1lithologic
onit and the number of dhits'penetrated will be different

from the abéve description.

CONCLUSIONS

The preceding discussion reveals several general trends'.

abont the Atlantic Coastal Plain in Georgia, South Carolina,
and North Catolina. Upper Cretaceous rocks qccount for the
largest volume and thickness of Coastal Plain sediments.

Lithology is complex both vertically and laterally

-
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fhrohghoui the tri-state area, but a major trend is that the
proportion of carbonéte rocks‘ decte;sés northwvard from
‘Georgia to North carqlina;-v .V |
) ,ThekgoSt ipportantA COgstal Plain aquifers also . are of
Upper Cretaceous age, although some Eocene units are highly
ptodhctive.: Generally, the yqunder sedinentgryv units tend
;to'be pcoref gqu;fgrs'thgn_thg older ones. nosg_gellsrto be
drilled“neat the Atlantic Coast in ceorgia, SOuthJCarolina,.
_gngﬁ ko:th carolina dufinq' VPI & SU's 1978 prograe will
,kgénetr;ge Upper c:etaceous “sedinents, and & = few may '

encounter pre-ctetaéeouS'EQSement.
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GEOTHERMAL GRADIENTS IN THE
SOUTHEASTERN UNITED STATES

Samuel S, Dashevsky

Within the period covered by this report, equilibrium

temperature Qradients vere determined in drill holes RL1,‘

BL2, RL3, RL4, RLS, PT1, PG1, and EDY. Preliminary
gradients have been deternined for Smn1, sSm2, PM1, and StF1.

Locations atre shown in Pigure C-2.1; temperature logs and

véradients in Figqures C-2.3 and C-2.4; and gradignts are

tabulaﬁed in Table C-3.1 in the next section. Several more
veeks'are required before the latter group of holes will

reach thermal equilibrium,

An equilibriue gradient was also determined from drill.

hole ED1, a hole drilled by private industry in the slate
belt of Forth Carolina (Figure C-2.1). Heat flow
deterrinations for this site should be completed in the next
report period. » v
Attempts to neasuré an equilibrium temperature profile

in the Jesup well in Georgia (JE1) were unsuccessful due to

congealed drilling mud left in the hole. R prelimindry'

. temperature profile of this well was given in Progress

Feport VPIESU-5648-1.
As reconnaissance to the upcoming drilling program on

the  Atlantic Coastal Plain, a survey vas pade of the

- existing deep vwvells in the Coastal Plain sediments 'bf New
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.- Pigure C-2,1. Locations of drill holes yielding heat
flov values, ' . ' -
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Flqure C-2.2. Locations of existing deep wells loéqed
for geothermal gradients in the Atlantic Coastal Plain.
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Qaetsej, Delavare, '.Barylgn&; and .fitginia. Geofyernal‘
gradients ﬁeré-dgteqnined"for sizteen (16) of these wells,
the lccations of”'which'are'shown. in Piguré ,¢¥2.2. Least~
- .sgnare'gradients for theséiﬁells (?iqures'c-z;S"to C=-2.7)
range from 15.65C/kn 1n-aatiboro: OW to 37.99C/km in Ragovin
0¥, Over small intervals many vells have gradients
exceeding 40°C/km'(fable C=2.1). | . '
Ihe'effect' of water circulation around an uncemented
vell'nqy be observable as unsteadj temperature ueaéurements.
- and ag ubward deformation of isotherms where water flow is
upvard from below. The'interval 210-255 n-at Bivalve Harbor
1 (Fignre C-2.7) may exhibit this effect. Altetnatively.
the decreasing gradient heiov,210 n may be the tesult of a
gradual decrease 4in the thermal conductivity of the
_sediients. ‘Likevise,,doqhwarpinq of Jisotherns as exhibited
in the Ragovin and,“fom's River observation ielisi (Fighfe
C=2.5) nay' be the result 6f fluid mdtion from‘ shallov to
greater Jdepth along the cased vell. (
 Observation Well 1 in Jemes City Couhtj,, virginia
’(Figurekc-2.7) is an .1liusttation of 1ntefna1 pixing and
aquifer communication via a screened vell, Screens are
located at 125 m and 167.5 m. o “
 nnr1n§ the periodi'cq§e:eq" by this report, the |
temperature »1aqginq},1nsttuméntatidn vas  upgraded to a
diqital_well  idqg1nq systen. A'pteciaiqn,,Pluke ny;iinefgr

is,‘iriggered:byr a nricrocorputer to sample a resistance
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TQBLE:C-Z.I SUNMARY OF GEOTHERNAL GRADIPET DﬁTA FOR EXISTING WELLS IN COASTAL PLAIN JUNE 30; 1978

LCCATIOR

ORSPRVATIOF WELL #1
JAMES CITY CO., YA.

OBSFRYATION WELL #5
JSLE OF WIGHT C0n., VA,

ORSFRYATION WFLL #87
SURRY C0., VA. <

OBSERVATION WELL 90A
CEFSAPPAKE CO., VA.

ETVALYE AAKEOR 1
WICONICO CO.; MD.

OCFAN CITY OW .
ROFCESTEP CO., AD.
GFORGETCHN OF
SNSSPEX CO.,. DE.

GREENVPQOD OW

- SUSSEX €O., DE.

LATITUDE T.ONGITUDE

37016457

36958126

37911t33"

36033037

380181 4gn

380264 35n

380429 44w

380490 35n

7608580 49"

T6037% 24w

7608053

760200 18"

7505306

750037 06"

75019 13"

T5C 11843

DATE
LOGGED

s/ 3718

5/ 2778

S5/ 3/78

S/ 2/18

5/10/78

S/11/78

5/12/18

5712718

HOLE
DEPTH
(METERS)

175.0

140.0
351.0
252.5
307.5

219.8

 185.0

190.0

DEPTH
INTERVAL
(RETERS)

50.0-175.0 -

37.5-180,.0
85.0-100.0
110,0-122,5
122.5-132.5

 52,5-350,0

52.5-110,0
112.5-280,0

‘282, 5-350,0

52.8-209,0

T %52.,4-128,9

127.4-174,9
177.4-2489.9

27.5-300,0
27.5-165,.0

167,5-215.0

217.5-260.0
262.5-300.0

52.5-200.0
52.5-150.0
152,.5-200.0

32.5~-185,0
52.5- 85,0
87.5-110.0
112.5-150.0
152.5-185%,0

55.0-190,0 -

122.5-152.5
157.5-170,0
172.5-190.0

*CALCULATED FKON BOTTOM HOLE TEMPFRATURE AND PEAN ANNOAL SURPACE TEMPERATURE,

GRADIFNT
(°c/xn)

28,.67*

23.03
33. 14

1e.Mm

30. 80

27,39
32.20
28, 16
22, 86

30,36

30.56
26.59

35. 15

37.73
35.78
30,39
49,45
36.19

25,93
19.21
39.81

31.55
25.62
44,02
33.06
23,49

36.18
30,57
53.03

30.52

+1.01
+0.54
+0.84
£1.0%

(38)
14
%)
)

£0. 11 (120)

+0. 84
+0..13

+0. 11

0. 16
$0. 13
+0.58
+0. N1

(24)
(52)

(a4)
{80)

(3m
(20)
an)

+0. 18 (180)

0. 16
to. zq
$0.55
+0.29

+0.59

0. 18
£0.29

+0. 130
$0.25
+0.5n
$0.59
0,35

+0. 33
+0,28
+1. 18
21.68

(5Mm
(20)
(18)
(16)

(60)
(80)
(20)

(62)
(14y
(10)
(16)
(1)

(55)
(13

(6)
(8

€€-D a5va




TAULE C-2.1 .SUNEARY OF GFOTHFRNAL GRADTENT DATA FOR ®XISTING WELLS IN COASTAL PLATN &

RAGOVYIR OW
COEBEPY AND CO., N.J.

LOKGPOR™ OW
ATLAHTIC CO., H.J.

OCFEARVYLLE OV
ATLANTIC Co., N.J.

BUTLER PLACE OW
BORLINGTON CO., N.J.

TON'S RIVER OW
OCEAN CO., N.J.

HHITESVILLE OW
HONMOUTH CO., N.J.

ISLAND PEACH OW
OCTAN ce., . J.

MABRLBOLO OW
MONNOUTH CO,, N.J.

3902512

3901g021%
30027154

3905122

39956°09"

40013223"

399489 29%

80022°+08"

Tuo521 120

7402120 08"

780274 01"

74030 17"

Tuo 1200w

T8001°56"

78°05° 35",

Tuo1ae 52w

5/15/18

S/715/18

5/16/78

5/16/18

5/11/78

S/11/78

5/18/18

5/18/18

620.0

220.0
175.0

632.5

335.0.

237.5

822.5

212.5

60.0-620.0

©.60,0-150.0

155.0-365,0
370.0-620.0

77.5-220,0
77.5-110.0
112.5-150.0
152,5-220.0

30.0-175.0
30,0- 70.0
72.5-152.5
155.0-175,0

.80,0-635.0

80.0-125,0
135.0-210.0
215.0-245,0

855,.0-6135.0

60.0-3135,0
- 60.0-110.0
115.0-1A0,0
185.0-195.0
197.5-245,0
250.0-335,0

27.5-237.%

107.5-237.5
167,5-190,0

35.0-6820.0
155.0-360.0
865.0-525,0
685.0-815..0

" 57.5-205.0
“62.5-105.0
:101. 5-140.0
182,5-197.5

JONE 38, 19786

37.85
27.59
42.07

LI Y.

16, 68

' 20.19

83.13
.11

30.03

20,45
~37.00

18,700

- 25%.19

29,03

38,01

26.26

< 18401

26.84
20.82
36.05
5%5. 31

©20.63
16,08

32.89 $0.35 (65)
£0,19 (5%
$0.73 (10) .

. 35.86
81,77

28.23

‘f ’2' 11
"15. 65
. 21.69

15,61

16,64

- 13,18
" 17.56

£0. 1B (112)

+0.58 (1)

+0.29 (43)
+0.26 ¢51)

+0.71 (SA)
$£0.85 (18).
+0.28 (1F)"

+0.28 (2%)

£0,37 (5%
£0.23 (17)
£0.20 (Y
$0.53 (M)

£0.30 (V12)

+1.07 (10)

£0.83 (16)
$0,22 (u7)
£0.08 (7) -

$0.61 (59)
$+0.33 (1)

+0.78° (14)

$8,95 - (u)
£0.79 (12) -
+0.82 (1") ~

£0. 11 (158)

£0.11 (82)

£0.80 (11)

$0.22 (315)

£05 09 460)
£0. 11 (17)
£0.22 (184)

£0. 16 (23)

“heg=) oSed
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thermcmeter at intervals of 0.5 =, The uicrocomputer has

data storage capdhility on maqﬁetic casette tape and is
capable of data selection and transnission via nodenm and
tadiotelephone ~to the canputing ‘Center at VQIGSU in
Blacksbnrg. virginia. | - ‘
Geothermal qradients measured at a rate of 5 n/nin by
this systen reprodnce those neasured by our conventional’
technique usinq a Mueller Resistance Btidge, and do &0 vith
greater precision and hiqher resolntion. ‘ }
ueasntenent of absolnte tenperature at the’ ice point
agtees to vithin o.1°c with calibration tables supplied by'
the sanpufacturer of the thernistor probes. precision of

tenpe:atu:e'meaSureneqts is considerably.better than 0.01°C,
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| HEAT FLOV ARD HEAT GENERLTION
J.K. Costain, L.D. Perry, S. Dashevsky, and B.U. Cqﬁrad

Fiqure C~3.1 shows 1locations of holes drilled to date
by VPIESU in  the SOutheastern United States. Pigure C-3,2
sﬁmmarizés heat flow values. Table C-3.1 summarizes
geothermal gradients, thermal conductivities and heat flow
deteriinatioﬁs available to date for this contract. This
table appears in eack report, beginning with VPIGSU~510§-B,'
and is periodléally updated assthefmal conddctivity and heat
flov determinations are conbleted. 'Slight changes in the
gradients that will appear in Table C-3.1 are the reshlt,of
relogqing these holes as they reach thermal equilibrium.
Changes in qfadients are not expectéd to be more tﬁan‘a fevw
percent: drill hole StF1 (Figufe C-2.4 in previous séction)
vas logged a few days after drilling was conpleted; the
gradient anomalies will be attehuated in a fevw weeks;

Access to twvo holes drillea by‘private industry will
result in nev heat flow values at Spruce Pine,.nc (SP3) and
near lexington, NC (PD1). Both of these holes will yield
reliatle héat flovw values. Changes in the gradient in the
hole at Spruce Pine (SP3) are not consistent with changes in
ihernal éonductivity of core from corresponding intervals in
the hcle, especially over the dinterval belbw about 800 B
The mcst probablé eiplanation for this is deviation of £he

‘hole from the vertical as the depth of the hole increases.
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Pi ure C-3,1. Locations of holes drilled to date by
O vPIESU {n the southeastern United States,
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Figure C~3.2. Heaf flow values available to date.




TABLE C-3,1

SUSNAHY OF HEAT FLOW DATA

LOCATION LATITUDE LONGITUDE  DATE
’ LOGGED
LIRERTY HILL -~ KERSHAN.
PLUTON, LANCASTER Cn,,
S.C.
XP1 38032¢20% goOANISI®  11/18/76
RICN FLPTON, X
PATEPIFLD CC., S.C. ’
wnt 38018088 81°08'42% 75,77
ROXRORC - NETAGRANITE,
PEPSON CO., N.C. .
PX1 36023912 7805800°  S/19/77
Rr2 I60259 319 790010 53% . & /10 /77
R¥Y IRO25939% 780531420 87 /77
SLATE BFLT
PEFSOF CC., W.C.
sp1 : 36919740% 78050000% . 6/5/77
ROLESVILLE FATHOLITP AWD CASTALIA PLUTON
FRANFLIN CO., N.C. :

cst 369080 15% 78007%43% 2/20/78

noLy
vEPTH
(HETTES)

277

578.3

230
218

2115

21,5

210.6

oEPTR
INTERYAL
(RETERS)

316.8-80%,)
338.3-341,8
308, 3-356.8

. 399.3-369.3

371.8-384.3
386.8-801.8

282.8-571.78

146,.8-289.3
N6.8-184,.3
219,3-231.8

149,3~209.3
149,3-189,3
191,8-209.3

138.9-199,9

148, 3-169.9
181,9-198,9

81.7-209,2

142.2-209.7
185,0-210,0

GRADIENT?

(9c/xm)

14,91
14,68
15.06
LYY 1]
1,85
15.00

18.18

10.83
11.03
10.9%

11.20
11.30
11.05%

10.36
10.53
9.00

11,63

19,26
19.06

3

+0,.02
+0.07
20.07
+0.07
£0.06
+0.13

10.08

10.03
0. 06

0. 12

+0,08

+0.07
0,08

0,22

10,137
10, &6

20, 11

40,03
20,12

35y
).
(6)

(6)

M

(220)

(02)
(16)
(16)

25

PIY S

{8}
(18)

6
(&

(66)

(28
2mn

JUNE 3, 1979, C-!.l;i

CONDUCTIVITYS

{(MCAL/CA-SEC-C) (uCAL/CH?-SEC)

7.18
6.9%
7.09
.7.33
7.07
6.98

8.06

8,97
9.08
A, 76

8. 77

8.87
B.58

8.133

8. 80
B.14

8.06

7.52

7.52

$0.57

+0, 487
20,54
+0.20
40.28
+0.69

£0.24

$0.01
0. 11
$0.59

+0.85
$0.21
+0. 73

+0.58
20.67
+0.25

40.66

+0.39
£0.39

v}2!)§

3 e

(5ye

1)
(5) ¢
6r

126y

(32)
(15)
5)

126)
(26)

‘APAT PFLOW

1.06

.. 1.02

1.07

-1.09
1.05

1.08

0.97
1.00
0.9%

0.98
1.00
0.9

0. A6
0, RA
0.73

+0,092
+0.07
$0.0
20,08
£0,05

‘fo. 1
5

 s0.051

+0.061
t0,.021
$+0,081

40,051
£0,031

+0,.081 -

20,0812
£0, 10t
+0,061

40,091

10,08t
+0,0812

6€~0 98eq.




TABLE C-J.1
_RL2

ni
)

|3 A

PETERSRURG GRANITE,

SUSSEX CO., VA.
L)

PAGELAND PLUTON,
LANCASTPR CO., S.C.
PG

LAKESIDE
CUNBERLAND CO., VA.
: Lx? 2

PEGAATITE BELT,

35070 17
350570 05"

350830 36"

350540 17

360490 g5W

30529 02%

370810 25»

789250 04%
78020000"
78919+ 45e

78928° S8

770190 15»

80027°51%

78°08°¢ 52

SUAAAPY OF NEAT PLOW DATA

2/728/78

2723778

2728778

2723778

10721/17

2/7%1/78

9/16/17

212.8

121.9

196.3

291.5

© 283,0

213.4

205.0

29.7-209.7
108.7-128.7
192.2-209.7

- 82,8-129.9

82.8- 95.9
97.8-129.9

58.7-198.7
5‘07- 89.1
92.2-194.7

22.3-209.8
22.3- 69.8

72.3-129.8
. 132,3-209.8

98,7-159.7
197.2-209.7

32.5-205.0

. 32.5- 75.0

77.5-165.0

167.5-205,0

59.3-208.3
59.3- 81.8
121.3-184.3
1684,3-204,3

18,92
17.40
18,71

15,06

13.57

13.79

13.26
S5.23
15.48

16.31
15.57

. 16,02

16.87

18,18
19.20

11.7%
15.31

-10.73

12.83

13.08

11.89

.30

13.31

20.07.
40,18

40,18

20,08
20,15
£0,10

20,27
40,23
20,08

£0.03.

10,22
20,06
+0.0)

+0,08
20.12

0,08
0,23
0,06
0,03

20.07

20,07

£0.17
£0.05

7
9
%

(36)
(22)
(AL

N
(S
(s2)
(76)
(20
(29
32

20

{26)

10
(1m
(3%)
(10

58

(10
(n

.JUNR 3, 1979, €-3.1-2

7.23 20,38
7.30 ¢£0,38
T.16 ¢0. 31

8,03 ¢0.93
8,22 ¢0.70
7.88 ¢1.08

6.67 10.5%
6.57 £0.57

()
M
)

(2n
(12)
(15)

2%
25

1.37 20,071

1.27 20,088
1.3% 20,078

1. 13 20,192
1. 92 20,112
1,09 £0.168

1.21 20,100
1.26 +0, 120

0h=0 38eg




‘TABLE C-3.1%

GOOCHLAND CO., YA.
[ 4.3 ] :

COPrITOUN
EDGEFIPLD, S.C.
ju R

PALNETTO
CO¥PTA €O., GA
pAt

SILOAA
GREENE CO., GA.
sn1

ss2° )

SPROCE PINE
AITCAPLL CO., W.C.
sey

STATE PARYN
GOOCRLAND €O., VA,
sr1 x

370a5256"

33055 41»

33029455»

32027417

33028081"

" 35e58050%

17980%01"

18205377 921777

82007 10"

8"01'58'

83008°53"

830119350

829071 18

T7°88006%

SUANARY OP REAT PLOW DATA

/10718

6/7%1/718

6/%0/78

6710778

$/719/76

$/722/78

200.0

210.0

'.2‘0.0

1220.0

207.5

81.8-201.8
2.8~ 59.3

A16.8-194.3

62.5-290.0

62.5-175.0 .

177.5-290.0

"30.0-208.3
30.0- 82.5
85.0-160.0
162.5-208.3

27.5-207.0
27.5- 55.0
$7.5-110.0.
112.5-120.0
122,5-157.5
160, 0-205.0

 27.5-210.0

209. 1-1059.1

209, 1~ 519.1

‘538, 1- 889.1
849,1-1059.1

27.5-107.5
32.5-100.0

13.27
8,39

- 15.80

16.55
1%.29

17.%9

185.648
16.7a
18,81
16.94

18,56
12.15

- 13.62
26,40

18.50
18.88

18.27

18,85
16.39
18,72

9.36

15,03

15.50

20,15
£0.27
20.09

¢0, 10

20,16
40,08

$0.08

20,38

$0.74
20,05

40, 12
21.20
20.03
t1.39
10.03
+0,08

20,08

$0.13
£0.03
£0.08
$0.07

$0.'10
+0, 11

(65)
(31)

(99
32
(5
a9

(12)

(28)

June 3, 1978, C-3.1-3

6.37 20,99 (80)

7.22 20,38 (3)

6.30 £0,98 (I7)

6.62 21.19
6,72 £1.5%
'6+38 20,97
6. 78 20,98

(88)
35)
(36)
32y

0.8%5 20, 148

1 0.61 20,051
0.97 10, 16%

0.9640.180

1.10 0,251
0.9% 20,15¢
"0.63 £0.091

Th=0 98eg




TABLE C-3.1 SUNAAARY OF HEAT FLOV DATA

102,.5-207.5
PHELPS DODGE
DAYIDSON CO., N.C.
ent 35082+24% 80°02°19* 3/20/78 630.0 50.0-630.0

250,0-550.0

THPRMAL CONDUCTIVITY VALUES PROM 1.270 CA THICK SANPLES
-~ GRADIENT PROM THE SEDIMENTARY COYER OF THF PLOTON
GRADIENT FROM WITHIN THE PLUTOW

PN Ew -
[ I |

15.10 £0.30 (82)

13,58 £0,05(117)
13,11 £0,07 (61)

INDICATES HEAT PLOW VALUE IS THE PRODUCT OF A MEAR GRADIENT AND A HEAN THRERAAL CONDUCTIVITY A
VALUE IN PARENTHESES IS THE NONBRER OF TEAPERATURE POINTS OR THNE NURBER OF THERRAL CONDUCTIVITY VALOES

Joxe 3, 1978, C-3.1-8

Zh=0 938eq




. TABLE 3.2

s

Page C-¢3f

THERNAL COlDUCTIVIT! VILU!S 1T CDR! OF DRILL HOL! SPJ

(SANPLES ARZ 2,680 CM IN DIAMETER 8Y 1,270 CN THICK) -

| RS TEEESEIEBENASTENEECErEETESR ll-ICIS!I‘“.B.-II'GII'I.I---

3,33

SANPLE -DEPTH " THEFMAL COKDUCTIVITY.
WANE (NETERS) NCAL/CH=SEC-0C
I“'t.l"".‘.'.’g"“"‘.'“38‘S‘SRB‘I'.I.'..B"”"“.'..'
SP3-693 211-2 - TY Y
SP3-712 217,0 4,76
SP3-789 260,5 5.84
SP3-793 261.7 7.13
SP3-812 247,5 5.52
SP3-840 256.0 15,50
SP3-841 256.3 - . 5.47
SP3-857 261,2 05,25
SP3-89) 272.2 .. 7.23
$p3-927 282,5 4,38
SP31~-998 304,27 T2
SP3-10S5 "321.6 6.38 .

 sP3-1088 331.6 7.61
SP3-109S 333.8 7.86
SP3-1112 338.9 7415
SP3-1181 347.8 '9.38
SP3=-1146 349.3 7.57
SP3-1179 359, 4 - 7.79
$P3-1198 365.1 9,32
SP3-1231 ;3752 L8
SP3~-1267 386,2 9.03
SP3-1295 94,7 7493,
SP3-1322 402.9 - 7,64
SP3-1382 21,2 - 8,87
SP3=1409 629.5 8,77
SP3-1416 431.6 - 8,37
'§P3<1440 638,9 7.79
$P3I-1504 458.4 3,43
SP3-1545 870,9 5,00
sp3-1574 479,8 . 1.50
SP3-1602 488.3 6070
SP3~1621 494,11

SP3-1652 $03.5 . 8.4
SP3-1657 $05.,0 7,64
SP3~-1680 $12.0 7.5%
5P3-1707. $20,3 4,56
SP3~1719 523.9 7.68
SP3I-1747 W87

532,85
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TABtE.c-3,2 (continued) -

:azauaz,coupucrtvtrr.yanugs FROW CORE OF DRILL ROLE SP3
" (SANPLES APE. 2,680 CM IN DIANETEP BY 1,270 CY THICK)

RIS AN R R AT RS LS EFECEASEFEESTTRERER SEETXRRETER

sAmeLE . . .. .. - DEPIR . THERMAL CONDUCTIVITY
FARE . .. . (METERS)- RCAL/CE~-SEC-°C
";BCSGFSSS_SSSFtﬂltSSSSQI“ttlgtfctttg882‘8’.‘!'#"288.3'8;8‘8
SP3-1766 538.3 .. - 7.02 .
SP3-1800 548.6 : 6.51 .
SP3-1816 553,5 - 8,13,
$p3-1832 558,04 - 6,61 ..
$p3-1873 $70.9 "7.49.
SP3-1877 572.1 ' 3,29
SP3=1896 §77.9 . - 3,61
SP3-1936 590, 1 S.34.
Sp3~1954 595.6 — - 1.28
SP3-2011 €12, 9. _ 16493,
SP3-1097. 639.2 6,94 . .
SP3-2152 €55.9 ¢ .- 6461
Se3-2181 664.8 .. 5,32
sp3-2238 682.1 77,55 .
SP3-2267 691.0 6,85
SP3-2296 699.8. 4.51.
spi-2324 708.4 6.29.
$P3-2331 710.5 - : 6.59.
sp3-2383 . 726.3 : ’ -Se 10
sP3~-2411 734.9 . .5.82
SP3-2469 752.5 7.41
$P3-2527 770.2 . - . 7.08, .
SP3-2534 772.8 . 6,93
 SP3~2554 778.5 - 6437
§P3-2583° 787.3 - T.49
SP3-2640 ~ 804,7 5.98.
SP3-26€9 813.5 . 6.33.
SP3-2698 822.3 6.22
§P3-2727 831.2 7.00
SP3I=2759 . 40,9 ) 6.63
sP3-2766 846.2 ' 6,21
© SP3=2815 856.0 2,91
SP3-2883 ' 878.7 ' 6.53

Sp3-2943 897.0 ' . 6,96




frnaw ‘c-‘3-.-*z' ‘(cdnﬁnnala){'

TB!R!IL CO!DUCTIVIT! VALU'S FROH COR! OP DRILL BOL! SPJ
(SAMPLES ARE 2,680 CX 1IN DIANETER BY 1,270 _CN THICK) .

Page C~4S

.' 8’8*‘8B-BII:‘I8.8'88‘8"RSS‘S‘IG8‘*“88888'.“2"""".'

,u.ga*f”‘

7,73

SAHPLB . DEPTH " THERNAL CONDUCTIVITY
"NAME - (METERS) = HMCAL/CNM~SEC=C".
llast:t:::c:tlss: Itltl::tazszs-:zzctx:t::tt:ssctcultacstﬂill
SP3729“$ 897.6 ' 16.18_
$p3-2969 904,9 = . 5,86
SP3~2999 ‘918,1 " 6480
SP3-3027 922.6 _
SP3=3029 923.2 " . 5.85
. 5P3-3057 931.8 - 8,03
sP3-3104 986, 1 6.16
SP3-3134 956,2 +7 6.8a
SP3-3163 964,11 6,36
SP3I=319% 973.% . . 7,57 :
'5P3-3258 '993,0 6,07 -
SP3-3286 1001,6 8,17
Sp3~3313 1009,8° . T.86
5P3-3349 1020.8 ° . 7490
$P3-3371 1027,5 ~ *16438
SP3=3428 . 1044, 9 o 6e68
SP3I=3457 - 1083, 7' " 7,18
$P3-3488 - 1063, 1 6,33
SP3I=3517 1072.0 8,98
- $P3I-35%88. 1084,5 © 5.0
§p3-3578 1090,6 6,40
SP3~3614. S 1101,8 “1.72
§°3-3635 1107.9 S.90
SP3-3666 17,4 6087
SP3+369S 1126,2 . '
SPY<3722 1136.5 7.56
" Sp3-3750 1143,0 6,98
" SP3-3790 1155,2 . 4.80
sP3~-3829 1167.1 . C7.82
SP3-3839 11732 “T.28
- §P3-3857 1178.6 T ae21
" AYEPRAGE 6,52

STANDARD DEVIATION

ot
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ga check ofi;deviation frol the vertical uill be lade in the'rn

ﬂ%near future.-} The nost rellahle depth interval for a heat

”;ny*f?fflou deteruinatﬁon in 593 is the interval betveeni209-8u9 n.;‘_'

.0 arU. COre”

" he averaqe heat flou oveftﬂhis 1nterva1 Ls:‘

“*]jis available fron SP3 for deterninations of heat generation.~

.:,._fResuns will be qive'"“iin the next Quarterly Report- thersal

7*;fiare ‘gives. in Table c~3.2.:»;;{;Vy?ﬁ‘*'?;‘

:?ijconductivlty values deternined fron core fren dflll hole SPB'

| The ‘value of 1,02 HPO for -SP3, 1s about 10! higher than
':the only other value ln the Blue Bldge, o 88 HPU, _at_Peorr

. '“L;'uountﬁin' va.. reported by Perry (1976).‘ cerrelation of

'flfheat’flou with heat generation night not be 1u5tified for

'}ieither of these locations slnce ~the Blue hldge in theg
‘_;SOuthern lppalachians is allocthonous.iq The average heat_,,

” generation of core froa' Poor Hountain is n 3 HGU.j ‘our

- linear relationship ﬂeveloped to date (see next section)-

; 'Vpredicts a value of about 1.0 H!U at Pocr aountain. or about

- 12% higher thau actually observed.. The heat flov valne at;‘f

| erSpruce ?1ne is 'about the sane as that deterulued by Beiter

/'gkﬁa fSiuilar values jof about

”7“§tg1§ (|965) for several holes“near ‘Aiken

. ”¥"£lou deteraination at Gooc lan 0V

land costain (1973) at tripple Creek, va. about 1&0 kl fron'”

‘'Spruce Pine. rh° 'value al Cripple creet1“‘s;i$gj£o:15‘nru."lr

"e*f;3a Value ‘of . 0.97 BPU., The value cf 1 o HPU thus appears to

“?;f»ube a general background value for the southern Appalachians.7
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.. ;. Hone- of these values have henn corrected for any affects of

_Pleistocene glaciation.5 and such .a correction may not be

. necessary.

| ‘1trhe;,hea€ fﬁioévfde;e:p;ned’by~;nsqzin,;tﬁe;.Pete:sburg
:iqranife athSussex,CQ..,va {PT1,.. Tgble c93,gtiguté 'c,hy is
1,24 .BPU, . Sstudies in,rp:bgtesgzvill ‘attempt to =r9cq£c11e

this higher value 'uith the qgnvity}AQata-,andvsthe; heat
z‘pquuction }qf,,~thef'9etqtsburg~;‘granite“,(see;',follovinq
, secticn).:u | '

. The Rolesville/Castalia plutons continue to offer an
ogpprtnnity;to»_nndgnstand:the physical-significance of the
liuéat relationship.< The heat floi- in\thefnolesville;(nn1,”
,Rlz, BL3, Tahle c-a, Piqure C=U4) does not . folloi the. linear
relationship developed for the rest of the 300 m.y. plutons,

. but is not inconsistent with  p1p;on,th1ckn9ss qsainfgrted

from‘fgrévity_kd;ta;_ ie;neqd ‘additional density <control,
:’a.1§e:nag,cqnduétiv££ylvalﬁés for>£E1,fPTtyLand.wRL3 are
given in rabigsﬂc- «3 through C-3.5, reSpectively.
waeat7:geﬁe:ation values from darill core from . Poor
, nonntain9(7106) .and. the 51ate belt (SB1li&te;~ﬂ;3t1w26 AGU -
; and 3.3#0, 3 HGU, respectively.t- Utanihé; :thotium, and
*potassinn values are tabulaﬁed in. Tables c-3 6 nnd c-9. |
‘G;‘g ,reconnaissance surveyr of - surface : samples Afron
H'Jnatyland plntons yielded values of about QBfS,BGU;v(Tablé

'C-3.8).
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TABLE C-3.3.

THERSAL CONDUCT IVITY VALUES FFON CCRE OF DRILL HOLE PE1
(SAMPLES AR® 2.680 CN TN DIAYETER BY 1,270 CH THICK)

E 2 3 I:t"l:':..:”t2:‘888““3832223-=='=883=.383==I2=-8""" ’

SANPLE DEPTH THEPMAL CONDOCTIVITY
NANME - ’ {METFRS) MCAL/CH-SEC-9C
888'8’8888..38:2’33’!883.3!8===8=E=====IBSSI==:8282’!8":3:'
PF1-388 118.3 5.35
PE1-3978 121,0 8,11
PE1-405A 123.4 S.23
PE1-40SB 123.4 ) 5.29
-PE1-409 124.7 7,94
PE1-413 125.9 4,86
PEI-414 126.2 7.85
PR1-421 " 128,13 5.53
PE1~422A 128.6 5.54
PE1-429 130.8 5,36
PE1-430 1311 5.49
PF1-438A ' 133.5 5,30
PE1-438B 133.5 S5.42
PE1-U44S 135.,6 5.76
PE1-U46A 135.9 5,67
PE1-446B 135.9 5.73
PE1=463A mi. 1 7.39
PE1-4638B 161, 1 5.29
PE1-478 1645.7 8.49
PE1-479 145, @ 8. Ul
PE1-URT 1wue. 4 6.16
PE1-488 148.7 5,48
PE1~-496 151.2 8.24
PE1=-504A 153.6 5,93
PR1-513 . 156.4 6.38
PE1-520 158.5 6.48
PE1-528A 160.9 6,32
PRP1=-5288 160.9 7.7
PF1=-537A 163.6 6.94
PFR1-5378 163.6 5.88.
PE1=-545A 166. 1 7.24
PE1-5458 166, 1 4,37
PE1-545C 166.1 .22
PE1-553 168,5 5.31
PE1-561 170.9 5.57

PE1+569 173,46 5,07
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TABLE C-3.3 (continued)

THERMAL CONDUCTIVITY VALUES FROM CORE OF DRILL HOLE PE1
(SAMPLES ARE 2,680 CM IN DIAFETEP BY 1,270 CX THICK)

EESEXCELETETEEC ST EERES CERE S EE LS CEE S ELEREEEEREE EEEETTEEELLLETE .

SAMPLE: . DEPTH - . THPRNAL CONDUCTIVITY
NARE (METERS) . MCAL/QH=SEC-9C
'=“t‘:“‘:‘:t'.8"‘:“."“‘:‘“-'tlSS‘.‘*"‘.“‘:"‘I“!“

. PE1-572 174,3 : 16,39 -
PE1-5788 ‘ 176.2 . 5.52
PE1-586A 178. 6 ‘ 6,92
PE1-5868 178.6 5.97
PF1-594 181.0 _ 7.42
PE1-5610B 185.9 o 4.46

" PE1=619 188.7 : . 4,93
PE1=627A 191.1 5.36
PE1-627B 191.1 6.69:
PE1=634 - 193.2 6,80

" PEV1-635 193.5 , C 5,13
PE1-643 195.9 ’ 7.16
AVERAGE . 6.27

_ STANDARD DEVIATION : 1.10
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. TABLE C=3.4,

THEFMAL CONDUCTIVITY VALUES F3CM CORF CF DRILL HOLY PT

{SAMPL®S APR% 2,680 CM.IN DIANETEF BY, 1,270 CM THICK)

;st:g::s:g:g::sssi:;::qt::sIiz-arsi:t:h:::-:-:s:::-&st-:s::-

SAMPLE . . . . DEPTR. =~ THERMAL CONDUCTIV¥ITY
TV T (YETEPS) _  MCAL/CH=S2C=-9C
CTENEREWETTEE 'I’tﬂ'l’."." I'_“E-‘IS_:ICI.IS"SI.S ."‘-S‘.’Stsslﬁtl"

PT1-142 43,3 7,61
PT1-150 45.8 7.05
PT1-316 96,2 .99
PT1-324 98,6 6.61
PT1-330 100. & 7.23

. PT1=356 108.6 7.87
PT1=-373 113.6 ) 6,66
pr1-381 16,1 6.56
BT1-390 118.,7 . .40
PT1-398 121,13 , 5,79
PT1=405% 123.% . ) 6.19
PT1-410 125.0 6,87
PT1=423 128.9 6.84
PT1=430 131.1 6,92
PT1-439 133.8 6,48
PT1=446 135.6 6,91
PT1-4S6 138.9 5,65
PT1=470 143,3 621
PT1=478 144,9 6.93
BT1-479 145,9 6,50
PTI-488A 148.6 6,16
PT1-4888 08,6 6.23
PTI=490 149.5 6,23
PT1=493 - 150.4 - 8442
PT1=499 152.0 7.04
PT1=-511 155.8 £.53
PT1-516 187,33 6.97
PT1=823 . 159.4 776
PT1-628 191,3 6€.00
eT1-632 192.8 3.94x
PT1-618 193.5 6,70
PT1=642 1987 7.29
pTi1=652 198.7 6,30
PT1=€6S 202.6 14,42
PT1=675 20,8 13,820

PT1-676 206.2 6,38
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TB!?HII Conbuc‘l’t't?! HLBES !805 cCOﬂE Of‘ DRILE' ‘ﬂot.! P
(Slﬂ?’.gs ARE 2,680 CH 'IN. P ET!FI‘ ﬁ'f Ta 270 N TH!CK) k.
!a::nxs::z::gagsI:h.:t:s:a:z:s::ss:s::::z!:::t:s:sz::-::s::a
SRHFLQ '_Tﬂzaﬂlx- CONDUCTIVIT! :
VARE, ; HCAL/CH‘SEC'°C NS

i Fe :
. s-sxz:tzzxzn:szﬁst: 88‘83‘8!.8‘! ’8!3‘:S*:‘Ulﬂ':‘t&tt’t‘tltttt ¥

. pra-voo;”ﬂ L
LLPTY-718
PTY=723°

zts‘u; £-°

5.32;{’,‘

' f'§.93f‘“”':'
6489

PT1-733. R 151 PR
""-'P'l'1-742’ ) T8 R
S PTA=TS0 6,93
L pr1-T53 . _,;7 03

o PTI=TSE |
L PT1=776
“pT1-781.

© o pT1.790, 7

- PT1-800
L PT~807
S ppe<815

.pT'-737;;:{W Ca

7._2’7 R
T 6857
siss

. 6509 7
Y 5 | R
. B.28

'  PT1-823 ;4" T
'AVERAGE | 6T
sraucnﬂn DEVfATIO’ . ogs1“f
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TABLE .C-3.5.

THERNAL CONDOCTIVITY VALUES PROM CORE OP DRILL HOLF RL3
(SANPLES ARE 2.680 CA IN DIAMETEP BY 1,270 CH THICK)

AR AN IR R T IR NEE R RN E ST ATERR TR AT L RTES

SAMPLE © . "DEPTH ~ THERKAL COXDUCTIVITY ~
_~ NAME . (METERS) .7 ACAL/CH=SEC-°C
cbsttttcs:t:::z:sts:t:tt:s:::::nsg:;tt:::tt:::t::s:t:cg:t:x:
RLI-144 43,9 7.57
RL3-152 o W6.3 7.83
EL3=209 , 63.7 - 8,67 . -
FL3-217 66.1 e 9.62 -
RL3-238 71.3 7.87
EL3=-250 76.2 - 8,93
EL3%258 78.6 : 7.64
RL3<275 . : < 83.8° . 7.
RL3-283 86,3 R 7.90
PL3=291 88,7 8.39
PL3I~299 ' 91.1 » 8.29
PL3-316B. 96.3 i 8,23 .
BRL3<326 : 98.8 - 9.03"
FL3-3492 106.4 8.98
FL3-3498 106.4 8.09
P13-365 , 111.3 6,48
PL3=373 113.7 10.39%
RL3-381 - 11601 . 6445
pL3-390 118.9 8.99
RL3-398 121.3 7.03
KL3-406 " 12642 6.15
HFAN. ' i 8.03
STANDARD DEVIATION = 0.93

*,..,08ITTED TROM AVERAGE VALUE,




TABIE C-1.6

FEAT GENEPATION DATA PROM CORE OF DRILL ROLE V106 . C=3.6-1
HEAT GENERATION,
SANPLE  DENSITY, UPANIUM THORIOM  POTASSIUM FATIO, A X 10=13 -
pETTH o, GH/cMd  (m),PPH  (TM) PPN (K),%  TH/D CAL/CR3-SEC
bl b bt S i LAttt o e e e e Oy T T T F S R L L ey gy g g P ]
(NETPFS) (PEET)
16,1 381 v1060Q (2.67) 0.8 18.9 5.8 23,1 8.8
.1io.o" 390 V1066 (2.67) 0.5 2.0 1.0 0.1 0.8
221.0 725 vioer (2,67 2.8 8.7 6.0 3.6 ‘w2
230.7 757 viosn (2.67) 1.9 9.6 . IXE 5.9 n.0
238.7 770 V106 (2.67) s.a 5.7 5.1 1.2 5.0
237.8 779 v106d (2.67) 8.2 6.7 5.3 1.% E.Q
250.5 A22 YID6K C(2.67) 5.8 7.6 8,9 1.3 5.8
2833 831 vi06P (2.67) 0.5 8.7 3.6 18,2 2.5
256.0 - 837 ¥106D (2;67y. 'ejs,q‘, . 9.1 . 5.3 1.5 hbg.z
2050 - 935 vioee (.67 - M+ a2 s ol 9.8e
128.9 -~ 1079 VIOBR- (2.6 2.9 12.9 6.0 a.a 5.3
332.2 . w090 vI06R - (2.6T) 0.6 5.1 5.7 9.0 2.0
338.0 1109 V6L (2.6T) . 1.0 55 . 7% 5.6 53,2 1.0
R CTYCRS 1130 VIoe T (2.6 - 0.6 1.8 8.0 8.1 EXE
350.2° 1189 CVI06E - (2.67). Y 7.3 - w5 220 S
AEAR VALDPS ' I 2.3 9. m.a - 8.3
STANDARD DEVIATION 2,005 0 e tar 1.26

(2.67) . .. ASSUNED DEPSITY

#everooes VALU? NOT 1INCLUDED IN CORPUTATION OF THE NMPAR VALUPS

ZES*jfésad




TABIE C-3.7 HEAT PRODUCTION SANPLES FROM CORE OP SLATE BELT HOLFR SR1 ‘ c-3,7-1

: ) - HFAT GENERATION,
, SANPLE DENSITY, URANIUM THORIUM  POTASSYNN PATIN, AX 10-313
DFPTH _ NO. GH/CR3 (U) ,PPB  (TH) ,PPH (X),% /O - CAL/CH3-S®C

================='=========r:======:==r=====v==$—"=======-.====::=====‘=====‘=-.-============================
~ (FEET) - (METFPS) .

574 © o118 sR1-175 2.7 2.9 5.1 2.1 1.8 1.1

€54 199 ~ SR1-199 2,75 ¢ 3.1 6.8 1.8 3.6 3.4

178 s} sn1-53 2,76 2.2 6.3 - 2.2 2.0 3.6

261.8 - 80 SR1-R0 2.75 3.0 5.6 2.0 1.9 3.2

504 158 . SB1-154 2.68% 9.0s 6.1 2.0 0,74 7,10

e 120  SR1-120 2.7 1.2 6.5 2.6 2.0 3.6

mEAN 2.75 . 3.1 6.0 2.3 2.0 3.8

STANDARD DEVIATION 0.01 0.1 0.5 0.4 0.1 0.3

*VALUE ONITTED FRON AVFRAGE VALUFS,

75=-0 @3ed




TARLE C-3.8 SNPFACE SARPIFS OF NARYLAND RFCOANAISSANCE SUPVFY Cc-3.08-1
o - L HEAT GEREPATION,

SANPLE DERSITY, GRPARIUN THORINA  POTASSTUR A X 10-13
LOCATION . so,  cn/cn3 {U) ,PPR  (TH) ,PPR (K) .,% x20,7 ‘CAL/CMI-SEC
F1LICOTT CITY nIRNO1 (2.6T) 3.0 17.7 2.7 3.2 S.3
F11L.YCOTY CITY nJ8On 2,72 2.3 1.5 2.8 3.a 5.1
ELLICOTT CITY nJaons . (2.67) 2.6 36.1 2t 1.8 B.2
FT:m YALUES 2.6 28.1 2.9 1.5 6.2
STEXKDARE DEVIATION 0.5 10.8 0.2 - | 1.7
GUILFOPD . " nagnos 2.68- 8.0 12.7 1.2 3.9 7.6
Gr Y1 FORP nJ8002 (2.67) 1.3 1.8 1.8 2.1 1.4
GRITFORD . ; R38O0 -~ 2.62° 3.9 9.6 . 1.= 8.1 5.7
GrILPORD nasoNn (2.€67) 10.7 12.3 3.2 3.8 9.2
GnITFORD o nJBO12 (2.67) 6.5 1.5 3.0 8,1 6.6-
GUILPORD nIso1l 2.6 1.8 1.9 3.8 8,1 8,2
©FAR VALUFS 5.0 10.4% £ | 2.7 5.6
STREDARE DEVIATIOF 3.7 8.7 0.6 c.8 2.8
¥rOnSTOCK : nIROYY - (2.67) . 3.8 15.0 3.3 5.0 5.5
POCDSTOCK nIBOYS (2.6T) 8.5 15.5 3.8 5,1 6.0
O CNSTOCK : nIBNIG  (2.67) 8.7 12.7 3.8 8.1 5.7
EOCNSTOCK S , nI8017 (2.67) 3.7 12.9 317 3.9 5.1
E20DS TOCK o nJro1Is (2.67) - 2.5 1.3 8.0 4.8 8,7
HCCPSTOCK - . ’ ) nJRn20 §2.67) 3.% 13.8 3.3 2.9 ° 8.9
MWODSTOCK. . - - ‘ #8021 2.7 1.6 13.8 3.3 8.0 . 8,0
FNCPSTOCK - nyeo22  2.66 - 0.8 16.1 a.1 8.9 .° “8.0
¥COPSTOCK - nInR02S (2.67) 2.8 17.6 3.2 3.8 5.3
NOPSTOCK nJ8o26 12.67) 3.0 m.8 1.0 © 3.6 8.9
¥NONSTOCK nJIRO27 (2.67) 2.1 17.3 3.8 8.1 8,9
ICHSTOCK nJIR03N 2.57 0.6 20.0 3.9 8.7 8.3
EOODPSTOCK nJeo3s (2.67) 1.2 33.0 6,3 5.2 7.1
WDOPSTOCK - ) nJyAO32 (2.67) 0.5 9.6 n.8 5.8 2.9
waCpsSTOCK : nJysoln (2.67) 2.1 15.3 .5 n.2 4.5
¥NCNSTOCK nJRro3ls (2.67) 3.1 15.2 3.8 8.1 5.1
KCODSTNCK - nJRO36 (2.67) 8,7 1%5.2 3.4 5.0 6.2
WPODSTOCK : nIAN3AR 2.6% 8.2 12.8 3.5 a.0 5.1
F00DSTOCK nJ80219 2.658 8.3 13.5 3.k 5.3 5.5
POODSTOCK LRL LY 2.63 2.3 16.2 3.1 3.8 8.7
HOONSTGCK nynoa2 (2.6 0.6 f.6 5.5 6.6 1.0

G5=0 93%d.



TABLE C-3.8 - SURFACE SAMPLFS OF MARYLAND RECONRNATSSANCE SURVEY C-3.8-2
o : . HEAT GENERATION,
. SANPLE DFENSTTY, URANIUM THORIUM  POTASSION - A X 10-3
LOCATION "~ RO. " GR/CHI (Y) ,PPM (TH) ,DPN (K) % %20,% CAL/CH3-SPC

I 21 I+ F 2 2 F L ¥ 3 F X ¥ 2 T F I X LT T F LT 2 2 I 2 2 2+ a2 R R T i 22 2 2 2R i 22 22 2 T 2 2 2 2 1t 2 31 222 R R 2 2 2R 2 2t R 2]
HOODSTOCK Mnason3 2.60 2.7 6.7 6,0 4.8 1.5
HOORSTOCK nJBOUY 2.6¢€ 0.5 B.6 2.6 3.1 - 2.2
HOODSTOCK nJ8eous (2.67) 1.5 . 15.0 2.6 3.1 3.9
HOCDSTOCK rJRONE ?.5R 0.9 87.3 3.0 © 3.6 a.7
ROODPSTOCK nJ 8047 2.59 3.8 6.3 3.5 8.2 8.0
ROCDSTOCK nJeous (2.67) 2,0 9.0 3.0 3.6 3.3
HOODSTOCK mI8ou9 2.6% 4.4 11.8 3.7 8.4 5.1
¥OORSTOCK nJ 8051 (2.67) 1.0 12.3 8,0 8.7 3.5
WOODSTOCK | nJso0s2 (2.67) 2.5 15.9 3.2 3,8 4.8
HOODSTOCK . nJ80s3 2.66 2.4 1%.8 3.5 ‘8.2 4.6
#OODSTOCK nJ80SH (?.67) 1.4 1.6 2.8 3.4 3.9
“HOODSTOCK ‘ nJIR0SS 2.60 0.5 28.3 8.1 4.9 5.7
WONDSTOCK nJIBRO56 2.58 0.9 22.7 8.5 5.4 5.1
HOODSTOCK nJs0s7 2.64 0.7 18.3 4.6 5.5 8.4
#OODSTOCK nJ 8058 (2.67) 0.9 83,1 5.0 6.0 8.7
®OODSTOCK #J8059 (2.67) 3.7 13.5 3,2 ) 3.8 5.1
HOODSTOCK . nIBORO 2.F8 0.1 0.7 0.2 0.2 - 043

© HOODSTOCK : nJB8062 2.61 1.8 21.9 2.3 2.8 5.0

MEAN VALUES 2.3 16,3 3.5 8.2 8.8
STANDARD DEVIATION 1.4 8.8 0.9 1.0 1.9
BEREA,VA . NIRO0ET 2.60 2.9 7.9 8.3, 5.1 3.9
GUNPOVDER n38063 (2.67) 6.1 2.n 2.2 2.7 8.6
GUNPOWDER n38064 (2.67) 0.7 23.5 8.7 5.6 . 5.3
GUNPOWDFR nJB06S 2.60 2.3 8.4 7.2 8.7 S 8,8
GUNPOWDER HJBORE (2.67) 1.1 27.5 5.8 . 5.8 6.2
GUNPOWDER nJB069 (2.67) 0.7 1.3 8,8 5.2 . 3.2
GUNPOWDFR nJsn7a (2.67) 1.2 29,2 8,7 5.6 6.5
GCUMPORDER nJ8o7s t2.67) 1.5 8.5 3.5 8.1 ‘3.9
GUNPO¥DER nJ8077 (2.67) 1.6 3.2 3.5 8.2 2.3
GURPOWDER n3ao78 (2.67) 1.3 28.2 5. 0 6.0 6.5
GUNPOWDER nJ8079 (2.67) 1.0 19.3 5.1 6.1 5,9
MEAN VAIUES 1.8 16,2 4.5 S.4 6,7
STANDARD DEYIATION 1.6 10.6 1.3 1.6 1.5

(2.67) ¢ « « ASSUNED DEXSTTY

95-0 @3ed
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LINEAR RELATIONSHIP BETWEEN HEAT FLOW
AND HEAT GENERATION

J.K. Costain and L,D. Perry

Figure C-4,1 shows the relationship between heat flow

and heat'generation for all holes available to date in the
southeasterﬂ’,United States, Table C-4,1 sunnarizes heat
flov and heat generation valﬁes used 4in the linear
relationship. With the exception of values derived from
plutornic rocks vith a large geographic outcrop
- (Castalie/Rolesville batholith and Petersburg batholith) all.
of the values define a linear relationship 6f the forms
g = 0.65 ¢ 7.9A
It is noteworthy that: ﬂ

1) Hole SBY was drilled into velcarics éf- the
slate Belt but still falls on the 11ne;;
relationship. This is the only heat flov hole

not drilled into granitic rocks. The agreenment

betveen heat flov and heat generation is thus
consistent with the microcrack model proposed
- by Costain (1978) and -described in Progress"

Report VPIESU=-5648=1, |

2) The values of heat flow/heat generation in the
Castalia Pluton (CS1) are consistent with a
thickness of approximately 14 ke for the

Ccastalia plutonas noted by Cogbill elsewhere in




HEAT FLOW, q (xI0®CAL /CM? - SEC)

Page C-59

q'_? 0.65 + 79 A | csi 1es s

]' T T ] T I 1 1 ! !
2 o 4 j 6 ‘8 L .IO 12

HEAT GENERATION, A (x 10" CAL/CM® - SEC)

Fignre C-4.1. 'Linear télationship between heat
flov and heat generation in the southeastern
United States.
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HEAT PLOW (q) AND HEAT PRODUCTION (A) VALUES F

LOCATION

LYBFRTY HTILI-KERSHAW PLUTON, LANCASTRE €O,, S.C,

LAT LTUDF

LONGITADE

TABLE C-it.1

ROM PLUTONS OF THF SOUTHRASTFERN UNiTED STATES

9, CAL/CHZ-SECX10-6

KRl 340320200 LIS 1.05
RTON PLUTON, PATRFTELD CO., S.C. A

1) 340 1R AN 8100842" 1.47
POXPORO NETAGRANITE, PRESON CO., N.C. .

FX1 36923192 7809581 00" 0.98

RX2 32025131n 79001153n 0.97

RX3 120250 39w 780531420 0.88
SLATE BFLT, PERSON CO., N.C. A

sB1 16010040m 78050100% 0. 94
ROLESYILLE BATHOLTTH AND CASTALIA PLUTON (CS1), FRANKLIN CO., N.C.

cs1 360049 15" 780074 4 3n- 1.84

PL? 36047128 760259 oiyw 1.30
PETFRSEURG GRANITE, SUSSEX CO., VA.

pTY 36949145w 77019+ 15n 1.24

A, CAL/CR3I-SFCx10=~%13

S.4

1002

N a s
* L)
NADON
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| 5'tbis report. We need additionai'values of heat ,
'o~flow/heat generation to strenqthen the apparent
e; cotrelation betveen gravity and thernal data.
v;pAt the present tine we continue to prefer the

jinte;pretation that the physical significance
 ofj Dbisl relate§ to an approximately uniform
p disttibution of beat producing elements down to
‘»a depth-n. In ‘some. locations (RX1, RX2, RX3,
WN1, KR3, SB1) this depth may cortespond to tte
,eftective-depth of penetration of microcracks.
{In“other locations,(cs1,»2bz,[érljithe_qranites
(anditbns u.and.Th) ‘extend beloe"tbe effective

depth of penetnation‘of microcracks and definev
nev'~|enbets . of ‘a' family ofp) curvesfnyitb
ﬂdifferent ’vaines ote b,aas ,sbonn‘”in,‘rignre

cot. 1. o o R

Diffetent' values of D have a. significant effect on

3 snbsntface tenperatutes. Fiqures C-4,2 ‘and c~u 3 show

Subsntface tenperature distributions based on values of D of
7.9 and 1u km, respectively. | ; L
a Optinun~ sites for = geothermal resonrce development
| vonld.; of course, be associated. with thick,, radiogenic
1utons of large areal extent. 7EdQe effects wonld be'
nininal, and subsurface temperatnres could be predicted from'
| lignre C-4,2 or c-a.a. | Fiqure Ce.3 enphasizes 1ndirect1y,f
v;'hoveve:. © the inportance of ,§ggll ‘ plutons high in




DEPTH, KM

N

o

D

1 » l
Ao=20 X102 cal/cm® - sec

Ap=10 X 10" cal/cm® - sec -
| - q=0.65+79A¢0
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2\ 223 20

u THERMAL CONDUCTIVITY OF) = |
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20 &0

figure C-4,2.

- linear relationship q = 0.65 ¢ 7.9A.
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; Temperature distribution based on
linear relationship q = 0.65 + 14A,
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radioelement concentrations but wvith a relatively small
width/depth ratio. The prediction of the subsurface
temperature from FPigure C-4,3 vould require a correction for
a small'éluton: hovever, the greater thickness, of course,
rakes the smaller pluton & more attractive target than a
larger one vwith the Sane concentration of iadiogenic
elenerts, sSmall gravity anomalies mright be attr#ctive
fﬁrqets if thej are gssoéiated'with menbers of a younger
generation of plutons having a greater thickness (such as
the Castalia pluton) but the same concentration of .
radiogenic elements. xithout considering edge effects, the
temperature at the base of 3 km of.sediments increases by
379°Cc if the thickness changes from 7.9 knm to 14 km but the
concentration of radioelements temains at 10 HGU. Ve have
reached a stage in our investigatiqns vhere an attenmpt to
Beasure pluton thickness directly using: reflection

seismclogy is appropriate.




Page C=-65
| GRAVITY DATA IN THE SOUTHEASTERN UNITED STATES
A, H. Cogbill

’Efforts to utilize gravity -data to ~ predict the
10cd£1ons and approxipate sizes of granitic plutons beneath
the Atlantic Coastal PlainA(ACP) have continued along two

lines, First, major efforts have béen made to augment our

.collection of gravity measuremernts made on the ACP, for

there data are more sparse than in the pPiedmont and because
interest in the ACP is understandably high. Additionally,
ve have attenpted to collect rore gravity measurements over

exposed granitic rocks in the’Piedmont, concentrating thus

.far uron those granitic bodies for which the lithologies and

structures in the éurrounding country rocks were more or
less well-understood. In both the Piedmont and the ACP,
data collection ié con£inuinq and 4is expected to continue

throughout the summer, Because the ACP drilling program is

now in progréss, nev -data acquired along the ACP nrust be

reduced and analyzed rapidlj in order to be useful to the
drillinq‘ progranm, JHe are;'cbnfident that we are in a
position “to intetéret’nthe gravity data  along the ACP
tapidlyg hence the major probleh is to obtain those new
Reasurements thoﬁght needed as soon as pqssible. ’

Gravity measurements gathered over exposed ' plutons in
the piedmont mavvbe'ﬁsed»to place bounds upon the minimum

ragnitude of the density contrast between a given pluton and
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its surroundinq host rooks vith the'aid ‘of Parher'sr(iélu,
1975) theory of ideal bodies. Additional constraints‘npon
the density contrast applicable to a pluton are provided by
a detailed knowledge of the 1itho109ies of the country rocks
into which the body has intruded, but such infcrmation is
rarely available because exposures are sparse. | Eecanse we
have little or no geoloqic information regarding the
crystalline rocks lying beneath the ACP, ve gré, forced.to
extrapolate results obtained in the Piednont_beneath the
sedirents of the ACP, In particuler, ifr thel“density
contrast between a 'pluton and its host rooks can be

constrained‘to be larger than a given value, ve can plaoe a:
bound upon the maximue depth to the top of the pluton

beneath the sediments. Having such a bound facilitates thev
rerainder of the interpretation for the size and depth to

the base of a plnton.

Data iss_éisirier |
jtlan;ig Coastal Blajn. Gravity neasurenents‘have been
obtained in three separate areas of the ACP by VPI
personnel, 'These areas are (1) southeastern Georgia and
northeastern Florida, (2) southeastern Nev Jersey, and (3)

sonth-central Delavare. In each of these areas, . gravity

measurements vere made using LaCoste-Romberg rodel G grav1ty‘
peters and vere referenced to established base stations.

The meters used were made available by both the National
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.Geoaetic' snrrey and the 0U.S. Geological Survey and were
models GSB, 6107, and G2, Data acquired in  each of tbe
areas (1)-(3) are tabulated in Tables C-5.1, C-5.2, and
C-5.3. Plots of the station distributions of these data are
given in,Fignres c;5.1, C-5.2, and C¥S.3. |

Ve have also taken ‘apnroxinately 1500 gravity
peasurements fron'cbanpion (1975’.‘ These are all located in
the ACP of South carolina. .In order to further increase the
nuaber of gravity measurements in the ACP of that state, an
independent geopbfsi'calt connany has been contracted to
supply . several thousand gravity neasnrenents rron Sonth
Carolina and southeastern virginia, This conpany“ has been
contracted by ‘the Los Alanos SCientific Laboratory of the
University of . California. neasnrenents acqnired by this

company will beqin to be available in nid-snnner.

‘piedpont. Data"acqnisition in  the Piedmont has been
linited to rtbe innediate vicinity of the Rolesville
bathclith near Raleiqh, nc. " To date ve; have seventy-four
(74) nev neasurenents_in‘tbat region; vitb‘more'neasurenents
being obtained nov.,. These nevrdata ,are"located in the
southern half of the Bolesville batholith.' *The’additional
neasurements will be concentrated in the northern portion of
the batholith vith enphasis upon the castalia pluton, which
lies inmediatelv NE of the batholith. The Castalia is,
anomalous because of its abnornally high heat flow,

considering its measured heat production (VPIESU-S648-1).
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- Figure C-5.1. - Sketch map shoving the distfibntibn of o
gravity - measurements acquired by = VPI ~personnel  in \
southeastern Georgia. S R -
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; Co ‘F;gnte'ces;z.;*-Sketch_nap shbwing the. diétribution of
! <O gravity measurements . acquired by VPI .personnel  in
' southeastern Nev Jersey. o S e
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.Figure~C-5.3.' Sketch map showing the distribution:of:
gravity measurements acquired by VPI personnel in south-
central Delavare. : : I
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The present distribution of gravity measmrements at our

. disposal is shown in Pigures C-5.4 througb c-5.1o, each of

'vrich shovs the distribution of -gravity stations,within the

states'of"interest. ‘For the states of North carolina and

_V@rginia, the distributions are essentially the same as
those provided us by'uonn' that. is, in those states ve have

‘not yet obtained a substantial numbet  of adaitional

ieashrements.~ We ‘do  not expect ,t9\ obtain. Vmsny newv
!easurenents in the states of Nevraersey, Delavare, or

Georqia during the colinq months, However, major additions

will' ‘be made in South Carolina, North Cerolina, and

southeastern Virginia.

Bolesville Batholith
The Rolesville betholith 'is a granitic batholitb

located near - Raleigh, NC - (VPISSD-5103-3).: Five holes have

been drilled in this body for heat flov and'heat production
_deterninations;, At least one of the results to date, thatr

'fron drill hole RL1, is clearly inconsistent vith the linear

.relation hetween heat £lou ana surface heat production

‘.obserted elsevhere in the southeast (VPIGSUf5638'1, Figure

c-1n;. A possible explanation for "this'fis' that the
Rolesville batholith is abnormally deep bereath drill hole
RL1.. In order to estinate the depth of the batholith, ve

have initiatea a gravity study of it.: Resnlts are  as yet-‘
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Figqure C-S.4. Sketch map showing the distribut‘io’n”of
gravity measurements available in Georgia, —_—
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distribution of

ina.

Sketch map shoving the

peasurements available in South Carol

Figuré C-S.S;

gravity
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Figqure C-5.6. Sketch map shoéing the distribution of
gravity measurements available in North Carolina,
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¥iqure C-5.7. Sketch map shoving the distribution of
gravity eeasurements available in Virginia (the virginia
portion of the Delmarva peninsula is not shown). :

&/
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‘Sketch map shoving the

in Maryland.

‘1Fignte C-5.8.
gravity measurements

distribution of
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114u:e‘d-549Q Sketch map shoving the distribution of
gravity measurements in Delaware. = ' -

&/
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' , ?1gure'c-s.io. Sketch map showing the disttibutibn-of
gravity measurements in New Jersey. . . . S T

o
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incorgplete, due in part to the absence of much data in the
northern portion of the batholith. but some inferences

conéerning the total depth of much of the batholith may be

made nov.

Piqure C-5.11 shows the contoured Bouguer gravity field
in the vicinity of theﬂbatholithfas vell as the locations of
the stations used ‘toAproduce the map. Besides the obvious
gravity'minimus_asspciafed with the batholith, there exists
‘an apparent gredieht to the northvest in the regional
Bouguer field, Initialdefforts, to esiimate this regional
trend were described in - the ‘previeus progress report
(VPIESU-5648-1),

Further efforts along the same lines have led to the
third-order trend-surface estimate of the regional Bouguer
field shown in iriqure £-5.12: this surface was calculated
using the orthogenel polynonial scheee eescribed preriously
(VPISSﬁ-Ssue-i)iﬂ'this perticular ”srrfaée predicts regional
values of 0 tole12 rngel over thee betholitb. A simple,
third-erder, least-square's surface fit to tbe same data
predicts values of -8 to 4u mqal over the: batholith, but is
otheruise ronthy parallel to the surface of Fiqure €=5.12,

This cbservation may be used to estimate the uncertainty of

~ the estimated regional field a8 about 8 mgal. Thus, the

naxiﬁun‘anplitnde of the anomaly due to the batholiih is

probablv 18 nqal. This is admittedly a crude estimate of

the uncertainty associated with the surface;, -but may. be

edequate.for the analysis at hand.
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T80 42 . e 77048
36°22'30" - ] : 36%22'30"

Figure cC-5,12, - Third-order trend surface of the
Bouguer - gravity field ip the . vicinity of the Rolesville
batholithk. ~ Bold outline is the exposed portion of the .
batholith. :
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Depsity contrast. A major’ difficalty 4in  the
intetpretation of the batholith is the lack of information
reqardiﬁg ihe appropriate density contrast between the

bathclitﬁ apd its host rocks. This stems chiefly from our

‘'poor kpnowlgdge of the distribution of the major lithic units

surrounding the batholith; the densities of the batholithic

-tocks'theiéglves are known :ather vell from the drill cores

and sutf&@g samples and group ratbéf closely about 2.65
gr/cn3, ' ihe lithologies of the cdnntry’ rocks ihclude
pelitic Edﬁists, granitic gneisses, nafic and felsic
netavcha;ic rocks, and amphibolites. pPensities measured on
surface,sgiples of thése_:ocks range fromlz.sn-2.91 gn/bms,
the higheriaensities being from the amphibolites. The area
of exposed amphibolites is relatively small in proportion to
that of all the country rocks., rpt this reason the
asphiholites are presumed to constitute a negligible amount
of the near-surface mass. This assupption restricts the

range of aliofable densities for the conntrf tocks to the
interval 2,64-2.85 gmn/ce3, The actual density probably
falls somewhere within this f{nterval Sut Bay vary
éystenatically from one locality to another, Clearly,

though, the bulk demsity of the country rocks ‘must exceed

‘2,65 gn/cu? in otder to geperate the -43 mgal anomaly'uhich_

characterizes the Rolesville, In the absence of further
inforsaticn concerning the host rocks, the density coﬁttast

is only restricted‘to the interval 0 to -0.2 gmn/cn3,
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sonzuison gith hgst ﬂ.ev Beasuresents. If ve assume

. that the deusity contrast/heat production contrast 4in the

Rolesville botholith' is constant, then the ratio of heat
flowvanonaly/gtav;tyronomélg rnust alco remain fixeo, because
both the heat flov fioid and the gravitj‘ fieldcdopendvupon
the qeonettical configuration of the source body in the sane
wapner (Sinzons, 1967). , lthouqh ve have no reason to

expect variations in . heat ptoduction contrast to reflect

variations in density conttast, the sinple case of a single

source body having a constant heat,production and constant
density is a case to vhich ve can opply the resﬁlt noted
above, ’Regardtoq the case at hcnd, ve may apply the heat
flow gravity field relation to the Rolesville' batholith if
the fcllouing conditions hold true: |

(1) both beat production and density contrast are
uniform throuqhont the batholith,

(2) heat production vithin the country rocks is slovly-
varying ot constant, .

(3) reliable estiuates £or both the ‘héatcflux fromr the
lover crust and r;the heat‘_flox_'due' ‘to  heat
ptoduction within the country rocks are gyaiiable.

the major obstacles to the'apblicAtion‘of this_method to our.

problen lio‘in~vthevassunptlohﬁthat"the' density contrast is

uniforn‘throughout“*the batholith:"oho thdt“ ve are ~able to

estiuate the contribution, measured over the batholith, to

the . beat flov' ‘field from “the surtounding ‘country ‘rocks.
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violation of the unifors density contrast rule does not
seriously affect our results, provided that the density
contrast varies slowly. | Estinating the heat flou over thei_
batholith due to heat production vithir the country rock isi
nore critical, but, unfortunately, here exist few heat j
production measureuents away from 3 qranitic | plutons.s_
Presumably the beat production vithin the country tocks is |
smaller than within the qranitic rocks- | we have assuuedi.
heat proauction values of 2 5 HGU for tke country rocks. ‘
!he relationship between the beat flov field, ueasured

upon cr near the earth's surface, and the gravity field is f

(Simmcns, 1967)
g(x) = (@nG)!? (l/p) Q(K) | B R ‘ ; o

vhere
q ='vert1ca1 conponent of the rste of heat Elux
V through the earth's surface due to the source,

N

é = Newton's gravitational constanf, |
A s:rute of heat production within the source,
p - density of the body,' o

q sAqravity anonaly due to the source;

‘ Ana

Sk ZRaa LSRN RS PL N

‘ ‘x = position vector of tbe observation point.

ey A Py

uote that (*) assumes that there exists but one source for‘>
both the gravity anomaly and the heat flov field. * uay be“
revritten as ;

;
i
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o= A/2.6  g(x)/a(x) | s

(**) lay be used to estiuate the density contrast from ‘the

heat flov neasureuents. undet the assunptions discussed

, previously. As data for the problen ue have only two heat'

flow and heat prodnction aeasutenents. one at RL1, the other'
at RL2. | There the heat flov and heat production
neasurements are 1‘au,, 1.30 HPU  and 5.6, 6.0 nsn,
respectively. ‘ at sach site the gravity anoraly is 4248

‘agal hovever, the gravity anomaly near RL1 is as yet very"

,poorly defined, due to a lack of data. } Usinq these values

for heat ptoduction and heat flov, ‘and assnning {1 a lover

crustal hoat flov of 0,69 HFU, e value ecdal to the

'lntetcept of'the observed'linear heat flow'?rheat production
l telation, and (2) a contribntion of 0.15 HPU to the heat

flov field frou haat p:odnotion vithin the country rocks.

The ccntributicn froa the countty rocks vas estimated by -
‘assuuinq that the heat sources in ths country rocks vere
‘ unifo:aly disttibuted to a depth of 7 ke. The estimated
| density contrasts ace 0.o9t0 02 and 0 1230 02 gn/oa' for BL1

aad RL2, ' respectively. DeSpite :the : rather ) sinple

_ assnnpticns nade £or the density estinates, each estimate

yields density conttasts that ate enti:elv reasonable, based
upon the known litholoqy of the batholithlc rocks and the
less vell-understood litholoqic vatiations f vithin ther“
countty rocks. Hopefnlly. as additional heat flow and heat‘
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prodnction‘data_are acquired from the_remaining three drill
‘holes within the batholith, these density contrast estimates

will be given further support.

fodelling. Only preliminary gravity modelling of the .

Rolesville has been attempted thus far because of the sparse
data tase over the platon itself. Tvo-diménsicnal nodels
_ have been erected based upon 6bservations ihtérpolated along
profile A-At and B-B1 of Figure C=5.13, vwhich shbwé the
Bouguer anormaly over the batholith after subtraction of'the
observed Bougher field., Using a density contrast of =0.10
gn/cmd, the total depth of the batholifh among B-Bt is about
1u‘ ke, based upon two-dimensional rodels. Prelinina:y
three-dimensional models indicate that this depth should be
increased to 15-16 km, using the sare density contrast,
These depths are lowered to approximately 6.5=7 ke if a

density contrast of'-o.z'gn/cni is appropriate,
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, Pigure C-5.13. Residual Bouguer anomaly after
./ subtraction of the trend

field of Figure C-11,

surface of Figure C-12 from the
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THERMAL HODELING

John Dunbar

* INTRODUCTION -

B 5inﬂthis,‘cbhtract'béfiod tio’therial nodeling computer
programs uéfe‘j déveloﬁéd.;”>rhe7*£ifst? progtai computes
‘theoretical heat flow anomalies in regions affected by
arbittanilyi.shapéa; threefdiménsionalf“radioqénic ‘volumes.
The mcdeling techpique is based on theory .givénjby’sfmmons
(1967) and Plouff (1976) ° The second program computes the’
4 teﬁpetatﬁre"field‘ in & ‘half 'spécé',containihq'i'thtee-
dimensicnal sources and in an ovetl?ing insulating Iayer.
The theory for this program appeared in the last report
(VPIESU-5648=1, pp. C-63 to C-73).

For this report the heat flow progrdm vas used to
generste theoretical heat flov anomaly maps of the Liberty
Hill, Pageland and cnfiytoiﬁ‘Creek plaotons., At present, the_
podel parameters are better defined for these bodies than
fori anj other bodies in the Southeast. Even so, the
infornationvis stili rather,)sketchv. The.'mapsvare. 'as a
: reéult, presented as tentative‘models.tb,dlréct further work
anﬁ vili be ‘modifiqdas the model Vbarametgrs become better
known. The temperature modeling 'prqqraﬁ is used to
illustrate the effect thatvdiffe:ent radiogenlc sources have

on the telpetatura field. Six hypothetical examples are
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given vhich provide sone insight into vhat sort of ‘source is
required to produce a useful qeothernal reservoir.

As a further application. these_ two prograns_ vill

provide a quantitative approach to the 1nterpretation of the

heat flow data that vill be gathered in the Coastal Plain of

.Sonthéstern U.S. in the coming nonths., .\ heat flow nodel of
the radiogenic source body could be developed based on
gtavity and magnetic nodels,vor seismic data, vwhick vou}o
.,reproduce the observed heat flow valugs_ovet'the body.. This
heatvflov_modéi could then be used as thevbasis for a nmodel
of the geothersal field itself, With this approach,

production wells could be sited on the basis of surface and

shallcw-vell measurements,
HEAT FLOW !ODELINGVIH THE PIEDBONT

In order to predict the heat flowv anomaly produced by a
radicgenic body one must be able to estipate the contrast im
the rate of heat production between the body and the country
. rock’ aﬁd_ostimate'vthe size and shape of the body. To
predict the total heat flow, the regional heat flowv fielad
gust also be estinmated. The heat prodootion oonttasfs
as:igned to the plutons considered imn this section were
ccmputed by sﬁbtractinq the average heat productions of

surface semples of c;rolina Slate belt orgillites,

phyllites, and metavolcanics from the -average = heat

U
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proddC£ibns‘ of'sdrf#ce»“énd 'véll samples from the three
plutons, Table'c-6.1’gives the averages of the saanes and
the heat production éqbtrasts betveen the plutons and the
C6nntty rock. ‘The. de&ﬁetriés of these plutons, which were
used in the heat flov models, were taken from existing
gravity iodélé pteparéa;by other workers. "uodels of tﬁe-
Liberty Eill 'and'Paqéiandv Plutons vere given by Bell and
'éopenoe (1976).' The cﬁffytovn Creek pldton vas podeled by
‘A.H. Cogbill (vpzesnoscaa-d,i197e), ‘Each of these models is
Flagued by‘dncéftaihty in the density conftasfv“between the
body and the country Tock. Cogbill fllustrates this
-hncertainfy'in his Pigure Cc-7 (VPI£SU-S648-1,1978), whick
shows that, for a naximuh gravity adoﬁaly of -25 mgals, the
total depth of the model changes from 3 km to over 11 km as
the density contrast is allowed to vary between the limits
of -0.15 and -0.25 gn/cm3, Bell and Popence (1976{ shov &
' s1ni1ar uncertainty for their model of the Pageland'plutqn.
}'vhiéh’faries‘ftou'abbnt '3\km'tovahout_19 kn in toﬁal depth
a5 the demsity contrast is changed from -0,10 to =0.20
§i/cni; This hﬁcertéinty ’in'the. ermettf'”bf the sourcé
bodiés'cAnses a'correspoﬁding uﬁdettaihfy in'ihe theoretica1
‘beat flov anomaly. B ‘ |

" qhe final model ;ﬁiﬁahetef,'tﬁé regional ?héaiihflbﬁ
fiéld;.nﬁy be estimated from the lihéﬁf féi&iionShip between
héif'floé' andiﬁéﬁt'brdauCtiohg;'The'.onlyﬁwéli,aata in the

'Soufheast*fton lééations avaj fron the influence of granitic
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quies is the 0.94 HFU value from VPIESU well SB-1 near
Rgxboto, NC, and the 1.2 HFU value (1.0 HFO = 3,0 x 10-6
cal/cﬁz-secj from USGS well CCCHW1 near Charleston, SC.
(USGS Open File Report 76-148). Neither well is uitﬁin 200
kn of the three plutons,. Therefore; the regional.field vas
assumed to be a constant 0.9 HFU fot all three model areas.
This heat flow corresponds to the average country rock heat
_préduction of 3.08 HGU (1 HGU = 1.0 X 1013 cal/cn3-sec) on
the linear Telationship between heat flov and heat
production (VPIESU~5103-5, p. C~26). | ‘ |

The theoretical heat flov anomalies associated vith the

three plutons are shown in Figure C-6.34, C-6.3B. and\
C-6.3C. If the aséumed regional heat flow of 0.9 HFHN is
added to the three anomalies, the predicted heat flow at KR3
and PG1 would be about 0.96 HFO. At ED1 the predicted valve
would be 1.20 HFU. The actual heat flow .at KR3 wvas
determined to be 1,06 HFU (VPI&SU-5103-5, P. C=5), vhich is
0.10 HFU greater than predicted by the model. If the
estimate of the regional field is in error by 0.10 HFU, thén
PG1 would bekeipected to yield avheat flow of 1.06 HFU also,
and the heat flow at ED1 would be expected to be as ﬁigh as
1.30 EF0. If the estimate of the anomalous heat flow at KR3
is in error by O.i HFU, then either the heat prodncti§p
incteases with depth in‘the ‘plutoﬁ, or,the base of fyg'
pluton is over twvice as deep as in Beli and Popenbeisc

preferred model.rvhich wvould place it near 14 km. In either
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case, it is cleardthaf rore heat flov and heat generation
data are needed in-iheselstddy areas‘before the heat flov
dodelinq teehnique itself can be evaluated.

TENPERATURE MODELING

In the followinq section a series of hypofhetical
rodels is used to denonstrate hov radiogenic bodies with
different rates of heat ‘production and geonetries affect the
tenperature field. The nodel region for each of the six
exasples is'chatee;etized“bj tde paraneters'listed in Table
c-6'2 add depicted in Piqdre C~6.2A,

‘Note that if the heat flov from the lower crust is 0.7

- BPFU, then» a layer vith a heat production of 1,0 HGU would.

hdﬁe to be 36 kn thick‘to taise the regional heat flow to

'tha 1.0 HFU assumed 1n the nodels, This a:tangement was

chosen so that the ,plptes indibe bbdy could be variously:

oriented without penetrating the'base of thisbﬁeat producing

layer and taking on & different heat production contrast,

Piqures C=6.34, c-s 38, and C=6,3C shov ctoss-sections

'thrOugh the model region along the line X to‘xi shown in

Piane C=6,2A. The anomalcus bodies A, B, aud C have heat
productions of 10, 17 and 25 HGU respectively. The coptours '
describe the calculated tenpetature field. o | N

o Ihe amplitude of the thernal anonaly at any point in

the tenperature field is linearly related to the heat




Page C-116
production dontrastf of the body. As a result, the
temperature anomaly at each 1location in Figure C-6,3C is
2.64 (zu/é) timeé larger than the temperature anomaly at the |
same location . in Piqure C-6.3A. 'The heat flow anomalie;v:
shown over the cross-sections also demonstrates this linear
relationship. |

It is important to note from Figure C~6.3 that éfen
iith a heat production contra5£ 6f 24 HGU there is only a
subtle temperature anomaly at shalloﬁ depths. There are,’
however, sizeable anomalies at depth in all fhree cases.,

Fiqures C-6.4A, c-s.ua,‘ and C—G.nc shovw the effect of
changing the geometry of the anomalous body. in “the
sequence of Figures C-6.3B, C~6.4A, ard C-6,4C the larger
plates of the body are shifted to deeper positiqns in the
rodel, 111 other model parameters are held constant. As.
the plates aré shifted, the maximum amplitude of the thermal
anomaly at a depth of 2 km remains nearly cbnstant,vbnt the
lateral extent of the anomaly varies, At a depth of 8 k=nm
the maxipum amplitude increases as the larger plates ire
poved downward, In Figure C-6.4C the plates used in the
other examples are turped on ' end. ‘The cross-section is
along the line Y - Y! shown in Figure C-6.2C, This diagram
demonstrates that bodies with small lateral dimensions do
nct produce large temperature anomalies even if they extend

to great depths.
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Figure C-6.4D ' shbws the effect of doubling the
thlckneés of* éach plate, vhich 4increases the npaximunm
thickness'Acf:~the body “frém 7 kn to 14 km. The heat’
ptqduction in‘the body is 10 HGU, The maximum amplitude of
the tehperﬁtute ‘anomaly at 2 km is about the same as the
maxipul value shown in Figure 3B for the orgional body with
a heat pro¢uct1on of 17 HGU, |
These exanmples wete intended to provide some
underétandinq as to what size plutons with what rates of
he;t'generatibn ubulﬂ‘prodﬁceTS1qnificant therﬁal anomalies.
They also pbint out tﬁo important facts about radiogenically
detived thermnal Anonaliesé (1)’In general, the amplitude of
arihe:ﬁglyanpnali over & tadioqeni&‘boay vill increase vwith
dep(h. Afhe;inérease is dué, in pari, to the fact that the
source is fiﬁite ipd,vin part, to the constant température
Soundary condition'at ~the surface, (2)'The temperature
field is more sensitive to Ydifferences in the source bodies
at depth th;n nearer the surface. This is a direct resuii

. . 1,
of the boundary condition at the surface. These suggest

- that the deeper the production vell, the more critical its

locatioh vill be. This would be particularly - true for hot-

dry-rock vells penétrating:the pluton itself,




80°82'30" 80°43’ 80*37'30"
I I |

Page C-118

- 34°30'

Calculated Heat Flow Anomalies
Liberty Hill Pluton
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Fiqure C-6,1. Contour maps of the calculated heat flow
ancmalies. The areas are the surface outcrop patterns of.
each pluton. The contour intervals for diagrams A and C are
0.01 KFU, For diagtan C the interval is 0,02 HFU (1_HPU‘= &_j
1.0 x 106 cal/ca2-sec). o
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“' Cross-sectional View of Model Region
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the model reqion for Pigures C=6.3A, B, and C, and C-6,.41,
B, and. C, 'Diagram C Shows the mnap viev of the model region
for FPigure C=6.4C, , - T
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Piqure C-6.4., Calculated temperature fields associated
with radiogenic bodies of different geometries. For bodies
A, B, and C, the rate of heat generation is 17 HGU. For
body D, the rate is 10 HGU.




TABLE C-6.1., HEAT PRODUCTION VALUES.
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Source No.
of Same Samples
Ca:oiina Slate Belt 9
Liberty Hill pluton 18
Pageland pluton 3

Cuffytown Creek pluton 2

*personal communication, L.D. Perry (1978).

**VPIESU-5103-4, page C-12,

- *4%¥VPIESU-5103-5, pages C-22

TABLE C-6.2. TEMNPERATURE ASSUMED FOR MODELS.,

Parameter

Thickness of
sedimentary insulator

Conductivity of the
sedimentary layer

Conductivity of the
underlying half
space

Mean annual surface
tewperature

Heat production in the
sedimentary layer

Heat production of the
country rock layer

Regional heat flow

Physical dimensions of
Radiogenic body plate 1

Physical dimensions of

Radiogenic body plate 2

Physical dimensions of
Radiogenic body plate 3

Averaqge Contrast

in HGU in HGH
3.09% ---
5.69%% 2, 60
5.97%%kx 2.88
9. 30%xx 6.21

and c-23,

Value Assigned for Models

2kn
4,0 x 103 cal/cm2-sec-9C

7.0 x 103 cal/cm2-sec=-9C

15°C
0.0 HGU
1 HGU = 1.0 x 10—-t3 cal/cn3-sec)

1.0 HGU

1.0 HFO

20 ke x 20 kp x 3 km

15 ke x 1S km ¥ 2 km

10 kp x 10 ke ¥ 2 kn
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STRUCTURAL CONTROLS OF THERMAL SPRINGS
IK THE WAB& SPRINGS ANTICLINE

P.A..Geiser

INTRODUCTION

This report is a preliminary summary of the results of
a2 structural investigation on the origin of thermal springs
in the Warm Springs Anticlinz in northwestern virginia. The
investigation has suggested an hypothesis cf deep meteoric
circulation on a normal geothermal gradient. An alternative
mechanisn, of a shallow still-cooling pluton, has been
rejected.

The hypothesized system is based on evidence vwhich
suggests that the vpresence of deep zones of enhanced
permeability are associated with cross-strike strike

linears. These linears may reflect structural

discortinuities in the continental plate along which flexing
may be occurring, producing a zone above it in which

extensive fracturing occurs.
THE PROBLEMNM

The thermal springs of Virginia are part of the belt of
varm springs occupying both the vVvalley and Ridge and

Piedncnt Provinces from Pennsylvania to Georgia. A number

<
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of studies on the origir of theséZSprings have beennméde and
are sunmarized by Costain (1975). " In essence, iwovmoaéls
have beeh proposed: a) shallow circulatioh-above a still-
cooling pluton; énd b) deep circulation of meteoric
groundvater structurally cont:olled. |

Beat flow studiés» by Costaih (1976) have showvn no.
evidence for the exiétence of a shallow pluton. An
alternative hypothesis that the springs were controlled by
cross faults associated with a doubly-plunging anticline
(Costain, 1976, p. 40) vas also abandoned because at only a
sinéle location (Palling Sprihgs} vas any evidence of'
faulting found,rand this vas of a local nature, Ins;ead, a
different hypothesis of structural control emerged. | The
theraal springs are localized by a zone of transverse,
Approxinately east-vest, fractﬁring possibly associated with
flexing., Evidence for such a structure was first recogrized
from thctolinears on U-2 and ERTS‘inagery. (?igure c-7.1)
study of’}these linears on topoqraphic maps revealed that
fhey are associated uiih vater gaps; east-west trending
valieys,‘ and appétent. perturbations in the structural
trends. : ' | “ |

Eachbétea of thermal springs area in the Warm Springs
Anticline can be associated vith one’Aof a se§ _of parallel
transverse photo and iopographiclvlineamehts (see Dennis,
1967y . fieid vork has been focused on further‘”defininé

these lineaments, In so doing, it was fully appreciated
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Figure C-7.1. ERTS photos shovingprlineats include

spring locations and location of Fallira inags Linear.
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that the problem  of structural lineaments is a truly
difficult one, the principal problém being that their
identification by uneqﬁivocal structural evidence has yet to
ke accomplished anyvhere in the country. The reason for
this is that possible origins for such lafge-scale features
are, with a fev exceptions, essentially unknown. General
agreement exists that deep-seated transcurrent faults, and
tear faults associated with thrusting, can produce
structptalytlineaments, both of which can be expected to
produce a recognizable set of features .at the surface, in
terms of folding, faulting, and ‘jointing.

This knovledge was used to establish the following
structural features to be mapped. The stfuctures included:
a) joints and joint density (number/foot); b) faults; c)
folds, In addition, a detailed study 6f-zthe Tuscarora
sandstone was made along the length of the west limb of the
Varm Springs Anticline and the Falling Springs Lineament,
The following data from these studies is considered
significant in determining the val;dity of the hypothesis of
deep seated basement motion producinq enhanced éermeability
in the overlying sediments.

Faultings TVO mappable. offsets‘assdciated with east-
vest structures vere found: a) Falling Springs;.,b) Indién
Dr#ft. mapping undertaken by the Army Corp of Enginsers
during the constructior of Gathrigﬁt Dam (Gathright Dam,

James River Basin, Jackson River, VA, Supplement to design
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pesmorandum #11; Geology and Poundatioms; Prep. by Dept. of
the 2aArmy, Norfolk district, Corps of Engineeré.) - also
revealed a similar set of faults. These faults shov both
normal as well as strike-slip components; hovever, the
absolute motion could not be deterninéd. :
29;§§: Folds associated with the éas;—vést sttncture
are the northvard termination of Hide Creek Mountain and the
southward termination of Morris Hill. Particular attention
vas focused on the east-west valley containing Dry Branch.
Oon the west 1limb of Morris Hill Anticline, the Oriskany-
milboro contact is offset by a rapid increase in dip along
strike crossin§ from the south to north side of Dry Branch
Valley. Although there is no evidence of faulting, the fold
seens to have been rotated about an east-west vertical
plane, in effect, twvisted.

A final point sugqesting large scale structural control
can be made regarding the en echelon termination of Morris
Hill and Lick Mountain along the line of pfoposed lineament.

Jointing: Measurement of joint sets in the WRarm
Springs Anticline revealed an anomalous set with respect to
the geometry of the anticline (Pigure C€-7.2) (see Geiser
1976) . Further mapping along the Falling Springs Lineament
has shcwn that this set is the most prominent in this
region., (Figure C-7.3). This joint set is found elsevhere
in the anticline but seems to be puch less prominent further

north, 1A similar observation was made in the Gathright Dam
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Figqure C-7.3. Steroplot of joint data, all data

combined. Contours at 1%, 2.5%, 3%, 4%.
plotted. (data from Sallie Whitlow)

Total of 808 poles
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study (p. 11) in the adjacent synclinorium. Thus the
anomalous joint set cuts at least two first order folds.

Deformation fabrics: Results of a petrographic study
of syétematically sampled Tuscarora quartzite along the
length of 1Little Mountain has produced somevhat ambiguous
results, A series of samples tﬁken across Falling Springs

Gap dces shovw maximum deformation -of the quartzite in the

gap. Evidence for deformation is agiver by sutured

boundaries, deformation lamellea and undulatory and wavy

extinction. Deformation gradually decreases proceeding .

northvward from the gap. decreases, Hovever, it was alsc

noted that strong deformation fabrics vwere found on the
ridge itself and one gap (Dunns) scem to lack any evidence
of deformation,

Two additional considerations are also pertinent in

“this analysis:

1) Oon a regional scale, two other thermal springs can

be found on the same lineament as ¥Palling Springs (Figure

: C-1;1).' Sipmilar alignment of springs appears along the

lineagent through Corington, VA, Other lineaments «can be
recognized containing many of the other thermal springs in
virginia; hovever, the evidence is more tenuous.

2y A final note is the results of vater well drilling
in the varm Springs Anticline. Three wells have been
drilled 10‘ the lineaments crossing the lnticline: in the

vicinity of Varm Springs, in the vicinity of Het Springs, in
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the Falling Springs area., - Two of these wells, at Hot

Springs and at Falling Springs, encountered‘hot vater. No
other hot water has been encountered elsewhere in the
ant;cline at any other drill sites,

At present, the geologic evidence éupports the
hypothesis that there exists a transverse, somewvhat diffuse
zone of deformation which 4is also a zone of enhanced
permeability. The zone appéars to be on the order of two
kilopeters in width. There is topographic evidence that
other transverse deformation zones may cut the Warm Spfinqs
Anticline in the vicinity of Hot Springs, Healing Springs,
and Warm Springs. However, at ¢this point none of the
evidence lcan be considered conclusive, either in and of
itself, or taken together; it is, rather, suggestive,

It should. be indicated that the rature of the strain
associated with the deep seated structure, whose motion is
essentially that of flexing with both strike-slip as wvell as
normal motion, would necessarily produce a zone of rather
diffuse strairn. Thus ‘in pany respects, such a subtle zone
is better recognized by the absence of a set of structures
rather than by their presence,

Cther hypotheses: Alternative hypotheses may be
suggested to explairn the structures found. These hypotheses
are:

1) The 1lineaments rtesult from a step-up due to

thrusting (e.g., Dahlstrom 1970, Harris 1971).
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2) The structures are 1local perturbations due to
interactions betvéen groving folds (i.e., betveen the Olivér
| AHtn. structure and the Warm Springs),
| 3) The lineamgnt is onlj apéarent and due to chance
concatenations of more homdqeneously distributed structures.
| These alternative hypbtheses are held less teneable for
sevetal Teasons:

1) The nwminor structures beiieved associated .witﬁ the
‘lineament cut across several majof structures, but not at
their termination, as they would for the first Eypotheses.

2) The orientation of the deforn&tion effects
associated wvith the 1linear are consisteni over several
structures, yhich vould not be expected under either the
second hypothesis or third hypothesis. |

3) The deformation associated with the lineament tends
. to ipcrease tovards the 1lineament area- and thus ié not
‘homogeneously distributed, aé indiéated} by the third

hypothesis,
ADDITIONAL WORK

Future wvork should take two approaches; a) additional
field wverk; and b) drilling. Additional field work should
focus on defining the lineaments, The best method devised
to date for méppinq these poorly defined structures requires

detervining the areas in which the associated structural
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elements are absent as vell as those areas in which they are
present. This neceésarily requires detailed mapping until
the tounds of the lineament are found. With regard to the
Falling springs lineament, some additioral mapping is needed

to the north both in the Jackson River Valley and on Coles

Mountain., The =most critical area, hovever, is determining

the scuthern boundary of the 1lineament vwhere little mapping

khas been done,

A second target for mapping should be the next most

- promiment lineament, the one passing through Warm Springs.

The procedure for mapping should be identical to that used
to map the Falling Springs Lineament.

In summary, at our present stage of knowledge, mapping

¢f lipears necessarily requires detailed work over a fairly

extensive region (on the order of S0 ka2). It |is
antiCipated that as our knowledge of these structures is
enlarged, a metﬁodology vill evolve, making the vork nmore

efficient.
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