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- Introduction

It 1s the intent of thls paper to present the re-

sults of preliminary investigations of various aspeéts

of a‘ggy sulf'ide deposit in Buckingham County, Virginia, -
It 1s not the writer's intent to discuss all the problems
related to this deposit, to present all of the available
data, nor to propose new ldeas concerning the genesis
of Appalachian sulfide deposits in general., The inavall-
abllity of many critical data at the time of this writing
do not make these attempts practical or meaningful, It ls
the writer's intent, then, to firnish the preliminary data

~and ideas concerning this unusual sulfide body, wnich hope-
fully may be puEEEEq at a later date when more data is avali- -

——

- able,

Location and History of Developement
-

The sulfide deposit 1s located on the property of Claude
W, Morris, on state road 609, 5 miles southeast of Ander=-
sonville, Virginia, and within sight of Willis Mountain,
one of the largest economic kyanite deposits in the United
‘States. Located in the Pledmont physlographic provence,
the area 1s relatively flat. Dralnage is to the south,
} The property, itself, is mostly wooded, though some'areas
have been cleared and are used for grazing,

Qutcrops are extremely limited in the area due to
the deep and intense weathering typical of the Virginia
Piedmont. Thus, structural interpretation must, at pre-
sent, remain highly speculative, Gossan, however, i1s com-
mon, irregularly scattered over the property. It was this

3 ‘ gossan which first attracted mineral exploration to the ares,
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Prior to the California gold rush in 18&9, gold min-
iﬁgIOperations were numerous in Bucaingham County. Oper-_
'ations commonly were gravel washlngs and gossan‘works;
The later involved concéntrétion of smali aﬁGUﬁtS‘of gold '
found in the gossan caps over weathered sulflde bodles,

f Numerous caved pits and trenches, &5 well as 511esvof gossan
indicate that such actlivity was carried out on the torris
property, though there ure.no nistorical records\gf‘g;;ﬁXMd

It 1s of interest to note that several mlnes were de=~
veloped in the area, primarily for copper recovery. The
New Canton, Bumpus, Ford, and Anaconda Mines, now abondoned,
are located close to the Morris propefty (Luttrell,1966),
Recent exploratlon and developeﬁent WOrK has been dcm=-
inated by Canadlan minling concerns. The Virginla Mining
Company (Montréal,Québec) commensed exploration activitiles
in the early 1950's with Dboth aerial and ground geophysical
surveys over large areas of Buckingham County. Aerial
geophysical anomalles were followed up by ground surveys.
Thne presence of gossan assoclated wlth geophysical anom~
alies constituted grounds for drilling. "Zone 24" , the
Morris property, was an area cnosen for drilling exploration,
18 holes, with a combined footage of 3049,0 feet, were
drilled during 1958-59. Self potential surveys were also
carried out {(Hagen, 1958, p, 1-6),
’ Subsequently, Dominion Explorers Ltd. acqulired explor-
— ation rights to the Morris property. North Amerlcon Explor-
ation, of Charlottesville, Virginla, under contract, carried
! out extensive geophysical and geochemical surveys on a new

grid over the property, FPresently, the company 1is conducting
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ehdrilling Operations. 'The data‘?*dm'these mast receént sur;

veys have been made available to the writer. and it is upon

these data, as well as those of the Virginia Mining Company,"

that thls report is based., Investigations concerning soll
geochemistry, gossan, structural geology, and ore textures

and genesis, formthe bases for the discussion in this paper,

Soll Geochemlistry

A soll geochemical survey was conducted by North Amer-

ican Exploration on the Andersonvlille Grid, Sample spacing

was 100 feet on a grid 2000 by 2600 feet, Samples were

obtained through the use of a regular soll auger, at depths
averaging 6" below the surface, and in any case, below the
organic layer, The samples were then dried and sieved to

""}‘\/\ T {L \\J\-"“\ ;
-250 mesh, The fine fraction was then dissolved in acld and

analyzed by usual atomic absorption techniques.for Pb, 2Zn,
Cu, Co, and Ni, and the results were plotted on the grid map.

From this data, histograms were plotted for each element

to determine the so called “"backround,” "threshold," and

"anomalous™" metal values (see Hawkes and Webb, 1962, p.
28-31), The acconpanyling geochemical contour map is the
result of first contouring all metal values on 5 to 50 ppm
intervals to obtain accurate areal trends 1n the metal
content of the soil, To eliminate confusion, an overlay
of each metal contouring was made and one contour line,
enclosing anomalous values only was plotted (Plate I), The

wresent map, then, is a contourlng of anomalous metal values

L(no anomalous N1 1s present}.,which also shows proJected ore

ﬁﬁfbody outcropping. ahd other pertinent data."'

-, -
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A superficial glance at fhe gontour maﬁ will shpw that
‘no simple geodhemlcal pattern'is preseﬁ€. This 1ﬁpféssiqn
is stfengthéned by the fact thatfthélanomaious contouring
is a simplification of an even more érfatfd primary contouring.,
This, however, is to be, in part, expecﬁed in an area of
active human activity which undoubtedly contaminated the
area (eg, the ¢mplacement of metal feneges, dlscarded galvan-
1zed buckets, etec.), as well as having caused artificial
transportation of anomallies (eg. by plowing, grazing, etc.).
Thus, at the outset, any interpretation of the data must be
prepared to deal only with the general trends in the geo-
chemical patterns.

Several general features of the metal anomaly pattern
may be noted, Flirst, and most slgnificant, anomalous metal
content of the solil is confined to an ar%? south of theabase-
line, The abrupt termination of snomalous values for all
metals at or near the base-line 1s spectacular, .especially
when contrasted to the highly irregular boundarles to the
south, Thus, & sharp northern boundary and an irregular
.boundary for anomalous values ls the major characteristic of
the pattern,

The exceptlons to the above mentioned brdbd anomalies
are the unusually sharp contours of zlnc and cobalt, Anomalous
zine contouring is highly irregular and does not appear to
relate to the broaq;patterns. Cobalt anomalies are striking
in that they are Eégﬁly linear and, for the most part, are
o unrelated to the patterns caused by the other metals, (Dis-
i cussion of the cobalt anomalies is defferred until a later

section),

-
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) Finally,_it 1s of . 1nteresb to noce the‘gossan'distributipn.
Clearly, the outlines of the distribution are strikingly '

- -similar to those of the anomalous metal contours. l.e. it

has & rather sharp northern termination and a more 1rregular
southern boundary.

Interpretation of Geochemical Data

The goal of the interpretation of the geochemical data
was primarily to determine the locatlion of the sulfllde body
responsible for the aifmalous metal content of the soil,
While drilling datdwggvallable before an lnterpretation
was undertaken, thus rendering any conclusions virtually
infallible, it 1is feit that on the basls of the geocdhemical
data, alone, an ‘interpretation leading to the d;scoverypf

"ore" 1s possible, When drilling and geochemical data are

consldered together, the resulting explanation of data may

© prove to be a valuable guide in exploration in other areas

of the Virginia Pledmont.

The mobllity of the varlous metal lons under "surface
ponditions" 1s a fundamental phenomenon which must be con-
sidered when interpreting the results of a geochemical sur-
vey, Tor the mobllity determines the migration of anomalous
metal values, and thus the present anomaly distribution,
Among the metals plotted ,on the map, Pb, Z2n, Cu, and Co, the

following mobllities are reported by Hawkes and Webb{1962,

p. 359-377)1 |

*

Lead: 1low
Zinc: high
Cobalt:moderately high
Copper:moderately high

Thus, metals such as lged wlll tend not to migrate far from

[RSTIRFEY
.
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it source, while zinc.is readilly dispersed by such actlions.

‘a5’ ground water movement, surfeee run <off, etc.

| Clearly;:then, the slope and dréinage'pf an area &re  B
extrehel} 1m§orténf in ahy considefat;on'of‘geobhemical
patterns,as the movement of.groﬁnd water.'sﬁrface fun-off.
and soll creep, éll factors 1n geochemical dispersion, are
controlled by them, Thé Andersonville Grid shows a slope
and drainage to the south, practically parallel with the
side-1ines of the grid.

The elementsl mobllity and the grld topography, when
considered together, immedlately indicate that the source
of the metal lons 1s located in the northern portilons of
the anomaly pattern. The shape of the anomaly contours are
in complete agreement with this idea, Anomalous lead is
confined to a narrow belt on the northern edge of the anomaly
pattern. Being relatiﬁely immobile, 1t is confined to

an area near the proposed source, Copper values have a

"sharp northern limit and "spread out" towards the south,

having been transported south, possibly by gfdﬁnd water,

Anomalous zinc values, while erratic, are generally confined

to an area south of the base~line, Being highly moblle,
it is expected that zinc distribution would be profoundly
affected by ground and surface water movement, The presence
of a stream, generally following the zinc anomaly in the
southeast, confirms this fact, and, in addition, indicates
a source to the north of the present anomalous distribution,
A question may arise -as to whethef'the present pggéérn
of anomalles 1s resldual or transported, It is felt that
the later 1s responsible, The idea that the soll geochem=-

ical anomalies are residual is supported, however, by the

P S . - [ Cor [N R
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fact that the distribution of non-transported gossans,

‘dirépti&'dérife&-frdm ayparenﬁ'suifide boﬁyﬁfis,cdngruOuS"

to the geochemical anomalies, The gossans are necessarily"H

_derlved frbm material directly beneath them or are residual

| representations of a sulflde body once above them, | since

having been eroded away, Thus, the congruence of the gos=-

san-geochemical contours may represent a resldual pattern,
i e .
i.e, a pattern which has riot been, changed by subsequent

ground water action, A provlem zrises, however, wnen the
lead anomaly curve 1s& conslidered, If the anomalous metal
contouring 1s representative of a residual pattern, why 1is
lead confined to a small portion of the patten and not
ublqulitous? .

The so called “lead problem" has lead this writer to
believe that the present geochemical pattern is the result

an

ol extensive transportation of the metal %ons from a discrete
source, ¢ 1s Telt that the 1ea@, being immobile, 1s located
close to the source, and that the copper and zinc ancmaly
patterns are consistent with the idea that'transportation
§outhward from a linear source explains the geochemlcal
distributions, Copper, being moderately woblle, shows a
brddd "wash" to the south, while zinc, being highly moblle,
snows a strong association with the soutward draihage pattern,
Therefore, on the basls of surface geochemical data
alone, it is thought that the present distribution of an-~

omalous metal values in the soll, reflect transportation

soubward from a linear source on the northern edge of the

" anomaly pattern, The Increase in size southward of the Pb,

Cu, and Zn patterns are counsistent with the "transported

-

anomaly" proposal because of the respective increase in mob-

-

[T



. ' 1 \ B
PRSI TAJOD lasn

S foiedel} (8) e,

11ity of the metal ions, The source of the ions, then,

nust be eclosely related to the lead anomaly, Projection

of the strike and dip of the ore body to the surface, based

on drilling data, shows this to:be the case,

The attltude of the source may be further analyzed

on the basis of gossan distribution. As explained above,

; o the gossan must appear elther directly over the parent mat-

i erial, or be derived from sulifides once over their present
location, The sharp northern termination of the gossan dis-
tribution, and the irregular southern boundary, considered
in conjunction with the geochemical data, then indicates that

! o - the sulfide body outcrops at the northern gossan~-geccnemical

,‘n‘ 'L \,,Q_wx\\r Jtl\l"‘, v,
anomaly limit, and dips to the north Hence, no gossan 1is

S TP S

present. over the unweathered portions of the sulfide body,
but is present over those areas where thf sulfide deposit has
been eroded away, ’?
Finally, itﬂremalns to be mentioned,data relating to
the geochemical expresslon of ore at depth. From drilling
information, and the anomaly éontoufs. it appears that anomal~-
ous metal content in the soil appears only when the ore is
et a depth of less than 75 feet below the surface, Thus,
traverses in the direction of dip show a sharp decrease in
metal content of the soll, beyond the northern anomalous limits,
In summary, 1t appears that the low mobllity of lead
allows the conclusion that anomalous lead values lie immed=-
iately near the source of the ions, and that the other metal
. lons , belng more mooile, are nore dispersed away froﬁthe
| source, Gossan distrlbutlon. correlated to soll geochemlstry.

may indicate the location and attitude of ‘the sulfide source,
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Thus, when geochemlcal ancmalies, gossan distribution, topo-

graphy, and drainage are considered together, they may be

reliably used to locate ore,

Gossans

An investigation of gossiis of the Andersonville Grid

was undertaken primarily to distinguish a "good" goésan.

derived from sulfides other than pyrite, from the pyrite

gossans which are common in the

Virzinia Pledmont, The

problem of distingulsning the two types 1s noted by Hagen

(1958, p., 9) in a preliminary survey of the area, Thlis sur=-

vey was limited to the study of

gossan samples themselves,

and not their areal distribution on the grid, Much of the

gossan on the grid has been pilled.up in selected areas,

probably by early prospectors,

Each pile has been shown

LY
to contain several varletles which probably did not originate

in the same area, Therefore, the distribution of the gossans

over the small grid area is not

thought to be significant.

Approximately 25 gossan samples were collected on various

ative samples of wvarious 1ll-def

were then described in terms of
color, and cevity filling, The
below, Pleces of these gossans

to =250 mesh, totally dissolved

‘parts of the grid, Of these, 10 were selected as represent-

ined types, The 10 samnples
hox-work structure, limonite
results appear in the table
were then crushed and sileved

in acid, and analyzed by

atomio absorption techniques for 2n, Cu, Pb, Ni, Ag, and Cd,

These results are also snown on the table,

In olassifying the gossans, the samples were ilmmediately

dlvisﬁble by the presence or absence of box-work and/or sponge.

YO A
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Samples AGR=-1,2,4,9, and 10 are classified as amorphous
samples, Though some spongy areas are present in most of
these samples, they are extremely ill-defined. It will be
noted that many characterlistics of these amorphous samples

are attributed to a pyrite parent by McKinstry (1948, p.

268)., As seen from the table, the metal values are character-
istically low for these sampleé.

Among the remaining samples, AGR-3,6,7, and 8, all showed
well developed box-work and/or sponge. At the outset, it
should be noted that much of this structural developement
1s due to the oxidation of pyrite. Most notably, those
thin-walled, angular cells, commonly of cublc hablt, which are
lined with black or irredesent limonite, are thought to be of
a pyrite origin (Boswell and Blanchard, 1927, p. 430-1),
Also, thick-walled cells of irregular or rounded shape,
correspond excellently to descriptions of pyrlte gossans
(McKinstry, 1948, p. 268). From drilling data, 1t is known
with a large degree of certainty, that the major component
of the ore 1s pyrite, and it 1s not unusual, then, to find
that most of the Andersonville gossan shows structure and
colors due largely to the weathering of th_at mineral., The
following 1s a summary of textural and colorimetric char-
acteristicaof those portions of the gossan samples which are
thought to be derived from a sulfide other than pyrite.

Chalcopyrite: as will be noted 1in -the téble, samnples
AGR-6 and 7 show copper values significantly higher than all
other samples analyzed., These two samples show the following
characteristicsyhich are unidue to them among the other
ten sampless 1) patches of bright yellow-orange ( BRock

color chart No, 10YR6/6-6/5) color, All other yellowish
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: pauches ere of o darker hue, 2) The yellowlsh color 1s- GOH',:

‘1ned to granular 11monite which ‘1115 subanSUIar, thin-_
walled box-wqu, which 1s usually less than_lmm acrbss.
Yellow—ofangercfoss-webbing in the box—work was glso‘obéerve&.
TheSe observations correspond to McKinStry's description of
chalcopyrite=derived gossan (McKinstry, 1948, p. 270),

It should be noted that limonite-filled box-work is not
characteristic of gossan derived Trom pyrite,

Galena: though galena is not common in the drill core,
sample AGR=-8 shows an unusually high lead content, TFurther,
the gossan texture and color correspénd excellently to de-
scriptions of galena-derived gossans from wildely scattered
localities given by Boswell and Blanchard (1927, p. 431=4),
Cubic box-work, arranged irMong parailel rows, corresponding
to "cleavage" box-work, is well i1llustrated in sample AGR-8,
Relatively thin,‘sillceous cell wells, encrusted by "sintvered
limonite" enclosing brick-red, grznular limonite, 1s thought
to be characterlstic of gossans derived from material con-

taining considerable asmounts of galena, Large areas of empiy,

* cubic box-work, derived from pyrite, are present in thd§amp1c.

Sphalerite: sample AGR-3 shows the highest Zn content
of all the samples analyzed, The gossan sample 1s dark
brown, tough, and highly siliceous, which McKinstry (1948,
p.272) and Boswell and Blanchard (1927, p. 430) believe
to be dlagnostic of a sphalerite-derived gossan., Further,
the EIean. limonite-free, cells, occaslonally intersect at
acute angles, strongly suggesting that fthe gossan was de-
rived from a sphalerite-rich sulfide aggregate (McKinstry,
1948, p. 272). |

z
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In summary, 1t appédlts from the limited numbef of
samples studied, that the Tollowing characteristics denote
growth of a gossan from a parent ma#erial dtﬁer‘than pyfite;
1) thin-walled, angular béx-work, filled Wlth'orange—yellow
granulanlimonite denotes & chalcopyrite derivation,2)
cleavage box-work may de characteristic of a galena derived
gossan, and 3) highly siliceous, tough, Jasper-like gossan
with thin to thick walls, intersecting at acute angles, is

thought to indicate derivatlion from sphalerite,

Structural Geology

The structural geology of the Andersonville area 1s
in a rather crude stage of interpretation., The practical
non-exlstence of outcrops on the éxploratlon grid, the lim-
ited extent of the drilling program to date, and the lack
of a large scale geologic map of the area under consideration,
place severe limltatlons on arny structural interpretation,
However, reglonal geology, a geologlic map of an adjlacent

_Quadrangle, as well as drilling, geophysical, ard geochemical
surveys of the grid nave assisted 1ln working out a reasonable,
though far from,équivocal interpretation of the geologlc
structures in the ore-zone area,

A core model was complled from the logs of 18 drill
cores (Hagen, 1958), The core itself has since been destroyed,
The various lithologles encountered 1ln each core were plot-
ted by color code on separate plexiglass panes, Each pane
was then areally located by collar coordinates, forming
a three-=-dimensional model, With the aid of the model, the

attitude and posgsible prolections of the ore zones were

r - ER P - - e e [T p— e e et e e ety _ .
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made considerably more simple, It should be noted in the

discussion whioh follows, nowever, that the areal distrlnution
of the drills holes is rather small, thus the evidence‘;
of relatively 1arge scala structural controls may not ap-

pear on such a model,

General Geolopgy

The Andersonville Grid lies in the central portion
of the Virginia Piedmont, which 1s underlain by late Pre-
Canbrian and early Paleozole rocks which show strong and
complex deformation., It 1s clear, from the Geologic Map of
Virginiae, that the major structural trends in the Buckingham
County area, including the domindt Jemes River Synclinorium,
are congruous to those of the Appalachlans in general, show=-
ing a strike to the northeast.
rounding area, are metasediments and metavolcanics, which
comprise the Lynchburg and Catoctin formations, and the

Evington Group of LEspenshade which includes the Candler,

+ Archer Creek, and Mount Athos formatlons, which lie over the

Virginia Blue Ridge Complex, The Scottsville Basin shows

Trlassic sedimentary units in rormal fault contact with

———

the ~older metasediments., Long, linear, or more c¢ircular
stock~like bodies of hornblende gabbro, of unknown age, in-
trude the metamorphnic rocks.over large areas, Dlabase
dikes of Triasslic age are common, striking north to north-

east,

Geology of the Buclkingham Quadrangle

The Andersonville Grid lies approximately 3 mliles
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south of Enonville which, in turn, 1ls located in the south-

"eaﬁﬁ'corner of the BucKingham Quadrangle, mapped by Ern (19568).

‘Though Andersonville does not lie down-stiike of Buck-

ingham structures, é brief resume of ﬁhé ggqlogy of this
area may ald in establishing a structural ffamework forthe
area of interest,

The major structure in the gquadrangle 1ls the Jamedilver
Synclibrium, striking northeast, containing the formations
of the Evington Group, including schlsts, quartzltes, mar-
bles, phyllites, and greenstone. The varlous rock units are
repeated across strike, reflecting folding and Taulting,

The northwest area of the quadrangle includesg the Lynchburg
and Catoctin formations, forming the southeast limb of the
Blue Ridge-Catoctlin Mountain Anticlinorium, The rocks ex-
posed 1in the Arvonla Syncline, 1nlthe southeast quadrant,

are younger than those of the Evington Gmoup and the Catoctin,
Masses of amphlbolite are intruded along the southeast flank
off the synclinorlium "as concordant sill-1like bodles which

have subsequently been folded, Slimilar extenslve masses

,but of a more baslc character are associated wlth the Lynch-

burg formation" (Ern, 1968, p. 5). All pre-Triassic rocks in
phe area have been subjected to reglional metamorphism of the
quartz-alb1te-mu$covite-chlorlte subfacles of the greenschlst
facles grade (Brn, 1968, p. 1).

The Candler formation, the largest mappable unit 1h the
quadrangle, is composed of schists and phylllites of various
compositions, "In the central and gﬁuthern portions...maflc
end ultramafic sills intruded, and were folded with the Candler

formation" (Ern, 1968, p.1l1).
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. Ceolomiy of ‘the Ardersonville Grid Area

Study of ‘the model based on drllling data, shows two
parallel, tabﬁlar sulfide bodies of Qariable thickness (av-~
eraging 15 feet) striking N50-60°E and dipping between 20
and 350 to the northwest, The dlp is uniform to a deptn of
approximately 370 feet, beyond which dzilling data_ié_not
available, Whille the ore zone arpparently thins slightly with
depth, and shows variation in thickness along dip, it can not
be described as lensold, & chnaracteristic of many Pledmont
ore bodles, Brecclation and shearlng are present in many
areas of the core, Hagen (1958, p. 167) notes that the
gneissle texture i1s highly concorted in the ore zone area
of some of the cores, folliatlon showing variations up to 60°
from the surrounding country rock. The upper sulfide zone
occurs largely 1n_hgrnb1ende gneiss, whiie the second zone is
largely contalned in a quartz-biotlte schlst, These two host
rocks, along with minor thicknesses of quartzite schlst,

quartz-sericite schist, and quartz-kxyanlte schist, which

‘are apparently lensold, are the only major lithologic types

present, While Hagen {19583) does not note the relatlonship
between follation ani the dip of the ore zones, iv is ap-
parent from relationships shown in the model, that the zones
do not follow follation, the same ore zone commonly cutting
bothliithologlc types. The structure of the host rock is
apparently quite complex, and 1s not readlly determined from
the model, though tight folding or faulting is strongly
suggested,

The soll geochemical data, dlécussed meore fully in a
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preceediqﬁ sectlion, is mentloned here only to point out

two genefél features of the anonaly patterns which may have

a bearing on a structural interpretation, The most obvious

feature 1s the long, wide anomaly contour surrounding the

projected ore-body outcrop, The anomaly abruptly terminates
northward, reflecting the dip of the sulfide body in that
direction., In striking contrast to the broad Pb=-Cu curves,
the Co contours are long and narrow, Of particular note is
the lineation of the contouring along the southeast corner of
the grid, and the vaguely linear nature of the contours
across the northeast corner, Of note, also, 1s that the
shape of these anomalles 1s rather uniform when compared
with the broad, irregular cobelt anomaly associated with Cu
in the south-central, southwest cprqer of the grid.
Geophysical investligatlion of the grid ylelded significant
associations with data derived from the core model and the
geochemical survey, The results of an EM=-16 survey, which
detects underground conductors, are shown on Plate II,

A realtively weak conductor, trending parallel with

.and approximately 100 feet south of the base-line 1s outlined

by the cross-over ofithe real and imaginary components in that
area, This conductor, fadling towards the west, corresponds
to the projection of the ore zone outecrop, Since the "assym-
metry ln the curves is diagnostic of the dip of the condqctor,
the side maximum belng on the down-dip side" (Farasnls, 1966,
p.132), it is clear from an examinatio; of the curves, that
the ore zone dips to the north and weét, the side maximum
being to the north., A second conducting zone, parallel

and south of the first, probably represents the second sul-
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* The possibility thabtrithe lence 1s responsivle for the EM
‘ ononaly may not be ignoiad, However, the persistance of
- the negative data in areas {or ra2noved from’ the Jencs, the
cersymmelry of theé anomalous curveg, and the mirror-irages
sy-vaetry of the curves or the north and south silde of THe
srid, are thought to be strong cvidence that something ovhc¢
than the fenese is 1"eaoonsiole for the anomalies in these areas,
Other barbed wire fTenses in the area do nOu show gimilarly

assoclated anomalies,

[T
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fide zone,

The mosf:strikiné'feéfufe.of the EM-16 surVéy 1s not the
ore zone conductor, but a strong cbhductor;‘sharply parabolyc’
1s shape, enclosing the egstern three-quarters of'the grid,
At the outset, 1t should be noted that as far as 1s known,
this spectacular conductor is not assoclated with any super-
ficial body such as a pipeline, telephone or power line,

While a wire fence parallels the conductor, it 1s on wooden
posts and 1s ngt thougﬁkto have affected the survey results
(Young, 1969},

ttention 1s immedlately drawn to the parallelism be-
tween the long, llinear cobalt anomaly and this conductor,
Since cobalt 1s usually associated with the more mafic rccks
("Umaf 200; Maf 45; Fels 5ppn” (Hawkes and Webb, 1962,p.363.))
and since cobalt 1s not exténsiveiy assoclated with the other
metal anomalies in the area, it is concluded that this m=z jor
covalt-conductor anomaly 1s assoclated, not with a linear
sulfide body, but possibly with a bedy of mafic - ultramafic

rock, Since ultramaflc rocks in the ad jacent Bucklnghan

,quadrangle commonly contain significant percentages of opaque

minerals, 1t is felt that such & rock cuuld'serve as a strong
conductor (Ern, 1969), and could contaln anomalous cobalt,

The second striking feature of this EM anomaly 1s 1lts
shape.which i1s highly suggestive of a nose of a plunging
fold form, Thls assumptlon 1s supported by the fact thaé
analyses of the side maximum portion of the negative EM
curves indicate that the conductor shows.symmetrical dips
towards the center of the grid, indicating a synformal structurec,

Thus, 1t is postulated that the conductor 1s a mafic or
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" ultramafic 0111 ouulinjng the fo;d stz ucture. Simllar fold__;_

structures involving maflc sills were,mapped by Ern (1968)'7
in the Buckingham gquadrangle, &nd the exiatfnce of such a
?
structure on the Andersonville Grid lsn;:{g by Ern {1969)
to be possible,

It should be stated gulite clearly that the above hy-
pothesis 1s highly speculative, as no confirming drilling or
outcrop data are avallable, Tolded, water soaked fault
zone could explain the conductor equslly well. However, when
the model, geochemlcal, and geophysical data are consldered
together, the above proposal appears to ve the best presently
evallable, Drilling of the strong conductor clearly is nec=-
gssary to resolve this problen,

The major structure 1n the a*ea, then, 1s thought to

be a synlorm vlunging to the squhneast The question of ore

localization remains. T t0 pooslbi‘itics exist: 1) the ore
was locallzed along conjug .~hears developed during the

o]
folding of the synform which 1s overturned approximately 60

to the northwest, and 2} ore localization took place in a

post folding fault of minor displacement, striking N6OCE and
-7

_dipping 25° northwest, which, 1tself, was locallzed by a

zone of weakness along the axlal reglons of the fold., The

later 1s favored because conjugate shears, necessarlly {forming

before or during foldling, would, thnemselves, show evidenoe of
folding, Since the ore zones are relatively flat, it is felt
that they do not occupy areas of conjugete shearing, Post-

folding fault control is favored as 1t would account for the-
flatness of the ore zones, TFurther, fault develogément along

older areas of weaXness (the axial reglonsg of the fold wnere

1 "
LY
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the ore does appear to be located) 1s a common and reasonable
pnenomenon, and could be caused by relatively minor stress

which could concelivably differ from the major northwestwardly
directed force responsible for the reglonal structural trends

{Brent, 1969).

While the dip of the ore zones 1s not typical of Ap-~
5 pllachian faulting, the proposed "major structure” of the
area, a southwest plungling synform, is typical, Therefore,
1t is felt that the structural geology of the Andersonville
prospect 1s not wnolly discordant to "typlcal Appalachlan”
structure,
Since the ore zones are apparently localllzed by a com-
bination of axlal plane crumpling in a fold, and faults cut=
i ting this zone of weakness, 1t wquld be desirable to ex =-
tené;geochemical and geopnysical surveys along the proposed
axial trace in efforts to locate new.oret But this, of course,
should awalt confirmation of the proposed structural control.

discussed above,

Wall Hock Alteration

A study of the country rock surrounding the sulfide
; bodies was undertaken primarily to discover the mode of
alteration induced by ore deposition, It was hoped that
thin sectlons of both the hanglng wall and footwall could
be studied, largely to determlne the symmetry of any alter-
! atioﬁ present, However, only the footwall of the upper
E‘ : sulfide zone was sultable for study; megascoplcally a .
I uniform hornblende gnelss extending several feet from the

ore zone, This section is not thought to contain any pri-
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mary litHologic differan@%é. Other areas of the country

rock presented several changes in lithology, not related

to the ore zone, and thus were unsuitable for modal alter-

ation profiles,

Thin sectlons were cut f'rom the country rock, nornal ﬁ%ﬁﬁ’”
to folliation, at roughly one foot intervals, begining at ‘;ihiaJ7
the gneiss~sulfide contact, and extending 10 feet from the
ore zone, No blas was introduced by sample selection, Up-
on examinatlion, alteration was unnoticable 5 feet from the
ore zone, but progressed in intensity toward the sulfide

contact,. The most spectacular alteration is confined to

an area less than one foot from the sulfide bedy.

The Country Rock

The country rock studled is a hornblende gneiss with
essential quartz and orthoclase, It 15-;.med1um-grained,
roughly equligranular rock with a rather simple mineralogy.
Follation 1s well defined,

The major constituant, hornblende, 1ls euhedral to sub-

hedral, showing typlcal cleavage and a dark green color, with

pronounced pleochrolsm, Commonly, it polkiliticelly encloses

small, rounded grains of quartz and orthoclase, Everywhere
the mineral is fresh, showing no mineralogic alteration, and
only slight evidences of corrosion. '

. Orthoclase is similarly unaltered, though a few'grains
show minor sericitization, Cleavage 1s characteristically
well developed, Grains are exclusively anhedral, and us=-

ually are smaller then those of hornblende,

o
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Quartz occurs in anhedral, equigranular aggregates with.

orthoclase, or as chadccrysts in hornblende, Most graing -
show strain shadows.l

Accessor& minerais 1nclﬁde plaglbclaSe; microcline,
célcite, and pyrite. Plagioclase and microcline are rare;
only a few gralns per sectlon were observed., Caleclite foras
rare veins transecting all other minerals, Pyrite, as saall
anhedral, irregular grains, 1s unoxidized and irregularly

scattered through the sectlons parallel to follation,

Alteration
The most striking characteristic of the well rock \
ad jacent to the ore body, is the virtual absence of typlecal

1

hydrothermal alteration. Serlcitization is noted in many
of the sections, but nowhere 1s it significant, Similarly,
chlorite, while observed in many of the fections. is rel-
atively unimportant, Turther, the chlorite appears as
distinet gralns, not as alteration rims on other minerals,
Caleite, llkewise, is of slight importance, 1is presence
being noted 1n only one sectlon where it forms'mlcrovelns
in the country rock, o

While hydrothermal alteratlion 1s consplcuously absentJ
recrystallization and the formation of new slllicates and
oxides near the sulflde-gnelss contact 1s lmportant'and
spectacular,

Recrystallization is evidenced-by an increase 1ln grain
gize and a disruption of the Tollation towards the ore zone,
In the thin sectlons studied, the graln slze of orthoclase,
plagioclase, and guartz show an increase towards, and reach

& maximum at the ore-gwneiss contact, Recrystallleatlon,

[SEIINPY
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.as studied 1ln thin sectlons, is Turther evidenced by's

disruption of the gnelssic follatlon; newly formed bloulte
and actinolite crystals appearing as #a#y shards with only
vague suggestlons of preferred orlentatlon,

In handspecimen, recrystallizatlon 1ls evidenced by
the presence of a cosarse - gralned materlal with a pegmatitlc
texture, adjacent to the ore zone in the hangingwall of
both drill cores studied, It 1s best developed in the sec-
ond core where four feet of coarse plagioclase, orthoclase,
actinolite, and blotlte is present. Iﬁ thils arca, no evie
dence of follation is secen, It 1s felt that this pegmatite-

1like material 1s recrystallized wall rock because most of

the minerals aforementloned are common to both, thus indicating

that no new elements were introduced into the system as
would be the case with a hydrothermal type of alteration,
The formatlion of new sllicstes 1n thg contact zone of
the wall rock is spectacular, Yost important 1s the de-
velopement of actinollte with the corresponding decrease
in the amount of hornblende towards the contact zone, The
éréph showing the modal &nalyses clearly shows this relation=-
ship. In thin sectlons of wall rock lmmediately ad jacent to
the ore zone, actinolite forms between 12 and 18% of the
rock, while hornblende forms 1% or less, Distant from the
ofe zone, hornblende forms 50% while actinolite 1is not'pre-
sent, In one instance, 1n the contact zone, actinolite is
seen rimming hornblende {?), but in most cases, actlinolite
forms éurving,thin blades scattered, through the section
showing no relict hornblende structure, The sudden increase

of actinolite and the disappearance of hornblende support

R
~
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~the proposal that they are recrystallization-élterétion palrs:. )

Caz(Mg,Fe,Al)z(OH)z((Sl,Al)uoll)é Ca,(Fe ) (OH),(81,011),

{(Hornvlerde-monoclinic) (actinolite-monoclinic)

Such a converslon does not appear to be unreasonable;crystal

system and composltion remaln unchanged wlth the exception

IV PeSSipic

of thg{ioss o%{Al and Mg, The appearance of a light green
(pleonaste or gahnite} spinel, associated with actinolite
in the contact zone may account for this loss of Mg and Al,

Blotite, like actinolite appears suddenly near the
contact zone with no analog in the more distant cou ntry
rock, Commonly it forms thick to thin flbers, frequently
curved, which are completely unaltered and strongly pleo;
chrolc, Pleochrolec haloes due to zircon incluslons are rare
or absent, The alteratlon of hornblende to blotite 1ls not
uncommon and has been reported by many wr;ters (see for ex-
ample Schwartz, 1947, p. 325). One lnstance of biotite
surrounding corroded hornblende (?) was noted, but in gen-
eral such relationships are uncommon; the blotlte does not
ghow relict hornblende texture, However, the graph of the
modal analyses supports the ldea that hornblende did alter to
blotlte,

The 1ncrease of modal orthoclase and plagloclase towards
the ore zone 1s more difficult to explain, It appears, how-
ever, that these minerals were not introduced into the sys-
tem from an outside source, No evidence for feldspar velning,,
or feldspar corrodlihg or replacing other silicates was obser-
ved, Such evidence 1s used by Gilluly (1946}, Schwartz (1947),

and Anderson (1650} to demonstrate orthoclaslzation in hydiro-
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thermally altered wall rock, The optical and physical
charac~teristics of these feldspars does nbt appear to differ

from those oftthe feldspars in the unaltered country rock,

For these reasons, 1t 1s felt that the increase 1in modal

feldspar near the contact zone 1s the result of rgcrystallization.

: probably with the mlnor introduction of Na and X into the
| .

i system.,
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Environment and Tvpe of Alteration

It is conciudéd that the altéréfion of the wall rock
is not hydrothermally induced for the followlng reasons:

1} the formation of minerals such as spinel and actinolite
indicate {emperature and pressure conditlions far in excess
of those of a hydrothermasl environment, 2) the probability
that the formation of the "new minerals” in the contact zone
took place without the extensive addition of lons from out-
slde the system, with the exception of Na and K in feldspar
formation, Hydrothernal altera;ipn usually shows extensive
introduction of "foreign" 1onsT:Le wall rock which introduce N
the observed alteration, 3) The lack of the usual types of
hydrothermal alteration such as silicification, sericitiiation.
chloritization, and et cetera (Park.and McDlarmid, 1964, p.
139-151).

It is proposed that the alteration obgérved in the drill
cores 1s due to a remobllization of The wall rock, with
subsequent ion diffusion and recrystallization, to form
the mineral suites and textures now observed, that 1s re-
metamorphism of the hornblende gneiss in the vacinity of the

ore zone, without the extensive introduction .of new material

from outside the system, is ths responsible agent, High

temperatures are indlcated by the formation of spinel, with
almelting point of 213500 (Deer, et, =l., 1966, p, 426),

and actinolite, while a mildly high directed confining pres-
sure i1s indicated by a crude retentlion of follation in sonme
areas of the contact zone, and the lack of rotétlon textures
in gafnet. Complete remobilization of the silicates is

indicated by the lack of relict textures (eg, of hornblende ), ws
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of fracture controlled alteration (with the exception of

minor introduction of epidote along rare “microtnsion gashes)

"both of which are typlcal of hydrothermally altered rocks.

A similar hypothesls is oput forth by Xinkel (1967)
for the origin of wall rock alteration at Ore Knob, North
Carolina, Textural and mineraloglcal changes ad jacent to
the Ore Knob deposit are similar to those of the Andersonville

wall .tock,

Mineralogy, Texturc, Paragenesis and Origin
of _the Sulfide Ores

The following discussion is based on microscoplc and
handspecimen study of two cores drilled by North Americarn
Exploration on the Andersonville Grid, May, 1969, Fifteen
polished sectlons were prepared from material from the two
ore zones 1ln DDH-1, while selected handspecimens were studied
from DDH-2, Also avallable for study were the logs of 18
drill coées. logged by liagen {1958)of the Virginia Mining
Company, Clearly, the limlted amount of material restricts
the'applicability of the present study wlth respect to the
entire ore body, but it is felt that the study, 1ln a gen-
eral way, indlcates the origln of this and several other sul-

fide bodles near-by.

Mineralogy and Textures of the Sulfldes
Macroscopic

Two, well_defined, ore zones were encountered in the

»

first drill hole, The flrst zone occurs at 108-feet and

extents to 124 feet, the second from 228 feet to 238 feet,

" Mineraloglcal and textural differences were noted between

[ESETIP
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the two, which will be dliscussed separately.

The most abundant sulfide in zone one is pyrite, It
occurs as subhedral to euhedral crystals throughout, wlth‘
an increase In grain-slze downward,the mean slze being ap-
proximately 0, 5cn. Sphalerite, chalcopyrite, and pyrrhotite,
in decreasing order of abundance are Intergranular, Galena
was not observed in handspecimen. All sulfides appear gqulte
fresh and free of corrosion, The sulfides are massive and
(éhow no evidence of the foliationfof the enclosing country
rock, In some areas of the core, pyrite forms greater than
95% of the rock, The lack of intergranular sulfides or
gangué:ﬁg;dg;’it extremely friable, belng easlly dbroken in
the hand rendering loose subnedral grains wilth shiny faces.
No evidenceszggnggg;e or other areas of the core are present,
When broken, all samples from the first zone show shiny pyrite
faces and smooth pyrite molds in the other sulfides, Thus,
intense Interlocking and corrosion do not characterize the

sulfide contacts,

Typlcal assays of the ore from the first zone show

" .5-2,0% Cu; 1-8% Zn; .005 oz/T Au; and .5-1.0 oz/T Az,

An average grade of .65% Cu, 5,05% Zn, and LO% pyrite for
368,200T was estimated by Hagen (1958, p. 149},

Gangue mlnerals, ldentified In handspeclmen include bilo-
tite, quartz, orthoclase, actinolite, and garnet in decreasing
abundances, The Dblotite occurs as small, unaltered books,
showing no preferred orientation, Actlinolite occurs as short
striated needles, randomly orlented 1£ the ore, impressions

of which, on the softer sulfldes are common on broken surfaces,
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Quartz occurs as rounded grains, as does orthoclase and
garnet, Occasjlonally, rounded breccla fragments are observed
in the ore, and are composed of quartz, orthoclase and

actinelite. The contacts between breccla and sulfides

‘are generally quite sharp. One large breccia fragment.” 1in

massive pyrite shows a thln coating of sphalerite and chal-
copyrite on one slde only, suggesting deposltlon of these
soft sulfides in a pressure shadow (Fig.l).

The second sulfide zone 1s characterized by the pre-
domlnance of pyrite, very low percentages of other sulfldes,
and an lncrease in the amount of gangue, Elongated pyrite
1s the most striking characteristic of the second zone, the
mineral apparently hav&ng been stretched 1into 1oéenger shaped
grains, Though, at tires, massive pyrite, the sulfides
in the second zone are usually set in a gangue matrix,

Specks of sphalerlte and chalcopyrlte are observed, but nowhere
important, gangue being the most importaft intergranular
material,

Material from the second drill hole became avallable

at a late date and could not be studled carefully., How-

‘ever, a feWw of the more lmportant characteristics are noted

below., Unllke the firsv core, the ore from the second hole
1s predominately pyrrhotite, especlally 1ln the lower and mid-
dle portions of the core, pyrite becoming more lmportant
towards the top, Chalcopyrite 1s more common iln thls core.
Perfectly euhedral pyrlte crystals, up to lcm across, are
observed "suspended" in the pyrrhotlte matrix, and stronglyC)
resemble metacrysts, Irregular blebs of sphalerite and chal-~
copyrite form the remainder of the sulfides, Galena 1s not

observed, Fresh, sniny books of blotite are commonly scattered

e
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through the pyrrhotite, and show randon orientation, Ir-
regular, rounded gra_ins of quartz and feldspar fomthe
remaining gangue minerals, In several areas of the core,
spectacular flow and pressure shadow‘features are present,
Biotite and chalcopyrite are seen to have been molded around
three sides of-a qﬁartb-blotlte breccia fragment (Fig, 1),
or around pyrite cubes, trailing off into "talls on thefdrth
side, Occasqlonally. motation of the tails is observed,

A crude zoning'in thé second core may be noted, las-
sive pyrrhotite predomlinates in the lower portions, while
pyrité and sphalerite are more common in the center, Chal-
copyrite 1ls most abundant towards the top of the cofe. wnere
is occurs as massive, irregular patches, and locaﬂy-as fracture

£11lings in the hangingwall,

Microtextures orf the Sulfides
-

The textures dlscussed below ware revealed by micro-
scoplc examinatlion of polished sectlons from the Tirst and

second sulfide zones in DEE-1, and are divided into depositional

and stress related phenomenon, The former involves the so

called "primary" textures such as those due to replacement,
while the former arc "secondary"” textures such as flow, shear-

ing, and injection,

Depositional Textures

The so called "caries" structure 1s the most common and
the least diagnostic texture in the sulfides from both zones,
As suggested by Lindgren, such a texture is displayed by min-

erals showing smooth, scalloped embayments by another mineral,

[SRIIS )
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“““‘;/ﬁad 'hitten into' the host” (Edwards,

—"This textural relationship is most common

1947, 9,129
between chalcopyrlte and sphalerite, Chalcopyrite forms
convex scalloplng lnto sphalerite along long graln bound-‘
aries (ref; Ag~120) in many instances, However, with slightly
greater frequency, the reverse 1ls true, often within the

seme fleld of view., (Filg.2) Simllar conflicting relation-
shlps-have been observed in the sphalerite - pyrrhotite,

ch&lcopyrite-pyrrhotite, galena-sphalerite, galena-pyrrhotite,

and chalcopyrite-galena

(

by diffussion fronts. ‘Kost common examples are found 1in

Occasslionally, th cture is accompanled

the sphalerite-~chalcopyrlite palrs. Here, small blebs of .
the metasome are observed 1n the host, paralleling, but sep-
arate from the mejor host-metasome replacement front, and
1s thought to evidence minor metasomatlc replacement
preceeding the major, unbroken, replacement fron{., ITx-
cellent examples were noted in section Ag-120 and Ag-116,
Rellctrtextures, such as pseudomorphs, are rare and of
questionable valldity in all of the sections studied, Squarish
‘outlines of gangue 1n a gangue matrlx may represent pseudo-
morphs of pyrite, but the totzl avsence of pyrite in the
"replacement™ mass, rcrnders such an interpretation doubtful,
One example of triangular pltiing in chalcopyrite showing
"carles" boundaries with galena (ref, AG=120) may indicate

rellct galena cleavage in the chalcopyrite metasome, but

sufficient numbers of examples are lacklng to ciarify this

- relationshilp, Summérizing, rellct textures are extremely

-rare, and when present do not present clear evidence of

replacement, This 1s especlally striking when the Anderson-
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ville speciéhns are compared with those of the Valzinco

‘Mine wher#: relict texturd®are common and strikingly clear .

(Riesmeyer, 1968, p, 8-10),

The polkilitic texture of many of the pyrite grains 1s
characteristic of the Andersonville ore. Small, rounded
inclusions of all other sulfides present, as well as many
sllicates, are observed in the pyrite, Commonly, euhedral
silicate 1s enclosed by pyrite, The uncorroded nature of
the pyrlte, and the relative rarity of veining excludes the
possibility that all of these enclosed sulfide and silicate
blebs are velns viewed in the third dimension. The polkilitic
nature of the incluslons is further demonstrated by the fact
that when these Iincluslons are etched or scratched out of
the pyrite face, a smooth ravity, completely bounded by pyrite
is observed, Such a texture could';esult from the enclosure
of earlier sulfildes and sillicates by the Erystallizing pyrite,

The Andersonvlille pyrite is also unusual in that 1t 1is
relatively free from replacement by other sulfides, In
pollisned sectlon it shows smooth sharp boundaries with all
other minerals. The smoothness 6f_these contacts 1s further
indicated by the impresslons of pyrite cubes on both other
sulfides and gangue on broken surfaces in handspecimen, wnich
are smooth and shiny, Thls 1s unusual in that pyrite, usually
an early formed mineral in sulfide deposlits, 1s commonly
extensively replaced by the other sulfldes and gangue, lcaving
only irregular blebs of the mineral, Excellent illustration
is found in the Valzinco ores, where rim, "atoll", interior,
and "carles"” repiacement of pyrite is common (Riesmeyer, 1968,
p.8=-9), Because df.this lack of replaceunent, 1t is concluded

that the pyrite in the Andersonville deposit was formed elther

. e
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- Wwith or after the other sulfides, for if it had formed earller,

replacenent surely would have taken place (Bdwards, 1947, p. 115).
?f Silicate gangue-sulfide boundaries also commonly dis-
play "clean=-l1line" contacts, Euhedral blotite "books" and
_actinolite crystals serve as the best examples when they are
] found embedded in massive sulfide, Both silicates show mutual
i boundaries with all sulflde specles,with no corrosion evident
% in either sulfide or silicate, though sulfide rarely velns
t silicate, AG=-124 reveals a spectacular example, showlng
an actinolite crystal with well developed prism faces and
terminations, uncorroded by pyrite which completely sur-- -
rounds it, and in one place veins it (Fig. 3).
Of inmportance is the fact that euhedral gangue silicates-'
commonly cut across boundaries between different sulfideé.
i Exanples of elther biotite or acfinolite cutting sphalerite-
C ' chalcopyrite, pyrite-pyrrhotite, sphalerdte-pyrite, and
chalcopyrite~pyrite borders has been observed, Excellent
examples of several of these relationships are shown in
section AG-124, Little for no corrosion is observed to

be associated with these relationships,

\

l

|

|

| . The straight-line borders and lack of corrosion be-

E tween silicates and sulfldes indlcate that they were both

1 deposited under the same temperature-pressure conditfions,

1 and thus, most probably, at the =zame time, This fact ac-

? quires great importance in the following discussion of para-

genesis, Such examples.and conclusions are discussed by

Kinkel (1967) in relation to the Ore Knob sulfide textures.
Several, clearly deflned, examples of slmultaneous

deposition are shown by exsolutlon textures in the ore.

| Most common 1s the exsolution of chalcopyrite from sphal-

ez, Tranalily the shaluanpyiils faras tiay Wliehs or roi-
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shaped incluslons scattered rendomly through some of the
sphalerite grains, and correspond well wilth the description
of the "emulslon texture" of Edwards (1947, p. 80},

An especlally striking example 1s shown In sectlon AG-116

where sphalerlte ls choked wlth small lncluslons of cnalco-

pyrite, Small rod-shaped bodles of chalcopyrlte show crystal-

lographlc control in section AG-124 where the chalcopyrite

is orlented along the 111} and’100} of sphalerite,

A lamellar exsolution texture involving sphalerite (host)

and pyrrhotite (?) guest 1s observed in sectlon AG~238 where

it 1s common, Thin lamellae of pyrrhotite {?) show definite
crystallographlic control in the sphalerite host, The ident-
ificatlon of pyrrhotite 1s uncertaln and }s';q_negq of X<Ray
cenTirmation,

. Several other exsolution~like textures are observed in

. the polished sections, including magnetife (host) =-chalco~

pyrite (guest), pyrrhotite (host) - chalcopyrite (guest), and

galena (host) = chalcopyrite (guest). The texture of these

relatlonships strongly resembles an "emulsion texture”,

but these exsolution palrs have not previously been reported

(Edwards, 1947, p. 93) and may represent replacement on a
minute scale,

Finally, the presences of graphlc intergrowths among the
sillicate gangue minerals 1s present in one section (AG=121),
The composition of the two sillcates is uncertain, however,
the graphlic texture is clearly evident in polished section,

The several grains of graphically intergrown material shows

mutual boundaries witn the surrounding sulfides, the "caries"

textures demonsvirating a nearly simultaneous deposition of

the two types of mineralas,
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Textures Resulting from Stress

Numerous examples of textures indicating stress with-
in the ore body are noted 1n all polished sections, including
flow, rotation, shearing, injection, and pressure shadow
textures,

The most striking stress related texture observed
1s the elongatlon of the pyrite grains in the second sulfide
zone previously referred to, It remains to note that under
the microscope, shearing in the pyrite 1s not observed, nor
is cleavage pronouncad, The lack of rTupture indicates that

the pyrite was probably deformed into the lozenger-shaped

grains under a high temperature and pressure environment which

would favor plastic flow,

Unlike the pyrite in the secénd zone, that of the
first shows excellent cleavage and shear glevelopement,
(Ref, AG~116) Typlcally, the cleavage or shear is charact-
erlized by closely spaced parallel fractures, usually cut-

ting the entire grain, which are interconnected by conjugate

shear or cleavage formed at acute angles to the former,

Softer sulfides or gangue usually fi1ll these openings,
The more brittle silicates show evidence of fracturing, but
the softer sulfldes and silicates do not,

Injectlion of soft sulfides into flssures ls commonly

.odserved, The aforementioned chalcopyrite filling fractures

in pyrite if the most common eﬁfmple. Veining, of the hydro-
thermal type, probably does not explain thls phenomenon

as 1) there 1s no evidence of banding or crustification

in the "veins," and 2) no alteration of the pyrite by the
"velnlng”" materlial 1s evident. Evidense for prassurizad

a
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injection is 1) chalcopyrite, the most common "velining"
material, 1s also the softest sulf%ﬁe in the ore body,
and thus the most llkely to f?gx?dahd 2) the presence o-f
"draw-down" at the veln orifice, indicating plastic flow
(ref, AG-116) Newhouse and Flaherty (1930, p.600) note
that at certsin high pressures, pyrite fractures whlle
chalcopyrite flows, It 1s felt that the textures here
discussed may exemplify thelr experimental work.

Another, more doubtful, example of forceable injection
of a plastic (?) phase is the presence of pyrrhotite wedges
in blotite (ref, AG-124), Close examination shows that
the "leaves" of the blotlite "books" probably have been
wedged apart by pyrrhotlite. The presence of undistorted
blotite in the same area of the section indicates the orig-

inal undeformed crystal nature of the bilotite. Sharp

bordered, uncorroded wedge-shaped replasement of biotite

by pyrrhotite from a crystallizing liquid media 1s unlikely,
Textures indicating flow are not uncommon in the pol-
1shed sections. The most pronounced example involves flow
texture in blotitdaround hard minerals such as quartz and
pyrite (ref, AG-229), Bilotite is often shown "plated" on
the hard mineral, facing the direction of force, while
forming "tails" on the other side, pointing away from the
direction of force, or form "eddie-like" swirls in the pres=-
sure shadows, Chalcopyrite forms similar patterns (ref,
AG-124), Fig, 3 shows chalcopyrite "plated" onto the end
of an actinolite crystal, with "talls" pointing down the
sides of the prlsm faces. In & glven sectlon. showing .
flow, the direction in which the "talls" point 1s the saﬁe

in all examples, thus indlcating stress from a specifilc

RPN
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direction.

. It may be rioted that extenslve flowage of the softer-
| Intergranular sulflides and sllicates, upward along a pres-
sure gradlent, leaving Sehind only hard pyrite crystals,
mlight account for the "friable" pyritic portlons of the
core prevliously mentioned,
i The deposition of softer minerals 1n pressure shadows
‘ behind harder minerals during flow results In the "“shadow
deposition" texture observed in many of the sections., Here,
galena forms wedge-shaped masses behlnd guartz gralns,
the apex pointing away from the directlon of force.(AG-234),
The formation of blotite and chalcopyrlte behind a quartz-
; ' blotite breccla fragment, with subsequent rotation to form
- ; a sinusoidal structure is shown in Fig, 1 (DDH-2).
Finally, the observatlion that biotlte, 1n places, is
extremely krinkled and even isoclinally ;olded (ref. AG-228
E : and 124), clearly indicates stress conditions in the ore
% body at one time.
| In summary, 1t 1s felt that these textures descrited
above, resulted from the movement of a_plastic or viscous
fluld medla under the effects of a directed stress. The
Indications of the resulting Tlow are in those areas ﬁhere

the flow was interrupted by hard minerals generating the

patterns described above,

Paragenesis

In many cases, the paragenesis of an ore deposit
is easily visulized. Cross cutting relationshlips, pseudo=-

|
| morphs, noniconflicting “carles” structure, and crustification
|
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readily yileld a consistant and clear history of sequential
deposition, As discussed previously, "carles" structure 1is
the most commof"replacement” structure in the polished sections,’
almost to the exclusion of all others, As previously noted,
evidence of reversal of the "carles rule" 1s commonly ob-
served, TFurther complications in establishing a paragenetic
realtionshlp are encountered when it is realized that though
the "carles" texture 1s ",..suggestlve of replacement, it
is not a rellabie indicatlon, nor does it reveal with any
certainty the sequence of deposition" (Edwards, 1947, p.129).
This, together with the fact that many of the grain boundaries
observed show nor eviderce of replacement (eg. silicate-
sulfide borders), make the establishment of a paragenetld
sequencedifficult,

If the assumption that pyrite polkilitically encloses
blebs of'the other sulfldes 1sg correct, ;hen pyrite should
be the last sulfide to have crystallized, If, on the other
hand, the rule that euhedral minerals, enclosed in a less
symmetrical matrix, are the first to crystallize, then pyrite
should be placed towards the begining of the saquence, This
poses & major problem in that pyrite, the most important
sulfide in the ore toly, may not be placed unequivocally 1n
gbSequence, An even more sericus problem 1s encountered
when the gangue minerals are considéred. In the sectlons
studled, sharply euhedral sillcate crystals are observed to
cut mutual boundarles of every posslible sulfide pailr, If
the evidence for the simultaneous deposition of sulfide
and silicate, as outllined previously, 1s accepted, then the

conclusion must be drawn that all of -the sulfldes present
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were deposglted either at tiie same time or 1n very rapid
sequence, Thls interpretation is in agreement with Bastin's
(1950; p. 61) method of determining paragenetic sequence,

Finally, study of the "caries" textures in the pol-
1shed sectlnns, show that there is considerable over-lap
in the deposlﬁional sequence of all sulfides with the ex-
ception of pyrite, The amount of over-lap, based on the
frequency of "carles" reversals might be slightly amended
upon modal analysis, out presently shows that sphalerite
"replaces” chalcopyrite more often than the reverse, Thus,
like pyrite, sphalerite is not in the"correct” hydrothermal
sequence, as it should be earlier than chalcopyrite,

It is concluded that the paragenetic sequence of the
sulfide-gangue mineralization is extremely unclear. Further,
textuTal analysis indicates that pyrite and spnalerite are

not in the normal sequence of pyrite-pyrthotite-sphalerite-~

chalcopyrite-galena (earliest to latest deposited) as sug-

gested by McKinstry (1948,p.150},If the poikilitic texture

interpretation 1s used, pryite is grossly out of depositional

. sequence, being the last to crystallize, Finally, the sim-

ultaneous deposition of the vari-ous sulfldes, as indicated
by gangue-sulfide relationships, suggests a non-hydrothermal

deposltion where sequential crystallizatlon 1s the rule,

Ore Genesils

When dealing with the Andersonvlille ore genesis pro-
blem, the following factors must be borné in mind: 1) the
abnormal or unclear paragenetlc relationshlps between sul-
fides commonly of a hydrothermal origin, 2) the presence
of mutual boundaries betwnen sulfldes and silicates, 3}

P
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the porphybblastic texture of the pyrite, 4) the presence

of unoriented gangue sllicates, 1dent1ca1 to the slilicates
in the wall rocx, in the massive sulfides, which do not
show evidehces of corroslon or replacement by the sulfldes,
5) the numerous evidences of stress, such as flow structures
in the sulfides, 6) the lack of typically hydrothermal textures
such as veining, crustification, pseudomorphism, and low
temperature wall rock alteration, and 7) the narrow band

of high temperature metamorphic alteration in the wall rock
ad Jacent to the sulfldes, The writer attributes these char-
acteristics to a metamorphic remobilization of an early,
hydrothermally deposited sulfide suilte,

It is postulated the original ore was hydrothermally
deposited, The assumption is easily made&ig_ﬁhiﬁﬁiﬁ_;§
probablg that all evidence for sﬁch an orlgin has been sub-
sequently destroyed by remobilization, <However, the vein
nature of the deposit, and the sulfide assemblage, character-
i1stic of a high to moderate temperature hydrothermal deposit
(Park and MeDiarmid, 1964, p.289-302), indicate that the
ore does have hydrothermal origins,

The actlion of a rising thermal gradient with subsequent
tectonic stress nmay explaln the present texture of the ore,

The questlion immediztlely arises, do the present textures

result frmnC@E%%Eggphiifi:;hvolving renelting, °€:§§E§E§£;ffj
thevgt

atlsm? vidence,‘aéain largely lacking, indicates the later,

Tﬁe peculiar reversals in sulflde paragenesis, as well as
the presence of eunedral sllicates in the sulfides, both
violating the "laws" of sequential deposition from a liquid,
indicate that metasomatlic remobilization was the responsible
agent, A plastic phase probably was present, also.

R T I



o
CIaR
Y

——— — C e ——ns s -

T

1 AdOD

T es]
oHaX | - (LLO) o ,Qu}:_n_)_ujr

First, consider those relationships and textures for
which a metamorpnic origin 1s cozmonly accepted; 1) poikilitic
structure, and 2) metacrysts., As previously noted, the eu-
hedral, uncorroded, pyrite is distinctlve in the Ander-
sonville ore, and commonly contains chadocrysts of all
other sulfides, As noted by Williams, et,al, (1965, p.

168), "...porphyroblasts tend to have idioblastic outlines
(and) tend to be riddled with incluslons of other minerals
which have prbsisted from pre-metamorphic stages of the
rock'’'s history,” Turther evidence that the pyrite cubes

in the Andersonville ore are porphyoblasts 1s indicated by
experimental results of Roberts (1955), which show that upon
neating a myixture of sulfides and ciay minerals under
pressure, euhedral sulfide porphfoblasts formed as well as
other metamorphic textures, Ramdohr (1950 in Kinkel, 1967,
P.51) notes that porphyoblasts showing mutual inclusions

of different sulfides are evidence of a metamorphic origin,
Finally, Kinkel (1967, p. 22-23) notes the presence of pyrite,

euhedral agalnst pyrrhotite, and poikilitically enclosing

,sulfides and silicates at Ore Knob, concluding that the

pyrite crystals are porphyoblasts, Pyrite from Ore Knob
and Andersonville show strikingly clear similarities, It
is concluded that pyrite was the last sulfide to form in the
remobilized ore ot Andersonville, under metamorphlc con=-
ditions.

The second striking feature of the Ander;onvllle ore
1s the 1nciusipn of euhedral silicate irthe nassive sulfide,
or euhedral silicate cutting sulfide boundaries. Evidence

for a metasomatic origin of these silicates include 1) the

o
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absence of corrosion of elther silicate or sulfide which
surely would have taken place under hydrothermal conditions,
and 2) the unoriented nature of the silicates, 1ndicating
that they are not remnants of the enclosing, well-folilated
wall rock., It would appear that the sulfides and sllicates
crystallized or recrystallized under the same temperature -
pressure conditlions, and at the seme tlme, The slllicates

in the sulfides, identical to those in the wall rock ,

- possibly crystallized there after diffusion from the parent

wall rock, This 1s contrary teo the principles of hydreothermal

deposition which usually shows sequential deposition (Kin-
kel, 1967, p. 51). The above texturél relationships in-
dicate that both silicate and sulfide formed in an environ-
ment which allowed free diffusion, without the 1ntervenfion
of a fluld media which would héve promoted sequential de-
position, Such conditlions are typically metamorphic,

IT the theory of meﬁamorphic remoblilzation 1s accepted,
the unclear paragenetic sequence present in the ores is
easilly explalned, The orlginal sequential depositional
textures of the sulfides would have been destroyed by dif-
fusion in the solid state, Conflicting "carles" structures
would be expected in such a system where all sulfides
were simultaneously exposed to a thermal-chemical, or pres-
sure gradient, The obliteration of such textures as velning,
crustification, and pseudomorphism, would, with time, be
completelyldestroyed by remobllization,

The “exsolutlon textures," previously noted, may be
the result of diffusion upon remobilization, rather than
unmixing of two phases, Whlle reports of a metamorphic

origin of "exsolution" textures are unknown to the writer,

ban
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such an origin does not seem unreasonable, and may account
for‘the unreported gﬁest-host relatibnshipslrefefred to earlier,
As an analog, it has been reported that graphlc or myrmeititic
structure in sillicates may form as a reaction to metamorphism
(Marmo, et.al,,1953, p. 713). Such textures, in silicates,

are observed In the Andersonville ore sectlons, the sllicate
gralns showlng mutual boundaries with sulfides, thus indlc-
ating simultaneous growth,

Remnbillization Whichraffected the ore zone also affected
the ilmmedlstely adjacent wall rock, As prevliously noted,
unorlented gangue minerals and minerals of the wall rock
are the same with the exception that blotite is more com-
mon in the gangue, An increase in graln-size of the minerals V/
of the contact zone over those of the country rock 1ls also
present, Exactly the same situatlion is noted by Kinkel v
(1967, p. 50=51) in the Ore Knob deposity® In addition,
coarse pegmatite~like deposits of plagloclase-orthoclase-
aectinolite, observed 1n thne hangingwall ad jacent to the ore
zone in bothn the Andersonvllle cores, posslbly having an
analog in the "pegratite" of Ore Knob, indlcates recrystal-
lization and reorientation of the origina}l wall rock con-
ponents, Kinkel (1957, p. 51) concludes that both the wzll
rock and ore zone were reorganized with a "coarsening of
grain~-size and randomly oriented growth, indicet{ing) mob-
111ty of the elements as condltiodns of equllibrium changed,"”

The limiting of such reorganization of the wall rock,
under metamorphic conditlons, to a narrow band, less than
one foot wide, 1s not eaglly explained. However, a rising

thermal gradient, moving preferentlally along a highly
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cbnductive sulfide zone may explailn the_reorganization of -
the ore and immediately adjacent wall rock and thé unaltered
nature of the country rock distant from the ore body,
During, or after remobilizatlon of the Andersonville
deposit, the ore was deformed largely through plastic flow,
Flow, rotatlon, pressure shadow deposltion, and injection
textures have been described prcvidusly. It remalns to

clte experimental examples of sulfilde flow under nressure,

Experiments by Newhouse and Flaherty (1930) and Buerger (19283),
show that the softer sulfides, i.=. galena, chalcopyrite, and

‘finally pyrrhotite, flow under pressures wnich fracture

pyrite, (Buerger, 1928, p., 1), demonstrated that the softer
sulfides flow Wwithin scconds under a pressure of 3000 bars,
with the attendant fracturing of . pyrite. This readlily ex-
plains several features observed in the Andersonville ore:
1) chalcopyrite, the softest of the common sulfides in

the ore, 1ls the most common mineral found injected into
pyrite fractures; sphalerite, belng less moblle, 1s the
second most common injected material, and pyrrhotite, the
least moblle, was not found to "veln" pyrite., and 2) chal-
copyrite 1s more abundant in the upper portions of DDH-2Z,
forming fracture-fillings, posslbly because it, among the
other sulfildes, could flow more readlly upward into an area

of lower pressure, [Finally, there exlsts the intrigulng

possibility that galena, belng the last sulflde to crystallize

in a hydrothermal deposit, and thus the most easlly mobil-
ized, as well as being the softest sulfide present in the
Andersonville deposit, may nave been elther "squeezed" or

diffused up a pressure-temperature gradient, leaving behind
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Summary and Conclusfions

A preliminary investigatlion of a new sulfide deposit
near Andersonville, Virginla, was carried out in the Spring
of 1969, Analysis of soll geochemical surveys indicate
that the anomalous metal values on the exploration grid are
transported from & linear source which lies up slope from
the anomaly contours, Abrupt termlination of anomalous values
north of the base-line 1Indlcate a sulfilde body dilpplng in
that directlion, The congrulty of gossan distribution with
the geochemical anomalies 1s in sgreement wlth this interpre-
tation, .

The presence of box-work, the type of box-work, and
the type of cavity-filling limonite are used to distingulsh
several types of gossan present oﬁ the grid, Fhyslical=-
chemical propertles of several gossan samples indicate de-
rivation from chalcopyrite, sphalerite, and galena aggregates
contalning abundant pyrite,

The structural control of the ore body ls unknown, How-

,ever, evidence points to the possibility that the ore was

localized in & shear zone or fault zone, ltself localized
along the crumpled axial reglons of a plunglng synform. Geo-
rhyslical and geochemical evidence are used to interpret the
structural geology of an area of deep chemlcal weathering
where outcrops are uncommon,

Thin section study of the wall rock adjacent to the
sulfide zone does not reveal any of the usual types of
hydrothermal alteratlon, An increase in grain-size of
the country rock towards the ore zone, loss of regular fol=-

1stion 'n the contact zone, and the apparent lack of the
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introduction of new chemical constitudnts into the rock near
the sulfide zones, Indlcate that recrystaellizatlion 1s re-
sponsible for—the mineraloglical and textural changes immed-t
lately ad jacent to the sulfide body.

Analyslis of polished sections of the sulfldes Indicate
that. evidences of primary depositional textures have been
destroyed by subsequent metamorpnism, Typlcally hydro-
thermal sulfide textures such as véining, pseudomorphism,
crustification, and those indicative of sequential replace=-
ment, are largely lacking; Porphyoblastic pyrite, polkil-
1tic and exsolutlon textures, flowage and pressure snadow
deposition are among the evidences indicating a remobilization
of an orlginally hydrothermally deposited ore.Unaltered,
randonly orlented slilicate specles, In the sulfides, are’
fdentical to those in the wall rock, indicate that sulfides
and sillcates recrystalllized in a similar temperature-pres-
sure environment. Such an environment fs not typical of
hydrothermal deposition, It 1s proposed, then, that the
Andersonville sullide decposit. originally hydrothermally
deposited, was subsequently metamorphosed, resulting in the
extensive reorganlzation of sulfldes and sllicates, bringing
about the present textural relatlonshlp observed in the core

samples, .
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