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LETTER OF TRANSMITTAL

VrncrNrl Gpor,ocrcer, Sunvlv,
Uxrvnnsrrv or Vrncrxrl,

Crranr"orrpsvrr,lE, December 15, 191?.

Goaernor Henry C. Stuart, Clzairman, ancJ Members of the State Geologi,cal

Commissi'on:

Glxtr,oulN:-I have the honor to transmit to you herewith, and to
recommend for publication as Bulletin No. XIV of the Yirginia Geological

Survey Series of Reports, a manuscript and illustrations of a report on
.,The Geology and ore Deposits of the virgilina District of Yirginia ancl

North Carolinar" by Francis Balcer I,aney.

The Virgilina District, which lies partly in Virginia and partiy in
North carolina, is one of the more important copper districts in the eastern

United States that has produced considerable tonnages of ore. This report,

prepareil jointly by the Yirginia Geological Survey and the North Carolina

Geological ancl Economic Survey, embodies a detailed study of tfie ore

deposits in parts of Halifax, Charlotte, and Mecklenburg counties, Virginia,
and in Granville and Person counties, North Carolina, and should prove of

considerable value in clirecting further attention to an economically im-
portant area of copper cleposits. Since it supplies the needed detailecl and

accurate information on the ore deposits, it is confidently believed that it
will stimulate further development and production of copper ores in the

district.
Respectfully submitted,

lfrrorrls L.'Wr"tsoN,
Di,rector.



PREFACE

The publicatiorr of this report, entitled "The Geology and Ore Deposits
of the \rirgilina District of Yirginia and North Carolina," is a new depar-

ture in State Geological Survey reports, since it represents a joint investiga-

tion of an important copper district lying parUy in each state, carriecl on

coiiperatively by the \rirginia Geological Survey and the North Carolina
Geological and Economic Survey.

In order to insure uniformity for the district as a whole, the same

geologist, Doctor Francis B. Laney, was employed by the Virginia and
North Carolina Geological Surveys to make the survey in the two states

under the general supervision of the State Geologists of Yirginia and North
Carolina. Doctor Laney was assisted in the field rvork in North Carolina
for a part of the time by Doctor Joseph E. Pogue, of the North Carolina
Geological and Economic Survey; and, in Yirginia, by Mr. Joei II.
Watkins, of the Virginia Geological Survey.

The investigation covers an area of approximately 550 square miles,
including parts of Charlotte, Ilalifax, and Mecklenburg counties, Yirginia,
and parts of Granville and Person counties, North Carolina. Chapter I
gives a short but concise geographic sketch of the district, including loca-

tion, topography, drainage, soi1, and climate, closing with a complete

account of previous geologic work in the district in the form chiefly of an

annotatecl bibliography. Chapters II and III discuss the general geology

of the district and give a detailed description and classification of the rocks,

their structure and metamorphism. Chapter IV comprises a detailed.
description of the veins and ores, in which the mineralogy of the ore and
gangue minerals is fully described, and the relations of the copper-bearing
sulphides to each other and the origin and deposition of the ores are clis-

cussed. Chapter Y, entitled, "The Mines ancl Ores of the Virgilina
District," gives a full description of the individual mines and prospects,

closing with a iliscussion of the methods best adapted to the utilization of
the ores.

The traverse map r,vhich has been useil as the base of the geologic map
accompanying ihis report \,vas prepared in coijperation with the Uniteri
States Geologica) Survey.
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The author and the.State Geologists wish to make grateful acknowledg-
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AUTHOR'S PREFACE
During the field work upon which this report on the Geology and Ore

Deposits of the Virgilina District is basecl, the writer had the advantage
of the supervision ancl aclvice of Messrs. Thomas L. Watson and Joseph
If.vcle Pratt, state geologists, respectively, o{ Virginia ancl North Carolina,
and he wishes to gratefully acknowledge his indebtedness to each of these
men who spared neither time nor expense in furtherance of the work.

To the II. S. Geological Survey and to the II. S. Bureau of Mines the
writer is indebted for the privilege of carrying on in their laboratories the
microscopical ancl mineralogical investigations necessary in the preparation
of this report. Many of the facts regarding the texture ancl structure of
the difierent minerals as well as the photomicrographs showing these
structures would have been impossible without the use of the excellently
equipped microscopical laboratory of t}e U. S. Bureau of Mines at SaIt
Lake City, Utah.

During part of the field work the writer had the assistance in North
Carolina of Dr. J. E. Pogue, now Associate Professor of Geology in North-
western University, and in Virginia of Mr. J. TI. 'Watkins, now Geologist
for the Southern Railway Company. Mr. \4ratkins also did the drafting
necessary in preparing the geologic map ancl the plans and drawings illus-
trating the development work at the different mines ancl prospects. To
these men the writer gratefully acknowledges his indebtedness.

To many of the operators and residents of the Yirgilina district the
writer is uncler many obligations. Among these are Mr. A. W-. Tucker,
former manager of the Seaboard mine; Mr. Robt. G. Lassiter, former
manager of the Blue'Wing mine; Dr. tr'ranz Koempel, of the Littlejohn
Copper Co.; the late Mr. Wm. M. Pannebaker, owner of much property
in the district; Miss X'Iorence Pannebaker; Mr. J. D. Battershill, formerly
superintenclent of the Holloway mine; l{r. H. C. Crowell, of the Virgilina
Gold Mining Co.; Mr. F. Durgy, of the Durgy mine; and l{r. John
Taylor. These persons sparecl neither time, pains, nor convenience in
assisting the writer in his work in every way possible for them to do so.

Without their interest and codperation it would hardly have been possible
to collect the data so necessary in the preparation of this report.

To Miss Florence Pannebaker the writer is greatly indebted {or a col-
lection of ores from the Cornfield Prospect No. 1, which enabled him to
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determine the relationship between chalcopyrite, bornite, and chalcocite.
This obligation is gratefully acknowledged in the body of the report, p. 87'

The people of the district without exception were greatly interested. in
the work and were always willing and glad to rencler any assistance within
their power.

Fnervcrs Bernn Laxnv.



THE GEOLOGY AND ORE DEPOSITS OF THE
VIRGILINA DISTRICT, VIRGINIA AND

NORTH CAROLINA
Bv tr'naNcrs B. LaNnv.

GEOGRAPHY AND HISTORY,

GTOGRAPITICAI SKETCH.

Location.-The Virgilina mining district is crossed by the North
Carolina-Virginia boundary line about 140 miles west of Norfolk, Va., ancl

40 miles east of Danville, Ya. About one-half of the area, which up to the
present has been the most procluctive, Iies within each state. The North
Carolina portion, as included in the accompanying map, comprises an area
about 22 miles long and 18 miles wide, and lies in the northwest portion of
Granville and the adjoining northeastern corner of Person counties. The
Virginia area is longer but narrower, is about 50 miles long and 15 miles
wiile, ancl, excepting a narrow strip along the western side of Mecklenburg
County, lies within Halifax and Charlotte counties. The town of Yir-
gilina, from which it takes its name, and which is the principal railroacl
point, is a village of about 600 inhabitants, and is located on the State line
near the center of the most productive portion of the district. The Norfolk
and Danville division of the Souihern Railway, on which the town is located,
crosses the clistrict, approximately following the state line, ancl renders the
center of activity easily accessible. The northern encl of the district, which
contains a number of somewhat promising prospects, but no developed.

mines, is crosseil by the Richmond and Danville division of the Southern
Bailway, which, after crossing the district between Keysville and Drakes
Branch, two railroad and supply points in the north end of the area, turns
southwestward and runs within the area near its westem border to Dan
River. The Durham division of the Norfolk and Western Railway crosses

the Southern Railway at Denniston Junction, about 12 miles west of Yir-
gilina, closely paralleling the western side of the district. Thus it is that
no part of the district, except the extreme southern encl, is without ample
railroad outlet. The waEon roads {or the most nart are fair. and some of
them are good.

Topography.-The Virgilina district lies who1ly within the Piedmont
Plateau, ancl presents the topographic features common to that physio-
graphic province. The topography is mature, the hills are all well rouniled,
and relief is much subdued. In fact, there is little relief noticeable to the
casual observer, except where streams have cut through the Virgilina ridge,
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a low-lying, nearly flat-topped ridge with very gentle slopes, which forms
the most prominent surface feature of the district. The most marked relief
is along Dan River, which crosses the district near its center. This stream
crosses the rocks approximately at right angles to the strike of the
schistosity, and, where it cuts through the Virgilina ridge, the slopes are
steep and the topography is rather rugged. The remainder of the district
is without prominent relief, but is decidedly hilly.

'td
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Fig. l.-Map of a. portion of North Carolina antl Virginia, showing the location of
the Virgilina district.
(Taken from a map of the Unitecl States by the General Land Office, 1915.)



DRAINAGN. SOIL. CLIMATT.

Drainage.-The principal stream is Dan River, which flows in a south-
east direction across the center of the district. \Yithin the area the Dan is
joined from the north by Bannister and Roanoke rivers, ancl from the south
by llyco River and Aaron's Creek. The Roanoke receives Horsepen Creek
from the east, anil Difficult creek from the wes! while Hyco receives BIue
Wing and Mayo creeks from the east. These make up the principal streams,
but rainfall during certain portions of the year is very heavy anil smaller
streams are numerous. The larger streams, especially Dan anil Roanoke
rivers, hold their course regardless of the character of the underlying rocks,
but the creeks ancl smaller streams are greatly influenced, if not controlled,
by it. Rainfall, especialiy during the ivinter and spring months, is heavy,
ancl for the most part the district is well watered.

,Sorl.-The character of the soil clepends upon the nature of the under-
Iying rock. The tuffs ancl other volcanics produce a lean, shallow soil; the
granite produces a strong, rather sanily soil; ancl the other igneoug rocks
break down into a rather sticky but fairly strong soil. Of all the truly
igneous rocks, the diabase produces the leanest ancl least desirable soil.
The volcano-sedimentary rocks-the greenstone and ser:icite schists*as a
rule form a lean and shallow soil. Rock outcroppings are not numerous
except along stream courses, but almost invariably the partially decayed
rock is very near the surface. Such soil is generally lean and does not
procluce good crops except when heavily fertilizecl. The granite is in-
variably deeply clecayetl, and proiluces the most fertile soils in the clistrict.
when properly cared for and well cultivated, the granite soils yielcl bounti-
ful crops, and the most prosperous farms in the district are either in the
rich, ailuvial lands along the rivers or in the granite areas.

I{uch of the district is still in forest, but the greater part of the good
timber has been cut'off, so that what remains is either culled forest or ..old

field" pine. The original timber consisted largely of oak and other hard-
woods with a moderate amount of yellorv pine. The present timber, while
for the most part second class and sma1l, is ample for the needs in mininE
ancl for fuel.

Climate.-The climate of the Virgilina district is agreeable and pleasant
throughout the year. As a rule it is neither excessively hot during the
surnmer nor extremely cold during the winter. The mean annual tempera-
ture is between 55 and 60 degrees tr'ahrenheit. The winter temperature
rarely reaches zero, and in summer does not often go above 90 degrees.
Average yearly precipitation is between b0 and E5 inches and is fairly well
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distributed throughout the year. There is only a moderate amount of snow,

which comes cluring the months of January ancl February, ancl a single

fall rarely lies on the ground rnore than a {ew days. It is therefore feasible

to carrv on out-of-door tvorl< throughout the r,vhole year with little or no

loss of time because of inclement weather. 'Ihe heaviest rainfall comes

during the early spring months antl in the late fall. July and August

are the driest and hottest rnonths. Earlv autumn ancl late spring are

delightful.

Culture.-.L11 types arrd conditions of rural and r.illage life common to

the Piedmont Plateau are leplesentecl in the Virgilina district as includeci

in the accompanying map, Plate I. The type of civilization and culture of

the people of any portion of the district deperids largely upon the fertility
of thc soil upon which they lir,,e. The rocks in which the ores are dcposited

pro-luce a very lean shallow soi1, and, as a consequence, the virgilina ridge

is thinl;'settled, and as a rule the farms are apparently not very plospelous.

on the other hand, the alluvial bottoms and the granite soils are rich and

fertile, and the farms located on these sojls are rvell orderecl and prosperous.

Consiclerabie intelligent effort is constantly being put forth to extenil ancl

improve the country roads, and its results are shorving in graded, well-kept

roads between all the principal towns and villages. More antl rnore at-

tention is being given to schools anil to general social and economic de-

velopment. The people are industrious, hospitable, and favorable toward

outside interests that are calculated to in any way develop the district. In
fact, rnnny places in the district are as attract ye ancl desirable for homes

as any other places in this beautiful section of the llnited States.

The importance of the mining industry varies according to the market

price of copper. As the mines are located, equipped, and operated it costs

from 10c to I}c per pound to produce copper, ancl, as a consequence, when

the price is low the mines are usualiy not operated. Tt is believecl that by

eonsolidating interests, or by rvorking codperatively, that the industry
could be developed until it would at all times be a profitable business.

PREV]OUS GEOI,OGIO IVORK.

The first accolurt of the region in rvhich the \rirgilina ore cleposits occur

is found in the writing of CoI. William Byrcl,o who, as a member o{ a com-

" History of the dividing line betrveen virginia and North ca.rolina, as run in
1728-1729 (published from lhe original manuscript), Richmond, 1866'-.

The Weitover manuscripts. Containing the- history of the dividing line be.

twixt Virginia ancl North Carolina' Petersburg, 184I, pp- 1 !92.. .

The w"ritings of Colonel William Byrd of Westovei in Virginia, Esq. (Edited
by J. E. Bassett), New York, 1901, pp. 1-277'



PREYIO!'S GNOLOGIC WORK.

mission appointed by the states of North carolina and virsinia to settle
a boundary line dispute, in l7z8-17pg, surveyed the boundary line between
the two states from the coast to the Blue Ridge. A few names of streams
commemorate the passage of the party through the virgilina district.
These are: Aaron's Cree\ Blue Wingo (spelled Blewing in Co1. Byrd,s
manuscript and so named by the party because of the presence of great
numbers of a kind of water fowl called Blervings on the stream) ; Mayo
Cree\b named for W'illiam Mayo, a surveyor in the party; and llyco River,
to which col. Byrd gave the name which had been appried to the stream
by the Indians resident in the region, Ilicootomony River,c meaning Turkey
Buzzard.

The account is one of the most readable of its kind ever written, and
contains many valuable notes on the soil, the climate, the natural resources,
and the general conditions of the country through which the party passed.

The earliest record of geological work in the territory, incruded within
the accompanying map of the Yirgilina district, is by W'm. B. Rogersd in
his report as state Geologist of virginia for the year 1g40. A part of
Professor Rogers' work consisted of geologicar cross-sections at short
intervals through the state from east to west. one of these sections
(No. 95 in the plate of cross-sections accompanying the ,,Geology of the
virginias") was made on a line extending through crarksvile and rlalifax
courthouse and passes through the central part of the district as mappecl,
while another similar cross-section maile on a line from Belfield to char-
iotte courthouse passes through the northern part of the district. The
chloritic and schistose character of the rocks were notecl and remarked upon
by him, and, as shown by notes in MacFarlane,s Railway Guide, the
geological clata for which were supplied by professor Rogers, it is clear
that he regarded the rocks of the virgilina district as of pre-cambrian
(Laurentian) age.

of the section passing through Lunenburg, and charrotte courthouse,
he remarks:e

. "1'h" chief 
_ 

peculiarities_ pr-esented in this line are the increasi'g
abundance of the Hornblende-slates and the Hornblende Gneiss. the oc--
currence of chlorite, associated with numerous bands of quartz towards its
western termination .',

" Loc. cit., Vol. 1, p. 93.
D Loc. cit., Vol. I, p. 127.
'Loc. cit., Vol. l. p. 95.

" --d.Rogers,-wT.B.t'R_eport of the progress of the Georogical survey of the stateof Virginia for the year 1840.
Rogers,__Wm. F.: A reprint of the annual reports and other papers on the geol-

ogy of the Virginias. New-York, 1884.
" Geology of the Yirginias, p. 48I.
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x,urther in the same connection, in regarcl to the section passing through

Clarksville and Halifax Courthouse, he says that "the greenish chloritic
and talcose rocks are largely expanded . "

Nothing was known at this time of the copper deposits in the district,
unless the traditions in regard to the Barnes mine (see p. 744) arc correct.

It is reasonably certain, since Rogers cloes not mention the copper ores,

that no mining or prospecting were in progress at the time of his field work

in 1839.

The flrst published description of the ores o{ the virgilina district is a

short account of the then recently opened Gillis mine, by Ebenezer Emmons,

State Geologist of North Carolina, in his report on the Midland Counties,o

published in 1856. Emmons visited the district in the early spling of

1854, and studied the mine in considerable detail. He classified the country

rock as "an altereil slate belonging to the Taconic system." A brief

description of the vein is given together with a list of both gangue and ore

minerals. Ile remarks that the "vitreous copper" (chalcocite) did not

change with depth to the "yellow sulphuret" (chalcopyrite) as was ex-

pected. The account closed with a statement that:
,,The inclications which the rocks furmsh, taken in connection with the

fact that there are other veins than the one describecl in this neighborhootl,
are that this part of Person and Granvilie (counties) will prove a mineral
district of consiclerable importance."

In 185? Dr. C. T. Jackson maile a private report on the Gillis mine and

the then knor,vn copper-bearing district from which Kerr and Hannab make

the following quotation :

"Thestrataareoccasionallydisruptedbydikes;atout-halfamile,
from the Gillis mine,.and dippiirg westivard tb it, is a dike bearin-g N'.20
degrees E', containing abuntlant'sprigs and- grains 61- disseminateil native

"ofrp"r. 
Epi4ote occuis both in the tr;p rock and in the quartz, anil in the

slate strata near the dike, which seeori to indicate that the trappean rock
ie of the same geological age as the quartz veins'"

The present writer visitecl this so-called dike and examined the inter-

vening territory between it and the Gillis mine in close detail, ancl was

unable to find even .an indication of a dike. The rocks refeneil to as

carrying native copper are portions of the massive andesite, and. are usually,

if not always, porphyritic and occasionally amygdaloidal. so far as our

observations have extencled, the only dikes at al1 closely associateal with the

,Emmons, Ebenezer: Geol0gical report of the Midland counties, North caro'
lina Geological Survey. Raleigh, 1856, pp. 344-346.

a Kerr,-W. C., and Hanna,Seo. B.: The ores of North Carolina-:^-b^eing 
^C-h^apter

II of the second volume of the geology of North Carolina, Raleigh, 1893, p' 2I9'
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ore bodies are the diabase dikes described on pages 10? and 1BB, which bear
no genetic reiation whatsoever to the ores and veins. Such errors as the one
just quoted fiere made before the nature of the rocks had been determinecl,
antl on such grounds are certainly pardonable.

In 1857 Emmonso published his text-book of American geology in which
he discussed in some detail his ..Taconic,, rocks of:North Carolina, and the
veins and economic minerals contained in them. He adds little or nothins
to what was included in his report on the Midland Counties.

During the civil 'war little or no mining was done in the virgilina
district, and, so far as the material available to the writer goes, little or
nothing of importance was published on the geology between the appearance
of Emmons' report on the MiiLland counties, and the pubrication of Kerr,s
Geology of North Carolinab in 18?5. Accompanying this report is a
geologic map of the state which places the Taconic rocks of Emmons in
what Kerr called the Huronian, or the uppermost division of the Archean
as defined by him, but nothing is said of the \rirgilina district.

rn 1893 there appearecl Kerr and Hanna'sc description o{ the ores of
North carolina, in which is given a short description of the district as a
lr'hole, and detailed notes on the mines in operation rvhen the report was
rrritten. These authors say that the formation immediatery encrosing the
veins is "chloritic slate," thus correcting the statement of Emmonsd that
the rocks are argillaceous slates. This report gives a geologic map of the
state on which the Yirgilina district is located.

One of the most important papers Lrerring on the geology of a region
similar in some respects to the Yirgilina district, the catoctin belt, was
published in 1893 by Arthur Keith,c who states that in 1g90 he recognizeii
the volcanic nature of the schists of catoctin Mountain and the Btue Ridge.
This was four ;.s41s before trvitliamsf published his paper on the clistribution
of ancient volcanic rocks along the eastern border of North America, and
two years before he published his article on the volcanic rocks in the

. -"Emmons, Fbenezer:, Am_erican Geology,,containing a statement of the prin_
cip-les of th_e_s-cience, r,vith full illustration"s" of the charicteristic American fossils;2 Pts. in I Vol., 18b7.

_ _D.Kerr,--W. C.: Report on the Geologicai Survey of North Carolina, yol. l,Raleish. 1875.

-- 'Yterr, W. 9., and Hanna, Geo. B.: The ores of North Carolina: being Ohapterrr of the second volume of the georogy of North carorina, nor"igt iiss, pp:. 2r4:22r.. d Loc. cit., p. 345.

.- ' I(eith, Arthur: Geology of the Catoctin belt, U. S. Geol. Survey, 14th Ann.Rept., Pt. f., 1893, p. 29E.

^-^.t^_Yill]i1:: 9"a._tg9,H.' The distribution of ancient volcanic rocks along theeastern border ot tr-orth America, Jour. of Geol., Vol.2, 1g94, pp. 1_BI.
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Catoctin region of Maryland and Virginia." It, therefore, appears to be

clear that to Arthur Keith must be given the credit for first recognizing

the true nature of the great group of volcanic rocks along the'eastern coast

of the Ilnited States.

Keith is also the first geologist who recognized in the Catoctin region of

Yirginia,b and described in great detail, volcanic rocks similar in some

respects to the volcanics of the Virgilina district' The sequence of the

rocks in the Catoctin belt as determined by Keith" is the same as in the

Virgilina district. Other significant close resemblances betrreen the rocks

of the two localities are that they have approximately the same mineral-

ogical anil chemical composition (see pp. 33 and 34 for chemical analyses of
the two), and the andesitic volcanics of both districts contain someryhat

similar granite intrusives. These facts suggest that both are of the same

age, and that both lvere deposited under somewhat the same conditions.

In 1894 Williamsd published his paper on the ancierit volcanic rocks of

the eastern border of North America, which served to call attention to the

fact that such rocks exist in great quantity along the Atlantic seaboard

from Nova Scotia to Alabama. He does not mention the volcanics of the

Virgitina distric! but discusses in considerable tletail clifferent types of

volcanic rocl<s a short distarice southwest of the district. This paper is
one of the most important contributions to the geologv of the general region

in which the Virgilina mining district iies.

In 1896 there appearecl a bulletin of the North Carolina Geological

Survey by Nitze ancl lTanna" on the gold ores of the state- They retain
Kerr's classificatiorr of the metamorphic slates, as Lluronian, but adcl con-

siderable descriptive matter in regard to the rocks. Sjnce the publication
of Ker/s report sonre of the rocks making up his Huronian hacl been recog-

nized as of volcanic origin. No detailed geologic work haal been rlone in
the Yirgilina district and it is givep about a page ancl a half, for the most

part a brief summary of the data given in Kerr and llanna's ores of
North Carolina.

In 1899 Phillipsl published a popular account of the mining operations

then in progress in the Virgilina district, aclding ver,v little to the knowl-

'Am. Geologist, VoI. 8, 1892, p. 366.
D Loc. cit., pp. 302-318.
'Loc. cit., opposite p. 312 ancl p. 318.
d Williams, George H., The distribution of ancient volcanic rocks along the

eastern border of North America, Jour. of Geo1., Vol. 2, 1894, pp. I-31.
'Nitze, Henry B. C., ancl Hanna, George B.: Gold Deposits of North Carolina,

N. C. Geol. Survey, Bulletin No. 3, Winston-Salem, 1896.
tPhillips, Wiiliam B.: Copper deposits of North Carolina, American Manufac-

turer, March 17, 1899; Abstract, Eng. and Min. Jour., \ro1.67, 189f). p.382-
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edge of the geology, beyond the conclitions of mining and a partial list of
the minerals making up the ores. He stated that the .,country rock is
slate, quartzite, etc., and porphyry belonging to the olclest formations,
probably Laurentian, and in places impregnated ivith copper-bearing
material apart from the seams (veins) themselves.,, He also published a
similar account in Mineral rndustryro describing in sorne cletail the Hol]o-
way and Blue Wing mines.

In 1900 'Weedb published his "Types of copper deposits of the Southern
Uniied States," and in it gar,e the first detailed account of the geology of
the clistrict. weed, so far as the writer is aware, was the first to recognize
the true character of the rocks in which the cleposits occur. He says, in
this connection:c

"'l he rocks are all of igneous origin-even the softest and most shaly
show this character in thin sections irnder the microscope. But in a ferv
instances oniy, is-the igneo's nature of the schists recog'nizable to the eye.
'I'his was observecl at the 'I'homas mine, rvhere a purplis-h rock is clearly a
por_phyritic meta-a.ndesite. These schists are cut by dikes of later ignebus
rock (diabase). . . Apart from the dikes, however, I would say, on the
strength of field observations alone, that the rocks are of igneous origin,
and belong to the various porphyries rn'hich have been disc'overed in'ihe
Appalachian belt. This conclusion is conflrmed bv microscopic examination
of thin sections, rvhich has shown the rocks to be"altereil aidesites. that is.
meta-andesites and andesite tufrs-,,

rn addition to this ilterpretation of the rocks of the clistrict weecl,r
describes four tvpes of coppel cleposits in the Southem rlnitec] states as
follows:

"1. The first._typ^e-_of deposit is that of a true fissure-vein, the quartz
vein-formed bv the fllling of opcn cavities, 'rvith only minor ancl accessory
replaccment_of"country r&k. The virgilina ileposits" are representative of
this type. flhe ore is.glance and- bornite, without chalcopyrite or pyrite.
The veins cross the schists or conform rvith them.

"2. The second type is that of auriferous quartz veins common in the
Appalachians. Although true fissure-veins, they- are formed by the replace-
ment of^c-ountry rock along sheeting-planes or tiue fissures, and accomp-anierl
by the filling of open cavities as a minor and accessorv feaiure. rt is named
from the Gold Hill mines, rvhere such veins ha'r'e vieldett sevcrll millions in
go)d.

"3. The third.tplRe is a p)rrrhotite-v6i11-& hus fissure-vein the fillingof which is essentially pyrrhotite or pyrite, almost barren of quartz, anE
represents the replacement of a zone bf sheeted rock which wai comnosed
largely of metamorphic minerals.

"Mineral IndustrS', Vol. 7, 1899, p. 2ll.
b lVeed, Walter H.: T1'pes of copper deposits in the Southern Uniterl States,

Trans. Am. Inst. Min. Eng., Vol. 30, 1900, pp. ++O-SO+.
c Loc, cit.. n. 454.
dLoc. cit., $. 452.
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is that the geology of the ores and associatecl rocks of the Keysville area

in Charlotte County, which represents the northern extension of the Vir-
gilina district, were described for the first time, and their identity with
those of the Virgilina district farther south was pointed out.

In 1906 Judd@ publishect a short illustrated article on the Virgilina
district, dealing in a popular way with the development of the district, and

inclucled short descriptions of the principal mines, and a few general notes

on the geology of the district. Beyoncl bringing the account of the develop-

ment of the district up to the date of publication, the article arlds little to
the geology that r'vas not already known.

In I90? Watsonb again published an account of the Yirgilina district,
summarizing what he had previously published in the different articles

herein listecl, together rvith additiona] notes on the development rvori<.

In 190?, Weedc included a brief summary of the geology of the copper

cleposits of the virgiiina district jn his book entitlecl "The copper l\{ines

of the World".

In the early {a11 of 1908 the North Carolina Geological Survev pub-

lished a preliminary outcrop ancl tentative geologic map of the North
Carolina portion of the \rirgilina clistrict by Laney and Pogue.d This is

a traverse map on rvhich the geology and veins and mines rvere shorvn. The

I,vork has since been revised and correctecl, ancl the rnap and all the data

shorvn on it are incorporatecl in the present report.

In 1910 the rvritere publisheci a report on the geolog.l' and ore cleposits

of the Gotd Hill clistrict, a clistrict lying about 150 miies southwest of the

Yirgilina tlistrict, rvhich in pal{ inclucles orc deposits and rocks similar in
all respects to those of the Yirgilina rlistrict. The ti,vo districts resernble

each other in that their most important rocks are of volcano-seclimentar,v

origin, which rvere first highly metamorphosed ancl rendered largely
schistose, and then, later, intruclecl by large boclies of igneous rocli, granite,
diorite, and gabbro. Ifost of the volcano-sediinentary rocks of the Gold

"Judtl, Edward K.: The Virgilina copper belt, Eng. and X{in. Jour., VoI.82,
1906. nn. 1005-1008.

'$ratson, 'llhomas L.: Mineral resources of Virginia, Lynchburg, 1907, pp.
454-500.

" \Veed, Walter Harvey: The Copper Mines of the World, HiIl Publishing Co-,
N. Y., 1907,375 pp. Iliustrated. (For Virgilina district in Virginia and North
Carolina, see pp. 270-272.)

d Lane5r, F. 8., and Pogue, ,I. J1., Jr.: An outcrop map of the Virgilina copper
district, N. C., N. C, Geol. and Economic Survey, 1908.

'Laney, F. B.: ilhe Gold Hiil Mining district of North Carolina, N. C. Geol.
Survey, Bull. No. 21. Raleigh, 1910.
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HilI district are rhyolitic or dacitic in character. There is, however, a

fair-sized area of greenstone, massive antl schistose, porphyritic and tuff-
aceous, and of basaltic or andesitic character which is very similar to the
greenstone schists of the Virgilina district. It carries small deposits of
copper ores similar in all respects to the Yirgilina ore deposits.

Following the Gold Hill report there appearccl in the sarne year (1910)
a report of the Cid mining district of Davidson County, North Carolina,
by Pogue.o This district adjoins the Gold llill district on the northeast,
and contains similar volcano-sedimentary rocks, except the greenstone.
The geology of the clistrict is summarized as follows:

"Wide bands of a sedimentary, slate-Iike lock, composed of varying atl-
mixtures of volcanic ash and land waste, have the greatest areal extent.
Intercalated with these occur strips and lenses of aciil and basic volcanic
rocks, represented by {ine- and coarse-grainerl volcanic ejecta and old lava,
flows. The acid rocks include fine tuffs, coa.rse tuffs, and breccias, chiefly of
a rhyolitic anil tlacitic character; together rvith flows of rhyolite and clacite.
The basic series embraces fine tuffs, coarse tuffs, breccias, ancl florvs of an
andesitic and lrachv-andesitic stamn. Gabbro and diabase dikes cut the other
formations.

"'I'he region has suffered a period of severe dvnamic matamorphism or
mashing, consequent upon a great compressive force which squeezed the beds
into enormous folds; followed bv a time of chemical alteration and mineral-
ization; which in turn was sieceeded b1' a long period of erosion anil
rveathering. The rocks have suffered to a variable degree from all these
factors. In general, each formation has a rnassive and a mashed or
schistose phase, with every gradation between the two. Finally,
erosion has planerl off all the upper portion of the folded series; but rveather-
ing has proceeded in excess of erosion to such an extent that the region is
now deeply decayed, so that only here and there the rocks project through
a thick mantle of decomposed rock or soil."

In 1911 the writerb published an account of a detailecl microscopic
study of the ores of the Virgilina district with a ferr general statements
in regard to the geology. In this paper it was shown by photomicrographs
of polished sections of the ores that the chalcocite is of trvo periods of
deposition, one later than the bornite ancl derived from it, and one inti-
mateiy intergrown with and believed to have been depositecl contempo-
raneously with the bornite, r,vhich was beliei,ed to be of only one period of
deposition. The general conclusions as stated in the paper are as follows:

" Pogue, Joseph E.: The Cid Mining district of Davidson County, North Caro-
lina, N. C. Geol. Survev, BulI. No. 22. Raleigh. 1910.

D Laney. X'. B.: The relation of bornite and chalcocite in the copper ores of the
Virgilina district of North Carolina and Virginia, Ploc. Ii. S. Nat;I^ Museum, Vol.
40, 1911, pp.413-424.
,__ L._1ney,_tr', p.: The relation o{ bornite and chalcocjte in the copper ores of the
Yirgilina district of North Carolina and Virginia, Economic Geologl', \rol.6, I9ll,
pp.399-41r.
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"The rocks of the Vireilina district are greenstone and sericitic schists,
rvhich in places bave bcen jntrrrded by granite and gabbro. The intrusive
rocks sho\,v none of the schistosity of the other rocks. The schists have been
derivecl from a series of volcand-sedimentary rocks of two types-andesite
and quartz porphyry, with a preponderating amount of tuffs corresponding
to these rock types. Their age is probably early Paleozoic.

"The veins are true fissure veins r.vhich have a more northerly trend than
the schistosity of the countr;' rock, and the fiIling of which is quartz,-about
70 per cent silica-r'r'ith local and varying amounts of epitlote and calcite.
'I'he ore-bearing veins are confined to the more basic portions of the green-
stone schists, and the values lie in rvell-clefinecl ore shoots.

"The ore minerals are bornite ancl chalcocite. They apparently prefer
the quartz, but are not confined to any one of the gangue minerals. Bornite
is present in slight excess over chalcocite, ancl is apparently of only one
period of deposition. Chalcocite is clearly of two periods: One confined
to the upper-portions of the veins, more r-ecent than, and filling a network

'of minute fractures in, the bornite; the other contemporaneous and inter-
grown often crystallographically with Jt. there is no evidence that any of
the bornite is of secondary origin. It is, therefore, believetl that in the
Virgilina district the greater part of the chalcocite is a primary mineral
contemporaneous with the bornite and in no rvay derived from it, or from
a4y other copper-bearing mineral, by processes of secondary alteration."

In 1911, Weedo published a rather detailed description of the geologic
character and mode of occurrence of the ores and associated rocks of the
Virgilina district in Virginia and North Carolina. Individual descriptiol
was gi\ren of the principal mines, accompanied by many drarvings as text-
flgures illustrating special features of the veins and ores.

DESCRIPTION OF T}IE ROCKS.

INTRODUCTION.

The Virgilina district lies wholly within the Piedmont Plateau and like
that physiographic province is made up almost wholly of igneous and highly
metamorphosed rocks. They inclucle ancient metamorphic gneisses and
schists the origin of vhich is unlinorvn; a series of volcanic rocks of both
acid ancl basic types and volcanic clastics of each type, together r.vith much
volcano-sealimentary material; irrtrusive rocks of both basic aild acicl types,
such as gabbro, diorite, granite, and syenite; a smali area of red or browrr
sanalstone of Triassic-Newark age; ancl different tvpes of dike rocks,
especially diabase. lixcept the jntrusives, the sandstone and the dikes,
the rocks are all highly schistose anal gneissoid in texture, the meta-
morphism having been so extensiye in most cases that littie of the original

" Weed, Walter Tlzurvel': Copper Deposits of the Appalachian States, BuIl. 455.
U. S. Geol. Surve,v, 1911, 166 pp..5 plates and 22 text-figures. (X'or the Virgiliria
district, see pp. 67-89.)
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str-ucture ancl texture and few of the original minerals of the rocks remain.
The acid yolcanics originally were rhyolite or quartz porphyry and rhyolitic
tuffs, but in their present condition are largely sericitic schists which may
or may not show more than remnants of their original minerals and texture.
In this report these rocks are described uniler the name Hyco quartz
porphyry. The basic volcanics, for which the name Virgilina greenstone is
proposeal, were originally andesite ancl andesitic tuffs, but have become
through intense metamorphism chlorite-epidote schists or simply greenstone
schists. These for the most part retain something of their original
minerals. The greenstone schists are more ciosely associated with the ore
deposits than any other rocks in the district. In facf so far as exploration
has extended, the productive veins in the clistrict are confined to these
rocks. The rocks referreil to as of volcano-seclimentary origin consisted
originally of andesitic ash and tuff with which varying amounts of land
waste were internixed at the time of deposition, which probably took place
uncler water. It appears that conditions were extremely variable at the
time of their deposition, and that during some periocls volcanic material
predominated, antl at others teuigenous material was most abundant. Thus
some beds or bands of the rock consist almost wholly of volcanic material,
while others are made up largely of land waste, while in much of it the
two are about evenly mixed. Thus, on the one hand, these rocks may be

fairly pure greenstone, and, on the other, fairly pure sanalstone and con-
glomerate together with many beds made up of the two types of material
in varying proportion. Irike the other volcanics these rocks, which lvere
called "santly tufis" during the fielil work, have been highly metamorphosecl
and are now gray, and greenish-gray, sandy schists with more or less of
their original texture antl minerals remaining. Some narrow bancls are
fairly pure conglomerate, some are largely argillaceous sandstone, others
are fairly pure greenstone, but the greater part of the formation is made
up of different amounts of each. The name Aaron siate has been proposed
for these rocks.

. The intrusive rocks, while they are deeply weathereal and broken by
joints, and have sufferecl more or less chemical metamorphism, are massive;
that is, they show little or no schistosity. Of the intrusives, the gabbro,
while it shows little or no schistosity, has suffered the greatest amount of
alteration, which has been chemical rather than dynamic, and has to a great
extent destroyed the original minerals of the rock.

The'red ancl brown Triassic sandstones ancl conglomerates are much
jointed and weathered. These rocks contain much shaly material, and

15
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consequently are easily afiected by the agencies of weathering. Aside from
these alterations they are fresh and show no effects of metamorphism.
This sandstone occupies only a small portion of the area-merely a patch
along the west central portion of the district near the town of Scottsburg,
and is of little importance so far as the general geology of the district is

concerneil.

The dikes, almost wholly of diabase, and of Triassic age, are widely
distributed throughout the districf are always small, and are of little im-
portance in the geology of the district. They are all deeply rveatherecl,
and, as a rule, have no surface outcrops except small rouncled boulclers

scatterecl here and there on the surface along the trend of the dike. In
the Blue Wing and also in the Durgy mine a dike was encountered in the
development work. In the BIue trYing mine the dike intersects the vein.
fn neither case has the dike had any influence upon the ore, and their
occurrence together in the two instances is wholly accidental.

The rocks will now be considered in greater detail, beginning with the
oldest formations represented in the district, the biotite and the hornblende
gneisses and schists. It might be well to state here that this report has to
do primarily with the economic features of the district-the ore deposits-
and that the writer believes it not best to burden it with too much detailed
petrographic description. In this chapter, as in the report as a whole, he

will endeavor to give only the most important features of the rocks ancl

such details as appear to be necessary to a thorough understanding of the
economic features of the district. While a detailed study of the roclcs from
a petrographic standpoint is, from the viewpoint of pure science, very
desirable, the writer believes it rvould detract from rather than add to the
usefulness and interest of a purely economic report. The practical mining
engineer, the investor, and the mining public in general are much more
interested in the facts closely related to the ore deposits ancl such con-

siderations as their distribution, their relation to the rocks in which they
occur, their continuation in depth, their mineralogy, and other practical
factors, than in petrographic details. The rocks making up the ore-bearing
horizon, the veins, the ores, and the structure so far as it may be of im-
portance in studying, developing, and locating ore deposits, are therefore
discussed in considerable detail, while many other factors of equal scientific
interest are treated only in a general way.



GNEISSOID ROCKS.

GNEISSOID ROCKS.

lVlica Gneiss.

The oldest geological formation in the Virgilina district is a mica gneiss
or mica schist, a narrow strip of which is included along the western side
of the district as shorvn on the accompanying geologic map, Plate I. This
formation has a wide distribution west, southwest, and nodhwest of the
district, ancl, in fact is one of the most important geological formations of
the Piedmont Plateau. In general characteristics it closely resembles the
Carolina gneiss of Keith,@ a formation of rvide distribution in central ancl

westerrr l{orth Carolina and South Carolina.
The rock consists of fine to coarse mica gneiss, mica schist, ancl fine

granitoid layers. In places it contains veins anal lenses of pegmatitic
material varying in wiclih from less than an inch to more than a foot.
These usually 1ie parallel with the schistosity, but in some instances cross

it. Quartz veins of similar distribution are not uncommon. It is indeed
believed to be the same rock described by Keith and others as Carolina
gneiss. In fact Keith's description of the Carolina gneiss of the Wash-
ington, D. C., folio is so characterjstic of the mica gneiss of the Virgilina
district that it might have been written rvith the Virgilina roclr in mind.
Ile says:b

"llhe formation is composed of alternating layers of gneiss and schist
of a prevailingly gray color, dark bluish grav lvhere fresh and greenish or
yellowish gray where weathered. Individual bands vary from ei few inches
up to several feet in thickness, with an avera,ge of perhaps less than a foot.
Both hinds of layers are highly siliceous. ancl are composed mainl-v of quartz,
orthoclase, a"nd pla.gioclase fieldspar. uruscovite and biotite. In places the
rock contains numerous small crystals of garnet. Quartz and mica pre-
dominate in the mica-schist, and quartz and feldspar in the mica-gneiss,
some of the latter having the aspect of a fine granite. Certain layers of the
gneiss are to be seen in which the quartz and feldspar bodies have the ap-
pearance of sedimentary pebbles, a resemblance which is probably deceptive.
These individuals are usuaily round; occasionally, however, they are
flattened into "eyes." They seldom have a diameter greater than one-fourth
of an inch. The original nature of the gneiss, whether igneous or sedi-
mentary, is quite unknown. 'I'he thickness of the formation can not be de-
termined in any way because there are no distinctive beds, but judging from
the large area which the formation covers, its thickness is doubtless many
thousands of feet."

The rock is deeplv weathered; in fact, no natural outcrops were found
except along stream courses. Typical exposures of this rock as well as of
the hornblende gneiss may be seen along the Southern Railway near

"U. S. GeoI. Survey, Geologic Atlas of the United States, No.70 Washington
folio. 1901.

b Loc. cit., p. 2.
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Denniston Junction. The soils produced from this rock are usually light,
somewhat clayey, and red or reddish-brown in color.

Hornblenile Gneiss.

Occurring in intimate association rvith the mica gneiss are narrow and
irregular areas ancl dike-Iike bands of hornblende gneiss. This rocl< tallies
very closely in texture, composition, anil in mode of occurrence ivith the
Roan gneiss of Keith.o Tn fact his descriptions of the Roan gneiss, so far
as texture and composition go, are equally applicable to the hornblende
gneiss of the Virgilina district. The color is usually a greenish-black, but
in some instances is considerably lightened by a greater amount of white
material, for the most part plagioclase felclspar, but with varying quantities
of quartz. It is a well-defineiL gneiss, consisting of alternating bands of
hornblencle and the light-colored minerals just mentioned. The texture
of the rock varies considerably, but it is usually of medium grain. There
is nolvay of determining its age or its original condition. It is believed,

horvever, to be younger than the mica gneiss and intrusive into it. As
comparecl with the mica gneiss it has a small distribution, ancl is not found
in any other formation in the district. Like the mica gneiss it is deeply

weathered, antl natural outcrops are rare.

VOLCANO.SEDIMENTARY ROOKS.

IN'IRODUCTION.

The rocks clesignated as of volcano-seclimentary origin are by far the
most important formations in the Yirgilina district, and make up at least

three-fourths of i.ts areal extent. Under this group are placed both the
acid and basic flows ancl tuffs, and the water-laid tufis and slates. They

occur as narrow belts or bands with fairly regular outline, and extend the

whole length of the district. They, especially the basic (andesitic) flows

anil tuffs, are the most resistant rocks of the region, and fortn the most
prominent elevations in the district the Virgilina ridge, and also constitute
the ore-bearing horizon. The geologic relation of these rocks to the under-
lying schists ancl gneisses is not definitely known. They are believed to
rest unconformably upon the gneisses anil schists, although it is possible

that they were brought in by faulting. Ifowever, if such faulting exists, no

o U. S. Geol. Survey, Geologic Atlas of the Unitetl States, No. 90 Cranberry
folio, 1903.
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evialence of it was cletecteil. tr'or'convenience of description the formations
will be treated under the following formation names: the Hyco qtartz
porphyry, the Aaron slate, the Virgilina greenstone, and the Goshen schist.

The Hyco quartz porph,qry consists largely of quartz-sericite schist,
which represents a masheil anct otheru'ise metamorphosecl quartz porphyry
or rhyolite, and which t'as tuffaceous in certain areas. 'I'he formation ap-
pears to be the oldest of the volcanic rocks, at least its areal distribution
indicates that it unclerlies the other volcanics. rt occurs as a narrow belt
on each side of the district as shown on the accompanying map, Plate I.
Its Jargest anc'l nost tvpical exposures occur along Hyco River, from which
it is namecl.

The name Aaron slate has been appliecl to a siate-like rocl< fomed by
mixtures of varying amounts of andesitic rrolcanic ash ancl ordinary land
waste, lvhich through pressure ancl other agents of metamorphisrn have
been changecl or altered into a kind of hybrid slate-in some places into a
schist. It varies from nearly pure greenstone to fairly pure argillaceous
sanclstone and slate, and in cer-tain places is decidedly conglomeratic. It is
reahzed that the rock is by no means a normal slate, and the term slate
was applied to it only after much hesitation ancl many vain attempts to
find a better name. It is the formation immediately overlying the Hyco
quartz porphyry, arrd, like it, is exposed in long narrorv bancls on each side
of the district. It is well exposecl in many places along Aaron,s Creek,
from which the name is taken.

The name Virgil'i,rta greenstone has been given to the schistose green-
stone in which all the developed ore deposits are located a.od which forrns
the Virgilina ridge. It is the altered equivalent of andesitic flows ancl
tuffs antl, rvhile allvays more or less schistose, is, in some places, decidedly
porphyritic and in others plainly tuffaceous. ft occurs as long and narrorv
banils rvhich make up the backbone, as it were, of the district. The rock
occurs in tvpical development in and near the town of VirgiJina, whence
the name.

The term Goshen schist is appliect to a highly schistose acid tuff, prob-
ably a tuffaceous phase of the llvco qttartz porphyry. In most places it is
so hig-hly alterecl that little or nothing of its original structure anrl texture
is cliscernible. Its manner of occurrence and its relations to the adjacent
formations strongly suggest that it is the same as the Hyco quartz porphyry,
only much more tuffaceous. It is so namecl because of its typical occurrence
in the southeastern part of the district in the vicinity of Goshen.
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Ilyco Quartz Porphyry.

Qc5qrvsncs._The Hyco quafiz porphyry or rhyolite lies unconformably
above the mica gneiss and the hornblende gneiss, and occurs as a narrow

band on each side of the Virgilina district as shorvn on the accompanying

geologic map, Plate I. In a few localities the rhyolite is apparentiy lack-
iog. In two places, one in the extreme southwest cofller of the district,
and the other a short distance southwest of the confluence of Dan and

Roanoke rivets, the formation is cut out for a short distance by the Redoal<

granite. It is also apparently missing for a short clistance along the rvestern

side of the district near the town of Clover. In the extreme southeast

portion of the area the place of the rhyolite is apparently taken by the

Goshen schist, which probably represents the highlv metamorphoseil tuff-
aceous phase of the quartz porphyry.

The largest area of the formation is found on the west side of the

district along Hyco River. At this place it attains its greatest width
as well as its most typical development. Tn some places there occur quartz

veins apparently similar to those in the Virgilina greenstone, but almost

inr.ariably without ore, or, if not rvholly barren, canying onlv a trace of
valuable metal.

Macroscop'i'c d,escri,ption.-It must be borne in mjnd that, while this
rock is described as a quartz porphyry or rhyo)ite, the name applies more

appropriately to its original than to its present condition. If one regarded

only the present texture of the rock, he would call it a sericitic schist which
in fact the rock really is. Since much of the formation.retains enough

of its oliginal texture and minerals to enable one to recognize it as a quarbz

porphyry, it was decided to describe it under that name.

While the llyco quartz porphyry is, in all instances, decidedly schistose,

there is usually, except in the decidedly tuffaceous phases, and in some

cases even in these, enough of the original texture of the rock remaining
to enable one to identify it rvith the unaicletl eye with a consiclerable degree

of accuracy. It occurs in two phases, one of meclium texture and decidedly
porphyritic, with pheuocrysts of both quartz ancl feldspar, and the other
plainly tuffaceous or fragmental. While much of the rock is tuffaceous

and so highly metamorphosed. that its original texture has been more or
less completely destroyed, the greater part is to a considerable degree

massive and is clearly porphyritic. The strike of the schistosity as well as

its dip is similar to that of the other schistose rocks of the district, ancl

varies from N. 10 clegrees to N. 40 degrees east. The dip so far as was

observecl is always towarcl the southeast from 70 to 80 clegrees.



IIYCO QUARTZ PORPHYRY.

The color of the rock is usually iight gray, that of the porphyritic
phase always so, while the tuffaceous phase varies from light gray to
purplish-gray, the color being due to iron oxides. About aII that can be
learned with the unaided eye in regard to the rock,s texture ancl min-
eralogical composition is that it is usually highly schistose, has a dense
light gray or nearly white matrix in which are numerous phenocrysts,
mashed out into lens shapes, of feldspar and quartz. Sericite, recognizable
because of its pearlv luster, coats the surfaces of the fragment's of the more
highly schistose phases. In the tuffaceous phases the fragments are mashecl
anil smeared out, but are easily recognizecl, especially when a cleavage
surface of the rock is examined. On such a surface the fragments show as
irregular blotches or spots of varying color.

n'ew, indeed. almost no, natural outcrops of this formation were seen.
The rock seldom outcrops at all except in and along streams, and in road
and other artificial cuttings.

Microscoltic ilescription.-In thin section, under the microscope the fol-
lowing minerals are recognizable: Quartz, orthoclase, plagioclase varying
from albite to oligoclase-andesine, hematite, and sericite in large amount.
The phenocrysts are frequently fragmental, and the quartz usualiy shows
resorption emba;rments. These are irregularly distributerl throughout a

dense, usually cryptocrystalline groundmass of quartz and feldspar in
individuals so small that the microscope all but faiis-in some instances
does fail-to resolve it. The alteration products of the rock usually contain
much sericite, which is readily clistinguishable by its high polarization
colors. The feldspar phenocrysts are all much altered, but they are usually
fresh enough for identification. Quartz phenocrysts were not found in all
specimens of eyen the most massive phases of the rock. When they occur
at a1l, they are usually in anhedral forms, occasionally as rvell-defined
crystals, and rarely as fragments, and show well-for:rned resorption embay-
ments fiIled with groundmass material. The feldspars, both orthoclase and
plagioclase, occur in short, stoc\' prisms. They often show twinning and
in rare instances zonal development. They a.re often fragmental and in
most instances so badly altered that identification is by no means an easy
matter. Sericite is always present in large amount and at times is the
most prominent mineral in the rock. All phenocrysts show the effects of
mashing in that they are more or iess in the form of lenses or ..eyesr, ancl
they usually show typical undulatory extinction.

A few minor accessory minerals, such as zircon, apatite, hematite, etc.,
are present, but in such small amount that they are unimportant.
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Chemical composition.-A specimen of the typical porphyritic quartz

porphyry was selectecl for chemical analysis and gave the results in I in
the following table. Numbers II to V, inclusive, are analyses of some-

what similar rocks from localities to the north of the Yirgilina district in
Pennsylvania anal Maryland and to the southwest in Daviclson County,

North Carolina, and are includecl for comparison. It is clear from the

analyses that the rocks are all closely relatecl, the principal clifferences being

in the lime and alkali content and minor variations in the amount of

silica. Analysis Y is of a sericite schist from South Mountain, Pennsyl-

vania, and is almost a cluplicate of the analysis of the Virgilina quartz

porphyry. Both rocks have sufferecl a high degree of metamorphism. It is

believed tha! cluring the alteration from a rhyolite to a sericite schist, the

greater part of the NarO might be removed while the KrO uniting with
other elements to form sericite woulcl remain. It is perfectly clear flom
the analyses that the rocks are all simiJar, and that if one is a quartz

porphyry all are qtartz porphyries.

Analyses of quartz porphyry.
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Typical quartz porphyry, Blue Wing Creek, 3 miles north of Christie, Va'
Wm. M. Thornton, Jr., Analyst.

Rhyolite from X'lat Swamp Mountain, Daviclson Coult-y, North--C^arolina'-J. 
E. Pogue, Analyst, B:u11. No.22 N. C. Geological Surley, l9l0' p.54'

Devitrifierl t"hy,int" fiom South Mountain, Pa. C. H. Henderson, Analyst,
Williams, G. II., The volcanic rocks of South Mountain in Pennsylvania
and Marylancl. Am. Jour. Sci., Vol. 44, 1892, p. 493.

Aporhyolite, 
-Monterey, 

Berks County, Pa. H. N. Siokes, Analyst, U. S. Geol.
Survey, Bull. 150, p. 343, X'lorence Bascom.

Sericite s"chist, Pine drove tr'urnace, South Mountain, Pa. W. T. Schaller,
Analyst, U. S. Geol. Survey, Bull. 419, p. 30.
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GOSHDN SCHIST.

weathering and soil.-F'cept in localities, such as along stream cou'ses,
where erosion is exceptionally active the quartz porphyry weathers some-
wha! but very little faster than the d6bris is removecr by erosion. rrence,
aside from such localities, and in roacl andl other artificial cuttings, the rock
is almost invariably covered with shallow soil. Alonq streams it forms
rather rugged blufis of dirty gray color. The soil is usually thin, lean,
sandy, anil not very productive unless heavily fertilizecl.

Goshen Schist.

General d,escription.-The terrn Goshen schist is used to ilesignate a
highly schistose, clastic, acirl roclr, probablv of r.olcanic origin which is
extensively der.elopecl in the southeastern portion of the virgilina district
in the vicinity of Goshen. Microscopic examination of thi' sections of the
rock renders it reasonably certain that it is the metamorphosed equivalent
of an acid tuff. rt is, therefore, not at ali improbabre that it lepreserrts a

very highly metamorphosed area of the tufiaceous phase of the Hyco quartz
porphyrv, and that it should be included rvith this formation. rf such is
the case, the most careful sea.ch failed to find. nn1. co'clusir.e proof of it.
and, until proof is found, it is iho.ght l,est to lreep the trvo formations
separate.

rn the har.r<1 specirnen this rock prese'ts a \rery fine-grained texture,
has a light gray color, and is decicledlv schistose. No phenocrysts are dis-
cenrible, and the lack of noterorthy features, cxcepting the smeared-out
fragments, is probably its most important characteristic. The fragments
ale best seen on a cleavage surface, upon whicl they ar:e mashecl out almost
to a paper-thin conclition, ancl each fr,ag'rent has a slightlr clifferent color
flom the mass of the rock ancl the adjacent fragments.

In its present condition the Goshen schist is a ivell-clefired sericite schist,
ancl does not shor'v e\ren a vestige of tLe original texture or rnirrelals of the

'ock. rn this respect it diffe's rer:y m.ch from the Hvco quartz porphy'y,
*hich always presents something of its originar characteristics. The micro-
scope, while failing to reveal the texture ancl minerals of the orisinal r:oclr.
,ioes very clearlv shon'that it rvas a lbroritic ruff. lt is light gr.a\ or.alnrost
rvhite in color, r,ery clensc, anrl fine-glaiuecl except ryhere the schistosity ancl
secondary minerais have changed the texture. anil is highl}, schistose. It
r.eathers into a light-colorecl or ashy soil of no great rlegree of fertility,
verv much like the soil of the Hvco qua'tz porphyrv. So far as is k'orvn
uo ore deposits of any kind occur in the rock, hence a cletailecl microscopic
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antl chemical examination was not made. The distribution of the formation
is shown on the accompanying geologic map, Plate f.

Aaron Slate.

Q6611vysn6s.-The Aaron slate has an areal extent almost if not quite
three times as great as any other member of the {irgilina series, ancl as
regarils distribution it is the most imporlant formation in the district. rt
occurs as the other formations of the district in long namow bands, the
largest of which extencl the whole length of the district, except where they
are cut out by the Redoak granite. The rock is found in typical develop-
ment on each side of the Virgilina greenstone which forms the Virgilina
ridge. Its greatest development is in the southern portion of the district
along a line from Mill Creel< on the west side of the ctistrict to Adcock,s
store on the east. fts least development is in the noriherr portion of the
area near Keysville. Betr,veen the Pannebaker prospects southwest of
Virgilina ancl the Pontiac mine, a narrow iens of Aaron slate occurs in the
Virgilina greenstone, while to the south is a single point and to the north
from this included area are two points or tongues of the slate extending
into the greenstone. Aiso about one mile east of St. Matthew,s Church a
narrow lens of the slate is enclosed in the Goshen tufi. rts distribution is
shown on the accompanying geologic map (P1. I), to which the reader is
referretl for details.

Macroscopic dascri,ption.-,I{uch hesitancy was felt hy the writer in call-
ing this formation a slate, and indeecl during all the field work it was desig-
nated as "sandy tuff," but it is believed that the name slate is more suitable
than the term sandy tufi. According to strict usage the formation is
neither a tufi nor a slate, but a kind of compromise between the two. While
there is much variation in texture and composition, the forrnation in the
main appears to be made up of varying proportions of volcanic d6bris-ash
and small fragments of an anilesitic nature-and lancl rvaste, which varied
from mucl through fairly pure quartz sand to small pebbles. That is, the
formation was originally built up of such material.

Like the other members of the Virgilina series of volcanic rocks it has
sufieretl intense dynamic and chemical metamorphism, ancl, in its present
condition it is for the most part a more or less sandy chloritic slate, vary-
ing, however, from nearly pure sanilstone ancl conglomerate to nearly.pure
greenstone similar in all respects to ancl not distinguishable from the
Virgilina greenstone. The purest sandstone found in the formation is
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(A) Outcrop of Aaron slate, shol.ing alternating
and slate. The dip is tox'ard the southeast.
rvcst of Virgilina.

I'LATE II.

bands of ncarlr. prLre sandstone
Railroatl cut three-fourths mile

Typical outcrop of \iirgilina gleenstone (tulTaceous phase). A short clistance
west of tvagon road, trvo miles southr.est of Virgilina.
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bands of nearlr- ptrre sandstone
Railroad cut three forrrths mile

(A) Outcrop of Aaron -slate
and slatc. 'l'lro dip is
l'est of Virgilina.

. shol-ing a)ternating
tol,ard the southea-qt.

(B) Typical outcrop of Virgilina. grecnstone (tullaceous phase). A short distance
$'est of wagon road, tl'o miles southn.est of Vir.gilina.
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exposed in a cut west of the town of Virgilina. At this place the beae oi
nearly pure sandstone are separated from each other by thin paftings of
slate. The dip and strike of the beds are shown better at this place than
at any other known locality in the district. This exposure is shown in
Plate II (A).

The conglomeratic beds are weil shown at many places along Blue lVing
anil Aaron creeks. The most typical conglomerate, and also that contain-
ing the largest pebbles, occurs in a small cut on the Southerrr Railway
about one-fourth of a mile west of the trestle over Blue 1Ving Creek. The
conglomeratic beds, which are badly mashed and highly schistose at this
place, can be easily traced for considerable distances both northeast and
south'lvest of the railroad. In this bed pebbles B inches in cliameter are
common, and some 6 inches in diameter are occasionally found. The
matrix is apparently fine sand with onh,- a mjnimum amount of volcanic
materiai. Farther northeast along Blue Wing Cr:eek many narrow con-
glomeratic beds consisting of small rounclecl quartz pebbles in a sancly
chloritic matrix are exposed. East of \rirgilina about three-fourths of a

mile the conglomeratic becls are again exposecl in the public road iust east
of 'Wolfpen Branch. The quartz pebbles are small.. rarely an inch in
diameter in these beds, and the matrix is the usual sancly, chloritic
material. This conglomeratic horizon, believed to be the same as that along
Blue Wing Creek and to have been brought to the surface again by folding
and erosion, can easily be tracecl for some distance along the strike of the
beds in both directions from the exposure in the wagon road.

In the hand specimen, r,vith the unaidecl eye, one may readily clistinguish
the true character of this rocl<. The metamorphism has not been intense
enough to ilestroy the sand grains, and they can ahvays b.e recognized in
the argiliaceous and chloritic matrix. The color of the rock depends upon
its composition. when it is made up largely of quartz sand, the coior is
gray, ancl with increase of argiilaceous ancl chloritic material becomes darker
and greener. In natural outcrops the color is usually a dirty, greenish-
gray, almost the same as that of the lichens which cover its sur{ace.

MicroscoTti,c d,escription.-The microscope reveals tittle of importance in
regard to this rock that was not evident in a careful examination rvith the
unaided eye. Quartz, chlorite, epidote, zoisite, black ores, especially hema-
tite, sericite, calcite, occasionally a grain of feldspar, and much fine clay-
like material make up about all the minerals revealecl by the micr.oscope.
The minerals present in any section as *ell as the proportions in which
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they occur always depencl upon the nature of the rock. If it contains much

volcanic d6bris it rviil approach the \rirgilina greenstone in inineralogical
composition, and r'vill contain much chlorite and more or less green horn-
blende, much epidote ancl zoisite, i,vith a small arnount of quartz ancl r'ary-
ing amounts of calcite. Tf, on the other hancl, it approaches a srnrlstone

in composition, it rvill present a great ileal of qttattz, varying amt-'rtnts of
clayey material, ancl a minimum amount of chlorite, hornblende, and other

minerals characteristic of the greenstone. If the specimen is talcen from
an area that has suffeleil intense metamorphism, the quartz grains wiil
almost invariably show granulation around their borders, hornblende rvill
be more prominent, ancl much of the original texture, and many of the

original minerals will have been destroyed through recrystallization.
Schistosity is well shown by the parallel arrangement of the minerals, as

rvell as by the t'Augen" structur:e of the larger quartz grains and pebbles.

ChenticaL analysis.-Yery little of value is to be learnerl from a chemical

analysis of a rock of such variable nature as the Aaron slate. 'Ihe chemical

composition will vary as widely as the physical. I{owever, a specimen of
what was considerecl typical material was selected for chemical analysis ancl

gave the following results:

lnalysis of tyTtical Aaron, slate.

(Wm. M. Thornton, Jr., AnalYst.)

sio,
Aljor
!'erO3 . .

FeO ...
n r^al.rrHv .,
CaO. ..
\-. n

70. o3
l:i.2I
3.46
t . g:ji

1 .06
2.38
4.56
0 .40
0.05

'frace
Tlace

K"O
H,O+
HrO-
Tio,
P,Oo
MnO
co' .

99.80

The high percentage of silica is due to the quartz sanil. The alumina

and alkalies are pr:obably for the li-lost paft {rom the clayey rnaterial, with

smaller amount from the feldspar fragments rvhich occur sparinglv in the

rock.
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Weathering ancl soi,L.-Natural outcrops of the Aaron slate are incon-
spicuous and rare except along stream courses rvhere it forms rather rugged
bluffs. Throughout the greater part of its area the rock iloes not outcrop.
The soil, hower,er, is usually shallow ancl not \.ery fertile. 'Ihe character
o{ rock decay ancl soil from the formation varies accorcling to the nature of
the rock in the particular area. The sand1, berls produce a light, santly,
fairly fertile soil, whiJe those which contain little sand and are made up
largely of volcanic material, produce a thin, lean soil very much like that
of the \rirgilina greenstone. Between these two extremes there are all
variations. The soil is, as a rule, riot r"egardecl as yery clesirable for agri-
culture, and much of it js not in cultivation.

Virgilina Greenstone.

Introd,uctoru st&tement.-The term \rirgilina greenstone as used in this
report includes the greenstone schists that form the conntry rock in which
all the commercial ore cleposits of the district thus far discoverecl are
located. The formation in its present condition is a rvell-clefineil greenstone
schist. Originally it consisted of andesitic flows, porphvritic in texture,
anil of andesitic tuffs which in amount greatly exceeded the porphyritic
phase. In rnany places the rock has been so profounilly metamorphosecl
that it is very difficult, r,vithout the use of the microscope, to distinguish
the tuffaceous from the florv rock. Holrever, in rno."t cases there is little
or no ilifficulty in recognizing the two phases. The tll'o types are in a1l

places very intimately associated rvith each other, in fact, so intirnatelv
ihat it rvould be impossible to separate them in mapping. There has,

therefore, been no attempt to separate therl on the accompanying geologic
map, Plate I. 'Ihe ole cleposits are apparently as closelv associated with
one type of the rock as with the other and there is on this account no very
urgent call for their separation in mapping.

Distributi,on.-illlre Yirgilina. greenstone occupies the central portion
of the district, nakilg up, for ttre most part, the \iirgilina riclge. Except-
ing a ferv miles in the vicinity of Redoal<, \ia., rvhere the fonnation is cut
out by the Redoak granitc, the greenstone extends the ivhole length of the
district, ancl, indeed, much farther both to the northeast ancl to the south-
west o{ the limits of the accompan.ving geologic map, Piate f. Tn bot}r the
southern and the northern portion of the area mappecl the formation con-
sists of a single band, while in the central portion it includes one or more
narrow bands of Aarori slate. In atlrlition to this there are at least three

,ry
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elongated, lens-shaped areas of the greenstone included in the slate. As

shown on the map one of these is crossecl by the wagon road about two miles

west of Wilbourt's store. Another occurs at Ragland's mill, and the third
extencls as a narrow band from near Green Level schoolhouse to a short

distance nor-fh of SmiUis'store on the wagon road about halfway between

the town of Clover, Va., and Lack's ferry.

One or the other phases of the greenstone forms the country rock of aI1

the known ore deposits of commercial value in the district, and it may be

seen in typical development, either porphyritic, amygdaloidal, or tuffaceous

in piles of waste rock at all the mines and prospects in the district. Because

no workable ore deposits have been found in other formations, the Virgilina
greenstone is regarded as predminently the ore-bearing formation of the
district. This matter is discussed in considerable cletail in the chapter on

the veins and ores, but it may not be out of place to state here that it is

believed that the greenstone suppliecl only the conditions suitable for the
deposition of the ores, and that it is in no way related to the original source

of the ores.

The greenstone has its greatest development in the vicinity of Moffett,
where it attains a wiclth of about four miles. Another place in which it is

prominently developed is about two miles south of the town of Virgilina,
in the vicinity of the Pannebaker prospects, where the formation is over

three miies in rvidth. Its least development is immediately south of where

it is cut out by the Reiloak granite. At this place it is less than two miles

in width.

Macroscopic d,escri'1ttion.-The three types of the Virgilina greenstone

are usually distinguishable in the hancl specimen without great clifi[culty.
Two of them, a porphyritic and an amygdaloidal type, are effusive rocks

and the other is a tuff clerived from the same magma. Of these the tuff
is by far the most abundant. The porphyritic phase is common, but the

amygdaloiilai is only occasionally found. ,Except when highly schistose, in
which condition the amygdules, rrhich are generally composetl of material
differing in color from the mass of the rock, are mashed ancl drawn out so

as to very closely resemble the fragments of the tuff, one can easily dis-

tinguish the amygdaloidal phase from the others. Certain phases of the
porphyritic type, especially the finer-grained rock, are very clifficult to clis-

tinguish from certain kinds of the f.ner-textured tufi. This is exceedingly
difficult when both rocl<s are highly schistose, and in some instances it is

possible only with the microscope.
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(A) Outcrop of Virgilina greenstone, North Fork of Aalon's Cleek, fire miles north
of Yirgilina.

(B) Typical outcrop of Virgilina greenstone three miles northwest of Virgilina.



(A) outcrop of \rirgiJina greorstone. Norilr Folk of Aalon,s Ll,eek. Iir-e milcs norilr
of VirEil ina.

YIRGINIA GEOI,OGICAl, SI..ii\']]\ t'1,A1-D III.

(Bl liypical outcrop of Virgilina gleenstonc thlee nriles northrvest of \rir.Eilina.
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The color of the porphyritic and the amygdaloidal rocks varies greatly,
but is usually a kind of grayish-green, the intensity of the color depending
upon the relative amounts of chlorite, epidote, and hornblende in the rock.

Some areas have a purplish-gray color, but this is not nearly so pronounced
as with the tuffaceous rock, which is occasionally of a decidedly purple
color. Many specimens of the rock, when vier'ved on a cleavage sudace,

present a kind of pearly lustre or sheen, rvhich is probably due to the
development of sericite or some other micaceous mineral in the planes of
schistosity. It is also not usually possible from the examination of such a

surface to distinguish the porphyritic rock from cedain phases of the
mashecl tuff. The determinative characteristics of the porphyritic rock
consist of phenocrysts of plagioclase feldspar which can be seen to good

advantage only when the rock is broken at'right angles to the planes of
schistosity. They are also more readily seen on a slightly weathered than
on a fresh surface. This is also trr-e to a certain extent of the amygdaloidal
rock. Further than these feldspal phenocrysts, massive epidote in varying
amount and in irregular patches, a little secondary quartz, occasionally a

small amount of secondary calcite, one can clistinguish with the unaided
eye little or nothing as to the texture of the rock. As regards the amyg-
daloidal rock, one is able in like manner to distinguish the same minerals,
and in addition the fillings composing the amygdules. Typical outcrops of
Virgilina greenstone are shown in Plates II (B) and III.

Mi,croscopic d,escription.-The microscope reveals the presence of the
following minerals: Plagioclase, hornblende, chlorite, epidote, zoisite, cal-
cite, ciinozoisite, apatite, the blacl< ores, ancl qaartz.

The plagioclase is all more or less altered ancl much of it so badly de-

composed that a positive identification is not possible. Ilowever, some of
the freshest phenocrysts were measureil accoriling to the Michel-Levy
method and found to conform to oligoclase, oligoclase-anclesine, ancl

andesine. The phenocrysts often present a short, stocky, prismatic develop-
ment anil are nearly always more or less shattered and clrawn out into
"eyes" indicative, of course, of the intense dynamic metamorphism which
the rocks of the region have sufierecl. The feldspars of the grountlmass
occur for the most part in sleniler, prismatic crystals, and are very much
altered.

The amphibole appears to be wholly seconclary. It has a beautiful light
green or light bluish-green color, is not at all strongly pleochroic, usually
occurs in slender, prismatic crystals which are in. many instances curveil

qq
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or bent, and in all other" characteristics seems to conesponil to actinoiite.
In the material studied not even a r.estige of the original ferromagnesian
minerals remainecl. It i.* impossihle, therefor:e, to state ivhat the original
nature of the rock v.as, whether an augite or a hornblenrle anclesite.

Xpidote occurs irr varving amounts in ail the thin sections studied. In
some instances it makes up the greater part of the rock, while in others it
is only sparingl-v present. Ilsually, however, it is ver1. abunrlant. It gen-

erally occurs in irregular grains of varying size, and rarely shows well-
definecl cr;tstaliographic development. Aside flom a variation in color fronr
the usual pistachio green to a decideclly yellowish-green, the mjneral
possesses only its usual and norrnal optical propertie.s. Jl some instances,

especiallv iir the rocks immecliately associatecl with the nativc copper

deposits, the lock is largely replaced by a mixture of quartz and cpidote.
In such cases the quartz and epidote are most intirnately intergrown with
each othel. The mineral is also intimately associaterl, in some instances

with chlorite arrcl invariably, except in the quartz-epidote intergrowths just
mentioned, rvith zoisite and clinozoisite rvhen the last-mentioned mineral is
preserrl.

Zoisite and clinozoisite arc altelation products alcl are derir,ec'l largelv
from the felclspars. Consequently their abundance in any specimer of the
rocl< is to a great exterrt cletelmined by the clegree of alteration rvhich it has

suffered. The two minerals are verv closell' r:elated to each other genetic-
a,11v, ancl while rrot alrra--vs occurrilg together they very often do. 'Ihey are

also verT closely relatetl to epidote, ancl in many instances the three are

found together. Tn fact, epirlote ancl clinozoisite frequently occur irith
gr:aclations, the one into the other, and in some instances the three are

founcl together. In fact, epirlote ancl clinozoisite frequently occur with

-q-ratlation, one into the other, ancl in some instances the same grain is

part epidote ancl part clirrozoisite. The usual mocle of occurrence is in the
fonn of ilregular grairs, although a pr:isrnatic form is met 'lvith occasion-

ally. The two minerals har,e onlv theil usual anil normal chatacteristics.

Chlorite is one of the most abundant minerals of the Virgilina green-

stone. It was present in large qlantity in every thin section examinecl,

arrcl in many it was second in abundance only to the feldspars. It is an

alteration product derivecl from the original bisilicate minerals of the
rock-in fact, it is cxceptional to find e\-en a vestige of the or:iginal
amphibole or pyroxene, the rvhole hating been replaced by chlorite. The
minclal in orcljnary light has it.q usLral light g-leen or pea gleen color. anrl
js seer to be slightlv pleochroir,. frr aclclition to filling the areas orje'iriallv
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occupied by the bisilicate minerals, which it has replaced, it also fills
irregular spaces in the rock, anil fractures in the other minerals, especially
the felclspars. Between crossecl nicols it is seen to be made up of radiating
bunches or tufts which have aggregate polarization, somewhat like that of
chalcedony. Asicle from this the mineral possesses only its usual and
normal characteristics. The fact that chlorite is so very abundant in all
phases of the rock, and at the same time all other ferromagnesian minerals
are so rare, certainly justifies the name '(chlorite-epiclote schist," which has
been given to this rock.

Calcite is present in considerable amount in all phases of the rock. It
is in all cases a seconclary mineral, probably derivecl for the most part fronr
the decomposition of the original lime-bearing minerals of the rock. It
occurs in irregular areas and patches, fills fractures and veinlets, ancl in
many instances appears to be replacing the feldspars anti other minerals
of the rock. In some specimens from near the mineralizecl veins calcite as
well as quartz is very abundant.

Quartz occurs in fine granular condition in the grounclmass, in some
irrstances closely associatecl with the feldspar microlites, fiIls minute frac-
tures, and in some instances appears to be replacing other minerals in much
the same manner as the calcite. l,ike the calcite it is much more abunilant
in the vicinity of the veins. It is regardecl as a, secondary mineral.

The black ores are present in varying arnount in all phases o{ the rock,
the most abunilant one being hematite. Ilmenite anil magnetite appear to
be present in about equal amount. They have their usual ancl normal char-
acteristics. fn some places hematite is so abundant that it can easily be
distinguished in the hand specimen by the unaided eye. In stch cases it
occurs as minute flakes in the planes of schistosity.

Other seconclary minerals, such as kaolin and sericite, occur in con-
siderable amount. They have their norrnai and usual characteristics.
Sericite is present in varying amount in the ores as a gangue mineral. In
such relations it has been described by Rogers,@ who concludes from its
association with bornite and chalcocite that the latter is a seconclary mineral
and not contemporaneous in deposition with the bornite. It is probable
that much if not all of the sericite, especially that occurring rvith the ores,
is of hydrothennal origin. Kaolinite, on the other hancl, may originate
either by hydrothermal or orclinary weathering processes. Tt is more
abundant in the qreenstone than sericite.

tl

^ 'Rogers, A. F.: Sericite, a low temperature hvrlrothermal rnineral, Eeonomic
Geology, Vol, ll, 19f6, pp. 118-151.
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The amygdaloidal phase of the greenstone is similar to the porphyritic
phase in a1l respects as regarcl minerals, alteration products, metamorphism,

and texture in general. It iliffers in that the anygdules are composed to a
certain extent of minerals foreign to the rock, such as q.uLattz antl zeolites,

in addition to the usual epidote, chlorite, and calcite; and in the texture

of the groundmass of the rock in the immediate vicinity of the amygduies.

A1l the thin sections studied showed the microlites of plagioclase arranged

with their longest direction tangent to the circumference of the amygdule,

an arrangement common in amygdaloidal rocks.

Tuffaceous phase.-as regards mineralogical composition, alteration

proclucts, co1or, relation to the yeins ancl ores, and general metamorphism,

the tufiaceous greenstone is similar to the porphyritic rock. It differs in
texture, the proportion in which the different minerals are presenf ancl

consequently in chemical composition. I1 texture the rock is clearll, frag-
mental, the fragments differing considerably in composition and color, ancl

greatly in size and shape. They are a1l sharply angular, and vary in size

from less than a centimeter to more than two feet in longest direction. The

fragments have been so much drawn out in the dynamic metamorphism

which the rocks have suffered, that it is difficult to recognize them with the

unaided eye except on a surface parallel with the schistosity. In thin sec-

tion uncler the microscope they are easily recognized. In color the frag-
ments vary from the usual green of the mass of the rock through reddish-

brown to a kind of purple.

Chemical compositi'on.-In the table (pp. 33-34) are given chemical

analyses of carefully selected maJerial as nearly typical of the average

virgitina greenstone as could be collectecl. It represents both the porphy-

ritic and the amygdaloidal phases of the rock. Numbers I and II are from
material collected by the writer; the others are from trVatson's papers on

the rocks of the Yirgilina district.@

certain features of the greenstone are brought out very clearly by the

ehemical analyses, and it may be best to call attention to them. Numbers

r, III, and IV represent specimens of the porphyritic greenstone taken from
widely separated localities, and yet they show a markeal uniformity of com-

position throughout. These analyses, taken together with the equaliy uni-
form mineralogical composition of the greenstone as shown by the micro-

scope, prove that the magma from which the rocks now forrning the

o Watson, Thomas L.: The copper-bearing rocks of the Virgilina 
-c,opper 

district,
Virginia and North Carolina, 8u11. Geol' Soc. Am., Vol. 13, 1902, p. 364.
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Virgilina greenstone was derived probably as uniforn in composition as

such material usually is.

Numbers II, V, VI, VII, and VIII represent tufiaceous and highly
altered material, and are not nearly so uniform. They are all low in silica,
and three of them-V, Yf, and YII-are high in alumina, indicating that
instead of being pure andesitic tufis they represent material with which
considerable clay was mixed at the time of their deposition. IIigh lime
and carbon dioxide contents in I ancl VII indicate the presence of con-
siderable calcite in the rock.

Classffication 
-The 

mineralogical composition of the greenstone, when
taken into consicleration with the chemical analyses of the rock, indicate
very clearly its andesitic character, ancl also as clearly show that it has

sufiered profound. alteration. It will be noted that the analyses of the
porphyritic rock show a moderate silica content for andesite. This, how-
ever, only indicates that the rock is an anclesite of intermediate composition.
Nothing remains of the original ferromagnesian minerals of the rock, and
it is therefore not possible to state whether the original rock was a horn-
blencle or an augite andesite.

Analyses of Virgtlina greenstone.

J'

IVIII

X'eO
Mgo
CaO
Naro
KrO
rr,o-
TT r)Irrrv i

Tin
P,Ou
MnO .

CO, ...

62.86
15.98
2.44
2.61
3.36
4.54
4.52
1.22
0. 09
2.19
0.89
0.52
0. 10

Trace

64.12
16.32
6.72
r .38
0.33
3 .49
6.22
0.53

0.34
Trace

Not det
0. 64

None

62.82
ro.lv
J.DI
4.61
2.53
3.65
4.51
0.78

1.89

0. 06
Not det.

0.35
None

47.6r
r5 .55

r.76
4.91
8.60
4.00
I :t
0.04 t
2.7o t
0.78
0.45
0.13
4.97

100.35 100.04

I.

II.

rII.

IV.

Virgilina greenstone, porphyritic phase, Thomas mine. Wm. M. Thornton,
Jr., Analyst.

Virgilina greenstone, tufraceous phase, Durgy mine. Wm. M. Thornton, Jr.,
Analyst.

Virgilina greenstone, dark purplish gray, porphyritic phase, Cornfielcl
prospect. Thomas L. Watson, Analvst.

Virgilina greenstone (porphyritic phase). Overby prospect. Thomas L.
Watson, Ana.lyst.
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Analyses of Virgilina greenstlne-Continued.

VI VII VIII
sio,
Al,03
FerO"
FeO
MqC)
CaO
NarO
KrO
H,O-
H,O+
Tio,
P,O"
MnO
CO,

5r.34
20.o7
7.03
4. 03
4. l8
2. 83
1.83
5.53

2.90

0.38
Not det.

0.38
None

48.20
22.1O
7.6r
3.95
0.86
8.86
4. 90
l. t6
o ot

0.24
Not det.

0.35
None

46.45
13.79
7.60
o.+t
9.81

r0. 13
Not det.
Not ilet.

2.66

Trace
Not det.

Trace
2.27

49.51
oo Aq

10.03
, 4r.
2.81
7.68

Not det.
Not det.

3.47

u.b/
Not det.

o.42
0.90

100. 50 100. 54 99. I2 r00.17

V. \rirgilina greenstone, bright schistose tuffaceous phase, Blue Wing mine.
'l'homas L. Watson. Analvst.

VI. Virgilina greenstone, bright schistose, tufiaceous phase, X'ourth of July
prospect. Thomas L. Watson, Analyst.

VII. Virgilint greenstone, bright schistose; tufiaceous phase, Anaconda mine.
Thomas L. Watson. Analvst.

VIn. Yirgilina greenstone, partiaily cleca,vetl, tuffaceous phase, Anaconda mine'
Thomas L. Watson, Analyst.

trVeatheri,ng.-Natural outcrops of the Virgilina greenstone arc uot
plentiful, and are rareiy found except in places in which erosion is very

active. The rock, however, does not decay very much faster than erosion

can carry away the d6bris, and in no place is the rock covered with more

than a few feet of soil-

Watsono in his paper on the rocks of the Virgilina districi gives a

detailed discussion of the process of weathering from which the following
quotation is made:

"The decayetl rock is of a pronouncecl yellowish-brown color, readily
crumbling undir slight pressure. 

- It efiervesCed very feebly il dilut^e acid,
indicating hardly mo=re t^han appreciable traces of carbonates. When further
digested Yo" so*e time in ve.y^dilote hyclrochloric acid, the brown coloring
-itter rvas removed and the residue co"nsistecl of the usual green proclucts
composing the fresh rock. The percentage of residue composed of the green
colored minerals was very large.

"As indicatecl by the analyses of the fresh and decayecl rock, th-e 
-changehas been one of hydration-fhe assumption of 'water, accompanied by- !!"

peroxidation of the iron and the partial removal of the more soluble
6onstituents, lime, magnesia, and alkdlies."

" Watson, Thomas L.: The copper-bearing rocks of
Virginia and North Carolina, BulI. Geol. Soc. Am., Yol.

bhe Virgilina copper distriet,
13, 1902, p. 374.
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INTRUSIVE ROCKS.

Retloak Granite.

General description.-Four areas of granite occur within the Yirgilina
district as '*horvn on the accompanying map (P1. r) : one in the vicinity of
Buffalo Lithia Springs; one in the vicinity of Redoak post-office; orre
in the extreme southrvest corner of the disirict; ancl one, only a small
patch, about one mile west of Christie. Of these the area in the vicinity,"
of Redoak is the largest and of the most importance. It has roughly the
forrn of an ellipse the longest diameter of which is about 15 miles and the
shoftest approxirnately ? miles. In this area the rock is so deeply weathered
that no natural outcrops could be found, although they were searchecl for
*'itir the greatest care. On this account very little could be learned as to
the character of the forrnation as a whole. So far as could be learnecl from
the few specimens that coulcl be obtained, the rock is a medium-grained,
light gray, biotite granite, rather quartzose, and containing orthoclase anil
plagioclase feldspars in approximately the same amount. 'Ihe area of the
rock is .lvell marked by the loamy sandy soil which it produces. This is the
strorigest and best soil in the district, and is the most prosperous portion
of the region.

The area of granite in the vicinity of Buffalo T,ithia Springs is similar
to the Recloak area. It is a light gray, meclium-grainecl, moderately
quartzose, biotite granite in which the orthoclase and plagioclase felclspars
are present in about equal proportion. Natural outcrops are velT rare, anil
on this account little can be saicl in regard to the uniformity of the rock.
Thin sections of the rock under the microscope shorv the follorving minerals
nametl in the approximate orcler of their formation: Apatite, zircen, biotite,
orthoclase, microcline, plagioclase, and quartz. The roclt in places shows
considerable alteration, ancl such seconclary rninerals as kaolin, muscovite,
sericite, epidote, zoisite, and chlorite are occasionally met rvith" Small
areas of a coarse porphyritic granite occur as intrusives in this area of the
granite. These have been described under the term Buffalo granite. The
rveathering and decay of this area are similar in all respects to that of the
Redoak area.

The granite area in the southwestern portion of the district is similar in
all respects to the areas just clescribecl ancl on that account need not be
tliscussecl in this place in detail. The topography is somewhat more ruggerl

ta)
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in this portion of the district than in the other granite areas, ancl because

of this outcrops of the rock are more plentiful which make it possible to
learrr more as to the uniformitl'of the rocl< than in the other areas. So far
as could be determined the granite in this area is fairly uniform in both
texture ancl mineralogical cornposition.

The small area of gr:anite northwest of Christie is not rvell exposed, and
very little could be learned as to its texture anil general characteristics. So

{ar as coulcl be determineil from the material available, it is considerably
finer in texture than the other areas of the rocl< rvhich have just been

described.

The size anil location of the granite areas rvithin the Yirgilina district
are shown on the accompanying geological map (Pi. I). It should. be

stated, however, in this connection that the boundaries of the clifferent
areas are only approxirnately correct. The rock in all the areas is so cleeplv

rveatherecl and so dceply buried beneath its or'vn clecay that outcrops are not
plentiful enough to enable one to determine bounilaries very accuratelv.
'{he granite produces a soil very characteristic ancl very different from that
of any other formation in the district, aniL by using the soil as a tuide it
was possible to locate the boundaries of the differerit areas rvith a consider'-

able degree of accuracy.

So far as is at present knorvn, there ale no ore cleposits in any of the
granite areas, Ant1, so far as obscryations have extendecl, there are no

indications that any such deposits exist in the rock. Notrvithst:rnding
this it is believeil that the solutions r,r'hich cleposited the orcs were rlirectly
associated wiUi the intrusion of the granite rnasses. This matter is clis-

cussed in detail in the chapter on the origin of the ole.q and neetl not be

lepeatecl here.

Buffalo Granite,

Gen,oral clescrilttion.-The telm Buffalo granite is used to ciesignate

small masses or areas o{ a coarse porphyritic granite l'ith velv large

felclspar phenocrysts n-hich occur in the Recloak granite in the vicinitv of
Buffalo Lithia Springs.

The rock js a light gray, coarse-grainecl, porphyritic granite which cliffers

from the main glanite masses very little except in texture. The same

minerals are present in both rocks, and bear in general the same relations

to each other. 'Ihe lock is present only in small amount, :rnc1, so far as

coulrl bc cletermired, is of no commercial importance.
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Abbyville Gabbro.

General statement,.-A considerable area of much altered gabbro occurs

in the vicinity of Abbyville. l{o prominent outcrops of the rock could be

found, ancl because of this it has not been possible to learn much in regard

to the texture ancl general characteristics of the rock as a whole. Such

outcrops as could be found consist of irregular rounded boulclers of a dirty
greenish-gray color, which in some instances were altered more or less

completely into an impure soapstone. The boundary of the formation as

shown on the accompanying geologic map (Pl. I) was determinecl by the

distribution of such boulders and by the color of the soil, and consequently

is only approximately correct. The character of the particular outcrop
depends upon the degree of alteration, and on this account a cletailed petro-

graphic ilescription of the rock vrould. involve more space and time than
the importance of the rock from an economic standpoint warrants.

Macroscopic d,oscriryt'ion.-In the hand specimen the gabbro usually has

a kind of dirty greenish-gray color rvhich varies greatly, depending upon
the degree of alteration which the rock has suffered; the fresher the rock,

the darl<er the color. Ilsually the rock is coarse-grained, anil the individual
minerals can be recognized by the unaided eye with consiclerable ease. The
principal mineral thus recognizable is a light green horrrblende. In many
cases this is the only mineral that can be iitentified in this manner) but in
a few instances other minerals, especially felclspars, are recognizable. The
rock is generally very tough except the most highly altered phases, but
even the freshest of it is moderately soft so that rvhen an edge is struck
with a hammer it usually mashes clown to a whitish mass instead of
flaking off.

Mi,croscoqti,c d,escri,lttion.-In thin section under the microscope the fol-
lorving minerals are recognizable: Pale green uralitic hornblende, badly
altered plagioclase feldspar, zoisite, clinozoisite, cpidote, kaolin, sericite,
chlorite, calcite, quaft,z, and black iron ores. The feldspars are so much
altered that positive inilentification is not possible. They show clear indi-
cations of broad twinning bands, and cloubtless belong in the lower ancl

ririddle portion of the plagioclase series. The fact that lime-rich seconclary

minerals, such as zoisite, clinozoisite, epidote, ancl calcite, have abundantly
developed from and are replacing the feldspars, is strong evidence that
they were originaily rich in lime. This type of alteration, known as

saussuritization, is characteristic only of the lime-rich plagioclases. The

ery
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other minerals have their usual and normal characteristics, and need not be
described. in detail at this place. ifhe calcite ancl quartz are both seconilan
minerals.

It must be stated in connection with the rlescription just given that
while it is true for the sections studied, other thin sections made from
portions of the rock in ilifferent stages of alteration will certainly show
different mineralogical compositions and very different petrographic char-
acteristics. rn fact, one thin section examined by the writer contained
traces of the original pyroxene of the unaltered rock. Thus it is certain
that by cliligent and prolonged search one could finc1 specimens of the
gabbro that will show practically every stage of alteration trom the
fairly fresh rock to the impure soapstone.

Unaltered, gabbro.-As indicatecl on the accompanying geologic map
(Pl. r) there are two areas of gabbro in the southern portion of the district.
The rock in these areas differs materially from that in the Abbyville area,
and, indeed, may be an entirely diiferent type of rock. In fact, there is
much evidence that indicates that such is the case, and that the rock is
intermediate between gabbro and diabase. on this account much hesitancy
was felt in using the same colors on the geologic map for the different areas.
The question can not be settlecl without more extensive microscopic and
chemical research than the importance of the rock would justify, certainl_v
more than an economic report would call for.

This rock, as seen in the field, is fairly fresh and is of a black or very
dark brown color-not decidedly unlike that of a diabase. rt has from a
fine to a medium granular texture. It is very tough and heavy, and in
places appears to contain an excess of iron ores. trYhen examined in thin
section, the rock presents the following minerals: rlypersthene, augite,
calcic plagioclase rvhich varies from labradorite to anorthite, ancl Iarge
amounts of black ores. \lrith these primaly minerals there are such
secondary ones as always develop from such combinations of primary
minerals.

NORMAL SEDIMENTARY ROCKS.

lriassic (Newark) Santlstone.

General clescri\tt'ian.-one small area of reddish-brown sancrstone of
Triassic (Newark) age occurs within the district mapped. As sho.lvn on the
accompanying geologic map (Pl. r), this formation occurs as an elliptical
area about ten miles long and four miles wide, in the west-central portion of
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the district, extending from a short distance soufhwest of 'Wolftrap to about
two miles northeast of the town of Scottsburg. Natural exposures of the
rock are very rare, in fact only two or three are known to occur, and the
outlines of the fortnation as shown on Ure niap are only approximately
correct. The best*nown exposure of the rock is jn the railroacl cut a short
distance northeast of Scottsburg, in which place it is decideclly conglomer-
atic, the matrix being moderately fine reddish-brown sandstone in which are
embeclded pebbles ancl boulders up to over a foot in diameter. 'Ihe color
of the rock varies from chocolate-brown through reddish-brown to almost a

brick-red. The exposures of the rock are so scarce that it was not possible
to learn very much in regard to the characteristics of the formation as a
whole.

This is one of fhe disconnectecl areas of the Triassic which are of
common occurrence in the eastern portion of the Pieclmont Plateau of
l{orth Carolina and Yirginia. The formation, while of much interest from
a purely geological standpoint, is in no way related to Ure ore deposits of
the region, and, on this account, is of no great importance from the stand-
point of the present report.

DIKE ROCKS.

General statement.-As in all other parts of the Piedmont Plateau, dikes
are numerous in the \rirgilina district, and while they are of little or no
economic importance they form one of the district's interesting geological
features. They are as a rule smali, but widely clistributed, no formation
being free from them. In age they vary from eariy Paleozoic to late
Triassic, the oldest being the syenite, granite, and gabbro, and the youngest
the diabase of iate Triassic age. Disregarding the probability that at least
a part of the hornblencle gneiss of pre-cambrian age 'was intruclecl into the
niica gneiss in the {orm of dikes, the clikes of the virgilina district may
be clividecl into the {ollorving groupri ot classes- named in the probable older
of their respective ages: Granite, syenite, gabbro, and diabase. The largest,
longest, and rnost persistent are the syenite dikes, the others coming in the
l'ollolving order: Granite, cliabase, anil gabbro. of these the diabase dikes
rre the most numerous and granite the least so.

Granite,

General d,escriptiort'.-only one granite dike was found during the field
work. rt occurs a short distance east of the railroad at Rantlolph station,
and extends northwarcl a short distance east of the railroail to near Moss-
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ingford. Its width, as 'lyell as it could be determined, varies from 100 io
about 200 feet, and the rock is fairly uniform throughout the entire length.
The rock appears to be a rnedium- to fine-grainecl, light gray to red granite.
Its relation, if any exists, to the main granite area in the vicinity of lledoali
could not be determinecl. In some places, especially near the State n'arm
at Saxe, it outcrops strongly, but in most places the outcrops are incon-
spicuous.

Syenite.

General d,escr,iplion'.-'Iirvo peculiar granitic dikes, ivhich appear from
examination in the hand specimen to be syenite, were found in the district.
Both of them occur in the northern part of the district, and both have a
linear length of several miles. The larger ancl longer of the two is well
exposed in the town of Drakes Branch, where it has a width of about 150f
feet, ancl from which it may be traced northward some six or eight miles
and southward for about twenty miles. So far as could be determined
from meager outcrops, it maintains a fairly uniform rvidth throughout its
entire length. According to the observations of }fr. J. H. Watkins, who
did the field work in that vicinity, this dike intersects the Redoak granite,
and is therefore younger than that for:rnation. Beyond a limited use for
road metal the syenite is not known to have any commercial value. Thus
far no ore deposits have been found associated with it in any way, anal

there appears to be no reason to expect that any such deposits lvill ever be
found.

In the hand specimen the rock is seen to be rather coarsely crystaiiine
ancl to be made up largely of feldspars, having only minor amounts of
ferromagnesian minerals ancl quartz. In color, texture, and general ap-
peara.nce the syenite somewhat resembles a coarse-grainecl granite.

Gabbro.

General statement.-In the vicinity of the larger masses of gabbro a

ferv small gabbro clikes were found. They are always small, and as far as is
l<nown clo not extend iong distances. In color, texture, and, in fact in all
particulars, the rock of the dikes is similar to that of the main Abbyville
gabhro area alrearly describecl. It is. lherefore, unnccessary to repeat ihe
clescription in this place.

Diabase.

General .sl,atement.-The most abundant ancl aiso the most widely
distributed dike rock in the YirEilina district is diabase. It occurs in the
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form of numerous narrow dikes, the width and trend of which are indi-
cated by the presence of small boulders, locally called ,'nigger heads,"
scattered here and there on the surface. The rock has been weathered so

deeply that, so far as observations have extenclecl, the massive rock cloes not
outcrop naturally in the district. The dikes are always na row, anil have
never been known to extend o\rer great linear distances. The diabase is the
youngest rock in the district, and is found cutting all the other formations,
even the Triassic sandstone. It also has the distinction of being the only
dike rock that is in any way associated with the ores, but this association
is wholly accidental, and there is no genetic relation betrveen the diabase
dikes ancl the ore deposits. The dikes are much younger than the ores, and,
ryhere the two are associatecl, as in the Blue Wing and the Durgy mines,
the dikes cut the veins without producing any effects upon the ores or veins.

Xfacroscollic description.-The diabase is a massive, fine-grained rock
of a black or bluish color when seen on a fresh fracture, but often a dark
gray color on a weathered surface. The rock is usuaily so clense and the
texture so fine that with the unaidecl eye one can distinguish little or
nothing in regard to its mineralogical composition. It is very heavy and
is exceedingly tough.

Microscopic description.-In thin section under the microscope the fol-
lowing minerals, named in the probable older of their forrnation, are
revealed: Black ores, olivine, plagioclase feldspar in narrolv, lath-shaped
crystals, augite, and in some instances a small amount of sreen secondary
hornblende. The texture is typically ophitic, and the feldspar laths have a
decidedly random or haphazaril arrangement. The rock is similar in alr
respects to the diabase of the Piedmont region. rt has no genetic nor other
important relation to the ore deposits, ancl, as it oc.curs ;n ttris custrict, is
of no commercial value.

STRUCTURE AND METAMORPHISM.

GTNI]ITAI STATTIIENT.

rn other chapters the nature of the rocks and ores have been discussecl,
and their relationships to each other have been considered. The rocks
although profoundly alterecl, both physically and chemically, since their
original deposition, have been identified and classifiecl, ancl their areal dis-
tribution has been determined ancl shoi,yn on the geological map (pt. I)
which accompanies this report. The ores have been stucliecl in their relation

A1
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to the rocks and veins in which they occur, and the component minerals of
the ores have been considereil in their relation to each other. These stuclies

have shown that certain profouncl changes have taken place in the roclis
in the district since the original deposition, that many causes have been

active in the procluction of the results, and that to a greater or less clegree

each cause has left its own particular imprint or effect upon the rocks or
ores, each, of course, more or less obscurecl by the succeeding. The agents
producing these changes have been physical (pressure) and chemical (solu-
tion) reauangement, and redeposition of the respective constituents.

In the present chapter it is proposecl to consicler the effects of these

various physical and chemical agencies as recordecl in the rocks ancl ores,

and to clraw such conclusions as to the forces producing them as seem

logical. TJnder the term structure will be consideled largely the physical
agencies, such as folding, mashing, shearing, jointing, faulting, and the
intrusion of igneous rocks. Under metamorphism will be considered both
the physical agenf, pressure, and the various chemical changes that are

shorvn by the rocks to have taken place. These are all scientific and
theoretical considerations, but upon them rest the very practical consiclera-

tions as to continuance of the ore wiUr depth, the character and type of
rocl<s in which the prospector may search for ore 'lvith the greatest possi-

bility of finding if the effect of fractures and faults upon the ore bodies,

the causes for the segregation of the ores in certain places rather than in
others, the origin of the ores, their parent rocks, and many other questions

of prime importance to the mine orvner and mine operator.

STRUCTURAI T'EATURNS.

IOI,DING.

The mashed and highly schistose character: of nearlv all the rochs of
lhe district is the most evident effect of the enormous compression to which

the region has been subjected. The fact that the slaty cleavage of all the
rocks dips almost invariably to the southeast is another almost, if not equal,

eviilence of the tremendous forces that have been in operation at various

times in the long-past history of the district. This prominent schistosity
is one of the last results effected by forces of compression, and is tlevelopecl

only after a regiou is thrown into a series of folds and these closely com-

pressed. There are a number of possible interpretations of the structure,
but the one which the writer cleems to be most probable is that of a closely
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compressed synclinorium, the folds of which have all been overturned so

that the dip is almost entirely toward the southeast. The forces of cleforma-
tion have been so intense that the bedding planes and other original
features of the rocks have been almost entirely obliterated. rt is therefore
oniy in rare instances that one may observe in the fietd the actual crests and
troughs of the folcls, or even the bedding planes of the rocl<s. Thus it
happens that the presence of folds must be determined by circumstantial
or inferential eviclence rather than upon direct observation. Two con-
current lines of evidence, such bedding planes as can be found, and the
areal distribution of the diiferent rock formations as shor,vn on the seolosic
map (Pl. I), offer conclusive evidence of folding.

Beclding planes or iines of st'atilication are found in a few places in
the clistrict, and, while their dip is almost always uniform and torvard the
southeast, there are in a few places observable variations from this direction
which indicate clearlv the crests of pitching folds. These conditions may
be seen in a cut on the branch railroad near the switch running from the
road to the Holloway mine, ancl in another cut on the same road about one-
half mile south of the Blue wing mine; in an exposure i' the wagon road
a short distance south of Jones Ferry; ancl to a less extent in an exposure
in the wagon roacl where it crosses l\rolfpen Branch about one-harf mile
east of Yirgilina. rn many other places there are obscure indications of
similar conditions. The structure has been so greaily obliterated by the
development o{ secondary features, such as schistosity and by the heavy
overburden of decayed rock and soil, that it was not possible to locate on
the accompanying geologic map (Pt. r) the anticlines and syncrines, and
thus work out the structure. The bedding planes are for the most part
parallel with the schistosity, and usually have the same degree of dip.
These conditions may be seen in alrnost trnl' prominent rock expostLre irr
the Aaron slate. rt is especially weil shown in a cut on the southern Rail-
way about one mile west of Yirgilina, where many thin beds of dense slaty
material alternate with thicker beds of nearly pure sandstone. (see
Pl' rr (A).) rt is also noted that where the bedding pranes criverge {rom
tlie general rrortheast-,qouthwest strike of the district, the rocks are much
more massir-e ancl shog' their original textures fairly well, and that rvhere
ther, are parallel rvith the schistosity the rocks are highly schistose and have
suffered intense dynamic metamorphism. These facts indicate prefiy
clearly that there has been much close folcling, and the variation in char-
acter of the rocks mav be explainecl by the fact that dynamic metamorphism
is always mole intense on the limbs of folds than orr their crests. The more
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massive rocks there{ore indicate the crests or troughs of folds, rnhile those

more highly schistose and altereil indicate the limbs of the folds.

An equally strong, if not a stronger, indication of foldfug is the areal
distribution of the dilTerent rocl< formations of the district. This is best

seen on the geologic map (P1. I) on which the different formations are

shown in different colors. It will be noted that there are two gencral types

or forms of rocl< distribution shor'vn upon the map, one consisting of long
narrow bancls terminating for the most part in sharp points, ancl of blunt,
more or less ellipsoidal, areas, the former indicating the volcano-sedi-

mentary roclis and the latter those intrudecl into them.

Even a glance at the geologic map (P1. i) will show that in a general
way the nar:row bands repeat themselves with great regularity. Any cross-

section will shorv that if one assumes a northeast-southwest axis through the
center of the district, there is a regular sequence of formations on each side

of this axis. This is well shown in the section exposed across the clistrict
along the Southern Railway. The center or axis crosses the railroad about
the middle of the bancl of Aaron slate a short distance lrest of Virgilina.
Both east and west of this point the formations are repeated in regular
sequence. It must be assumed that such rocks as these must have been

deposited originally in approximately horizontal beds or strata, one above

another. As they occur to-clay these strata are turnecl almost on ealge, ancl

are repeated in more regular sequence such as one might expect rvoulcl
result from folding.

These lines of evidence seem to prove that the district has been thrown
into closely compressecl folds r'vhose axes have an approximate trencl of
north 30o east. The exact nature ancl the details of this foliling are very
difficult, if not impossible, to determine. If one assumes one large regular
syncline such as the clistribution of the formations ancl their relation to
each other would seern to warrant, it still remains to explain the conditions
rvhich could permit the building up of beds or strata of rock yarying irr
thici<ness from one to more than three miles. \{thile this conclusion at first
glance appears to be justified, closer stud;r lsyssls anothel rvhich it is
believed rnore logically follo'ws from the observations, and also has the
ailvantage of not requiring the assumption of strata of such enormous
thiclcness. Therefore while fully realizing that other interpretations are
possible and logical, the one outlinecl below is the most plausible to the
writer.

The rlistrict replesents a closely compressecl synclinorium consisting of
numerous anticlines ancl synclines only a felr, of ryhich are at present
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determinable, the major axis of which has a northeast-southwest trend
and is locatecl approximately in the center of the district. The folding has
been close, ancl the compression so intense as to impose strong schistosity
having a trend parallei'lvith the main axis of the synclinorium and a steep
southeast dip. \\rhat might be assumed {rom the distribution of the
formations as their thickness is apparent and not real, there being a number
of minor synclines and anticlines on each limb of the major syncline. The
probability of this interpretation is strengthened by the occurrence of
nalrow, spinille-shaped areas of one formation in another, the explanation
being that thev are portions of overlying or urrderlying formations brought
down or up in compresseil pitching synclines or anticlines. Assuming this
to be the case, there is no reason for assigning a thickness of more than
one-half mile to any for.rnation, which rvould not be excessive for tuffaceous
rocks.

\Yhile the axes of the najor folds have a northeast trencl, the shape of
the different clastic fomations indicate r.ery clearly a minor series or
system of folds lvith axes almost at riglrt angles to the major series. The
effect of the second series rvas to form the first anticlines and synclines
into a series of cross-folds or folcls rvith axes at right angles to the major
series, and thus throrv the whole district into a series of pitching synclines
and anticlines. Two such cross-folds and their resultant saddles are clearl.y
indicated in the distribution of the formations as shown on the geologic
map (P1. I), one with an axis running about P0 degrees west of north,
apexes somewhere near the High Hill schoolhouse, and the other occurs in
the southern part of the area. Its axis woukl lie somewhere along a line
drawn from St. Matthew's church io Bethel Hill. Tt rvas not possibie
during the fielcl rvork to obtain anv direct observations such as clip and
strike of bedding planes to prove the presence of these cross-folds, but the
distribution of the different formations at these points is so typically char-
acteristic of pitching folcls that it seems logical to assume that they exist-
If this interpretation is correct, the crest of any of the major folds lr'ould
be described bv a rvavy line with crests and troughs, and the two localitjes
just described are cross-anticlines, irhile to either sicle of them are corte-
sponding synclines.

Another feature of the foicling is that, with very ferv exceptions, the
bedcling planes of the rocks rlip steeply about ?0 degrees towarcl the south-
east, and have a stril<e parallel with the major axis of the folding. The
exceptions to these conilitions, as far as coulcl be determined during the fielcl
work, are few ancl irregular, and are strongly indicative of pitching folds"

+o
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in which case they woulcl mark the troughs anil crests of the folds. It is

believed that the only explanation of this almost universal southeast dip
of the strata is to assume that during the time of folding there was con-

siderable thrust from the southeast toward. the northwest, and that the
folcls were all overturned toward the northwest.

SCI{ISTOSITY.

Probably the most evident structural phenomenon of the district is the
very prominent slaty cleavage or schistosity of the rocks. This almost
invariably has a north to northeast strike, and a dip of frorn 60 to 80

clegrees towaril the southeast. In many places it corresponds to the bedding
planes of the rocks where such can be distinguishecl, but on the crests ancl

in the troughs of foids the schistosity maintains its usual dip and strike
regarclless of the bedding planes. In studying the structure of the district
one must, on this accounf be very careful not to confuse the primary planes

of stratification of the volcano-seilimentary rocks with the schistosity, which
is in no way relatecl to the bedding planes, but has been induced by com-
pression. It is not intendecl to affirm that all the rocks of the district are

unifouniy and highly schistose, for such is not the case. The intrusive
rocks, which are younger than the volcano-seiliments, shorv little or no
schistosity, and were therefore evidenUy intruded subsequent to the peliod
of intense dynamic metamorphism. l'urtherrnore, in many places, probably
on the crests and in the troughs of folds, and also in certain areas in which
the rocks are massive-probably normal anclesites insteacl of andesitic
tuffs-the schistosity is not so prominent as to obliterate the other featurcs
of the rock. In many places schistosity has destroyed all the origirral
textures ancl features of the rocJ<s, and is so prominent that they may be

split into slabs almost thin enough for use as slates. This is especially
rvell shown in a bold outcrop on the north bank of Ran Diver, a short
distance below the mouth of Hyco River. At this place, known as the
Harris slate quarry, an attempt has been made to quarry the material for
use as roofing slate, but, so far as the work has extendeil, the rock has not
been founcl to be suitable for such purposes.

Since it i.c lrnown that the secondary phenomenon slatv cleavage or schis-

tosity is developed by compression, and that it forms in a clilection rtormal
to the axis of application of the force proilucing it one may safely conciude

that the forces producing the schistosity in this district acted in a north-
l'est-southcast d i rectiolr.
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'Ihe forces producing the folding and schistosity had ceasecl long before
the formation of the veins and the deposition of the ores, and, of course,
have had no effect upon either. The vein natter shows no schistosity.

JOINTING.

Joint planes are prominent in all formatjons, but are more prominent
in the more massive rocks, and are very abundant where the volcano-
secliments lie niost nearly horizontal, and least abundant rvhere schistosity
is greatest. In strike the joints tencl to group thernselves in the northwest
and northeast quadrants of the circle, with a smaller group having an
approximate north-south strike, and very ferv approximating the east-west
direction. In ctip their planes cut the horizon at almost all angles, but it
appears that by far the greatest number har.e a steep easterly or south-
easterly dip. In the schistose formations the majority of the joints have
a north to northwest strike, and an east to north dip. It is probable that
the small number of joints in these formations with northeast strike may
be accountetl for on the basis that, because of the prominent schistosity with
northeast strike, it was easier for the joint-producing forces to relieve
themselves along the planes of cleavage already cleveloped than to p1'oaluce

nerv fractures. Many of the joint-planes shorv slicken-sided surfaces, ancl

it is not improbable that along many of them there has been more or less

dislocation, but it is believecl that in the great majority of cases they are
merely fracture planes and not planes of clislocation or fault planes.

The joint planes have been of far greater irnportance in the geologic
history of the district than one might at flrst thought suspect. They have
formed the openings in which both clil<es anil veins occur, except where the
latter follow the planes of schistosity, rvhich is not usual, and are thus the
controlling fagtor in the location, trencl, and clip of dikes and veins. It is
realized that some. of the veins may have been cleveloped in fault planes,
but, so far as could, be determined during the fiekl work, there is little
conclusive eviclence that such is the case, ancl it, therefore, appears safest
to assume that by far the greater portion of the veins has been developecl

in joint planes, opened in part by the linear force of the crystallization of
the vein matter, and in part by replacement of the country rock.

A few words should be said in regard to the time of development of the
joints. Little evidence on this question is available; but what there is
indicates that the joints were formecl in large part since the close foliLing of
the district and the development of the schistosity. Joints are fractures
in the rocks, and hence are formetl in the zone of fracture, while folcling

AF
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and the development of schistosity are florv phenomena, and are necessarily
developed in the zone of flowage.

Furthernore, as shown in the mine wolkings, the trend of the most
prominent system of joints in the district so nearly coincides with the
strike of the schistosity that it is difficult to conceive of the trvo having
been cleveloped simultaneously and by the same force. It is not believed
that all the jointing is necessarily contemporaneous. fndeecl it is well
}<nown that the region has been subjected to more than one period of eleva-
tion and depression, and it thus seems logical to believe that a certain amount
of fracturing would take place during each period of earth movement. As
has been stated and discussed in detail in the chapter on the origin of the
veins and ores, it is believed that they are connectecl genetically with the
intrusion of the great masses of granite of the region, small areas of which
occurring in the district are shown on the geologic map (P1. I). It is

well known that at one periotl in the geologic history of the Piedmont
region enorrnous masses of granite were forced into the already existing
rocks, and it is believed that while it is probable that not all the granite
was intruded at one time, by far the greater part of it came in tluring
a single more or less extendecl period of intrusion. Such great bodies of
magma coming into the zone of fracture lyould necessarily produce more or
less fracturing, some of which rvoulcl be very dssp. Ifence it is believed
that many of the deep fractures, rvhich later were filled rvith vein water
and became the ore deposits, were fomed contemporaneouslv with the
granile intrusions.

The systcm of fractures in whjch the veins occur appear to have been

tormed by a force applied so that the stress could be relievecl in part by
tearing the rock apart along the planes of schistosity, and in part by
fracturing the rocks along planes forming verv acute angles with the
schistosity, thus givlng the veirrs the appearance of lissures combined rvith
"stringer leacl" or riftecl schist type of veins.

]IAULTING.

There is but little direct or conclusive evidence of faulting in the
district, ancl such as there is consists of minor displacements of a ferv feet
in some of the ore bodies or veins. It seems hardly probable that so much
clynamic metamorphism could have taken place in the district without
proclucing a certain arnount of faulting on a large sca1e. Ifolvever, if such

exists, it r-as not detccted. It is not at all improbable that many of the
plominent. veil.s. both barren anrl ore-bearing, l'ere developed in fault
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planes; but, if they were, no direct eviclence of it was detected, unless the
thin lamine of quartz and ore in the rifted schist which forms part of the
vein in many places, or the slicken-sidecl walls which are founcl occasionally,
are such evidence. The lenticular character of the veins, their pinches and
swells, when explained on the theory of Becker that the fracture repre-
sented a wavy line and that any movement of eiiher ri'all rrould tend to
bring two crests and two troughs of the fracture opposite each other, and
thus produce the pinches ancl swells, is also er.idcnce of at least a small
amount of displacement. \\rhile technicallv such movements along fracture
planes is faulting, yet the lesults from a structural stanclpoint might be

negligible, and, rvhile it is p<lssible that sorne of the veins wele formed in
planes of profound clisplacenent, one certainly is not justified in assuming
it from such evidence as that just stated. If such faults exist they were
formed prior to the {ormatiorr of the rreins antl the deposition of the ores,

since these show no evidence of any such movements.

In three of the mines, the Seaboard, the Blue Wing, :rnc1 the Durgy,
there is minor faultinglvhich affects the veins in a small way.

The dislocation in the Seaboard mine is at the south end of the 200-foot
leveI, anil the vein appears to be cut out completely by a cross-fault. There
is little doubt as to the fault, but the developnient rvorl< has not been

sufficient to furnish data as to the amount of clisplacement. Such eviclence

as could be obtained indicates that it is probably a minor fault, and that
the displacement is slight.

l-he tlisplacement or faulting, as exposed in the Blue \\ring rnine, occurs

on the level imrnetliately north of the diabase dilre. The vein is shatterecl

and displaced a few feet. The fault is probably contemporaneous with the
intrusion of the dike.

The dislocations repolted in the I)urgy veins are all trivial, and appear

to be similar to that in the other veins. They have no important influence
upon the ore body and the clislocation is slight. Incleed it may not be fault-
ing at ail, and may be sirnilar to a mud-filled flacture which \\reedo states

rvas encounteretl north of the shaft on the thircl level of the lIol1o$,ay tlirre,
rvhich, rvhile shattering the rr'alls, clid rot rlisplace the veir,s.

It is believeiL that these minor flactures ancl faults rvere probably
cleveloped during the earth movements attendant upon the ou.tpourirrg of
the basalt ancl cliabase, and the intrusion of the trap dikcs along the
Atlantic Coast during Triassic times. So far as could be detcrmined, thev

" \Need, \\i. H.: Copper Deposits in the Southern United States, Trans. Am.
Inst. llin. Ilng., Yol. 30, t900, p. 460.
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have had no influence upon the vein clevelopment, nor upon the mineraliza-
tion and enrichment of the ore deposits.

INTRUSION OF IGNIOUS ROCKS.

Intrusive rocks occur in considerable quantity in the district. They
range in character from diabase and gabbro to syenite and granite. They
all have been discussecl in more or less detail in the chapter dealing with
the rocks, and descriptions need not be repeated here. The syenite, diabase
ancl much of the gabbro, and smaller amounts of ihe granite and cliorite
occur as dil<es. The intrusion of these masses of magma has had little effect
upon the structure of the district, in {act much less than might be expected.
About the only effects so far as notetl, asitle frorn the probabiliy that the
granitic intlusions are responsible for the solutions rvhich formed. the veins
and ores, and the opening up of joint planes by the tlil<es ancl more or less
bending of the planes of schistosity in the schists by the bodies of ig'rreous
rock.

METAMORPIIXSM"

Generul statoment,.-The terrn metamorphism is intended to be used
broaclly enough to include all changes which have taken place in the rocks
of the district since their original deposition or intrusion. There are no
means of learning even approximately all the changes that har,e taken place
in the rocks of the district, nor of knorving the agencies which produced
them, but enough of the previous, if not original, textures of the roclcs
remain to enable one to trace some of the changes that have taken place.
Changes are produceil by two kincls of agencies, each proclucing its own
results, though modified, of course, by the other. These agencies are
physical, representecl by compression, and chemical, representecl by meta-
somatism, solution, and deposition or precipitation.

TEXTURAI, CITANGES,

The effects of clJmamic metamorphism as shown by folding, jointing,
faulting, and schistosity have all been discussecl in considerable detail in
another place in this chapter. All types of rocks of the ilistrict, except
the Triassic sandstone and diabase dikes, which have been formecl since
the periocl of dynamic metamorphism, show more or less clearly a record
of the changes that have taken place. Through pressure combinetl rvith a

certain unknown amount of chemical activity, the open-textured tuffs of both
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basic and acid types, as well as the rnassive types of the same rocks, have
been changed into hghiy schistose rocks, the clegree of schistosity varying
according to the originai rock ancl other factors. The rocks have been
mashed and their various constituent minerals elongatecl and flattened and
compressed until in many instances the original texture of the rock has
been almost completely destroyed.

fIIN.]!RALOGI CAL CHANGES,

Corrcomitant with the textural changes thele have been profouncl min-
eralogical changes; original minerals have been completely replaced by
other entirely difierent minerals; certain minelals have altered wholly or
in part to other minerals, ancl niirrerals entirely foreign to the rocks have
been brought in from outside sources and depositecl in them. These
changes have taken place on a large scale, and are characteristic of the
whole district. They have all been discussed more or less fuily in the
detailed descriptiorr of the rocks, pages 14-41, ancl to a less extent in the
chapter on the origin and deposifion of the ores, but it may not be amiss
to give a brief summary of the subject in this chapter.

Each class of rocks, is, to a large exten! characterized by a type of
alteration peculial to itself. In the acid rocks, such as the quartz porphyry
and the acid tuffs, anit to a less extent the granite, many of the original
minerals, especially the feldspars, have been destroyecl anc.l their places
taken by sericite or kaolin. There are all clegrees of sericitization depend-
ing upon the intensity of the forces proilucing the change, the end procluct
being a quarbz-sericite schist which shows nothing of the original char-
acteristics of the rock from which it was clerived. Tn these rocks there have
ireerr developed also small amounts of biotite, chlorite, and epiclote, but
these mirrerals are characteristic of the basic rather than the acid rocks.

The secondary minerals peculiar to the basic rocks, andesite, andesitic
tuff, and the basic dike rocks, gabbro, diorite, ancl iliabase, are chlorite,
actinolite, epidote, zoisite, clinozoisite, calcite, ancl to a less extent biotite.
As with the acid rocks, there are all clegrees of alteration, the encl product
being a chlorite-epidote schist.

I[INTRAIIZATION.

The formation of the veins ancl the deposition of the ores are consiclered
as a part of the metamorphic process. As has been statecl in rliscussing the
veins ancl ores, it is believetl that the material for the veins was largely,
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and the ores wele wholly, derived from sources outside the rocks in which

they occur. If these assumptions are true, and all the evidence available

strongly supports them, the formation of the veins ancl the deposition of

the ores form, from an economic standpoint, the most important meta-

morphic event in the geologic history of the region. It is believed that

the materials for the highly siliceous veins ancl the ores were derivecl from

the great masses of granitic rocks that rvere intr-ucled into the region long

a{ter the period of intense dynamic metamorphism w'as past, and that they

were canied in solution, probably highly heaterl, and deposited in fractures

in the basic schists. The veins are believed to haYe been formed by opening

fractures, in part by dynamic forces associated with the intrusion of the

granite masses, and in part by the hnear force of the crystalliztng qraft,z;

and that they rvere consiclerablv wjdenecl ancl enlargecl by replacement of

the waII rocks by vein matter and ore rvhere the olre occurs in veins' and by

ore where the ores ale mole or less disseminated in the wall roclrs near

the veins.

It appears to be clear from the study of such ore ileposits as the Hollo-

u-av and the copper King mines, ore bodies in which the replacement of the

wall rock has probabiy played an important r6le, that the character of the

rocli has been a very important factor in the development of the ore bocly.

From such accounts of the Holloway ore body as were accessible to the

rvritel. it seems to be establishecl that some of the pinches and swells in this
nine rvere determinecl by the character of the wall rock, which in this mine

is var.iable. \{lhere the wal| rock was tuffaceous and more or less open

textured the ore body is said to have been wide, but'where the rock was

rlerrse ancl harcl as is much of the porphyritic phase of the Virgilina green-

storre the ore body is said to have been much narrower.

WEATHTRING.

The only metamorphic process active at the present time is the super-

ficial alteration of the rocks and ores linorvn as rveathering. By the term

weathering is meant all the changes involved in the transformation of the

rocks into soil. Under surface condition$ the roclis are not stable and

gradually disintegrate ancl decay until in the fina1 stage they pass into soil.

The processes involved in this transformation are both physical and

chemical. The physical forces, important among which are expansion ancl

contraction, and the expansion of ice formed during the winter when the

water in the surface rock is alternately frozen ancl melted-are in large

measure responsible for rock disintegration. The chemical reactions
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ini'olvecl produce hvdration, oxiclation, carbonation, and solution. The
complex minerals are broken up into simple combinations, the soluble por-
tions are removed and in the end all that remains of the solid rock is soil.
The tendency is always from the unstable to the stable, ancl in the end only
those combinations of elements remain which are stable under the nrevail-
ing physical and chemical conditions.

When decomposition proceecls more rapidly than erosion, the rocks
become coverecl with a thick mant]e of material which at the surface is
soil, but which gradually becomes with depth the fresh unaltered rock. fri
such a region it is only in places in which erosion is very.active, such as

stream beds and steep slopes, that rock outcrops are founcl. Much of the
Pieilmont area of the Southern States is in this conclition, and indeecl the
same is true of the greater portion of the Virgilina district, as shown on
the accompanying map, Plate L

Weathering affects the veins and ores just as it does the rocks. The
massive vein matter, quallz and calcite, is broken up, the calcite taken
into solution, and the insoluble qrarLz fragments are left behjnd in the soil.
The ore minerals are also unstable, are attacked and broken clown, the
soluble portions removeil, and the remaining portion, usually iron oxicle,
remains in the form of gossan. The process is rarely carrieal to completion
in the Yirgilina district, and, so far as data were available, the outcrops
of the veins even at or very near the surface are markeal by green and
blue copper carbonate stainings instead of by porous masses of iron oxide
or gossan associated rvith quartz. As a general rule, the order of alteration
in vein outcrops is as follows: From sur{ace to level of permanent ground
water, Ieached and highly oxidized vein matter with little or none of the
original ores remaining; from the level of ground .water to the depth of
more or less active circulation, a zone of primary ores more or less enriched.
by high gracle seconclary ore minerals; and, finally, below this zone ancl

extencling to the depth of mineralization, the ores as originally deposited.
In the Virgilina district the original ores are the rich sulphides, chal-
cocite and bornite, the veins are tight and the circulation in them apparently
not very strong. Consequently, there is no markecl midclle or enricheil zone

in the veins. The important secondary ore minerals are chalcocite, cuprite,
malachite, azurite, chrysocolla, and possibly tenorite, which with the
exception of tenorite, are fairly plentiful in the oxidized portions of the
veins.
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GEOLOGIC IIISTORY.

GENERAI, STATEMENT.

Tn the chapter dealing with tletailed description of the rocks, ancl that
in whjch the structure ancl metamorphism were cliscussed, many factors

bearing on the geologic history of the Virgilina district were consiilerecl in
their relation to the subjects uncler discussion, but anything in the order

of a connected story of the geologic development of the district would have

been out of place in those chapters. Since the geology of the surrouncling

region has not been studied in detail, and the relationships of the different
formations of the district ancl their areal extent is unknown, no attempt
will be maile to correlate them with any knoli'n and described forrnations.
X'urthermore, so far as observations have extencled, all forrnations exposetl

in the \rirgilina district below the Tnassic sanclstone are nonfossiliferous.
These conditions make it unwise to attempt to locate in the geological

column any of the formations except the Triassic sanilstone and the diabase

dikes accompanying it. Al1, therefore, that will be attempted will be state-

ments showing as far as possible the origin of the different formations,
their relation to each other, ancl brief discussions of the important geologic

events in the history of the district, together with surmises as to the age

of the different formations.

][ICA AND HORNBI,ENDD GNDISS.

lfhe oldest rocks of the Virgilina district are founcl on the extreme

western border of the area mapped (P1. I), and it is assumecl that its
history begins with the deposition or formation o{ those rocks, which are

of two types, a well-defined mica or biotite gneiss, and a smaller amount of
characteristic hornblencle gneiss, each intimately associated with the other.

As has been stated in the chapter on the detailecl description of the rocks,

these formations resemble r,ery closely the Carolina gneiss ancl the Roan

gneiss, respectively, and it may be possible that future work will establish

the similarity. As has been proved in regard to the Carolina ancl Roan

formations, it is believed that the mica gneiss of the Virgilina district
represents the metamorphosed equivalent of a sedimentary formation, older

than the hornblende gneiss, which is believed to be of igneous origin, ancl

to have been intruiled into the seclimentary formation before its metamor-

phism. Ii is believecl that these g'neiss forrnations are of pre-Cambrian

age, and that they formeil the basement upon which the volcano-seilimentary

series were deposited.
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IGNEOUS ACTIYITY.

There is no means of knowing the interval of time that erapsed between
the metamorphism of the gneisses and the beginning of the ig:reous activity
which formed the greater portion of the rocks of the district. But it is
certain that the basement roclcs had sufferecl intense metamorphism before
the deposition of the volcano-seilimentary rocks.

The beginning of igneous activity was markecL by the outpouring of
acid or rhyolitic lava, associated with which was explosive volcanic activity
on an enormous scale. This is the periocl that produced the material
which now forms the mashed qaartz porphyry, and acid tuff, and the
sericite schists which are regardecl as the same as the quartz porphyry and
acid tuff, onlv more highly metamorphosed. rt is impossibte to picture
the details of this and the following volcanic activity, but it is believed,
from'the wide and regular distribution of the rocks, to have been both of the
fissure types of eruption, in which the lava broke through the already-formed
rocks at numerous places throughout the whole region. After a great
thickness of this materiai was piled up, it appears that the vulcanism in a
measure subsided, and that there was a change in the type of ejectamenta
{rom acid to basic-from rhyolite to andesite-arid that d'ring the first
pad of the outpouring of andesitic lava and tuff the vorcanic activity was
either slight or intermittent. These assumptions are based upon the fact
that the lower part of the basic portion of the vorcano-sedimentary rocks is
in part of terrigenous origin-that is, .it consists of basic volcanic material
intermjxecl with varying amounts of land rraste. rn fact, some of the becls
are nearly pure sandstone, and others are nearly straight cong-lomerate.

After an unl<nown periocl in which a great thickness of this 
'olcano-terrigenous materiai was laicl down, the vulcanism again appears to have

become very active, and it appears that the ejectamenta became clean
arrdesite and anclesitic tuff. There is no wav of even surmisirig the clulation
of this type of activity, but it certainl-v continued long enough for an
enormous thiclaress of the andesite and a.desitic tuff to be built up. The
activity seems to have subsicled graduallv aricl somewhat in the same ]nanner
as it developed, since immediately overlying the crean andesite and andesitic
tuff there is an euormous thickness of r,olcano-terrigenous material that can
not in any way be clistinguishecl from similar materiar built up im'rediately
prececling the outpouring of the andesitic material.

Tlre evidence as to the conditions under. which these volcano-secli-
nlentary rocks rve'e cleposited is not clear ancl conclusive. so far as obser-
vations have extended, the acid flows antl triffs appear to have been deposited
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upon dry land. At least no clearly water-laid materials such as corr-

gfumerat'e antl sanclstone were recognizecl. On the other hand there is

nothing to prove they were air-laid or to determine that they were not

laid down under water.

\Yhen the volcano-terrigenous beds which immediately overlie the acicl

flows ancl tuffs are examined in detail it is clear that a large part if not

all of the material was laid down under water. There are irregularly

intercalated beds of more or less pure sandstone andl numerous nar"low

bands of rsell-defined conglomerate, the pebbles of which are o{ well-

rouncled quarlz, and the matrix of more or less pure, fine andesitic material'

In fact, tle matrix is apparently as fresh ancl unaltered as similar material

in the straight andesitic iuffs, a fact whjch makes it clear that the material

while ctearly .r,vater-Iaid was transported only a short distance, and that

it was not exposed to weathering agencies for a great length of time' The

distribution of the sanily and conglomerate beds indicates an offshore of

or a flood-p1ain deposit. The fact that the conglomeratic and sandy beds

occur in similar positions on each side of the area is regarded as evidence

that the material was cleposited in a shallo'r,v basin or an open arn of the

sea. The iatter hypothesis is regarded as the more probable of the two,

since the series of volcano-sedimentary rocks increases greatly in areal extent

torvarcl the south.

The age of this volcanic activity is not known, and it has been con-

sidered by some, especiaily some oJ the early writerso on the subject, as

pre-Cambiian, while more recent stuclents, as well as the first writer on the

subject, Ebenezer Emmons,b regarcl them as of early Paleozoic age. The

most conclusive evi[lence on the subject is by watsonc ancl Powe]l, in a

description of a somewhat similar volcano-seclimentary series of rocks and

slates lying northeast of the Virgilina district. The slates are interbedded

with the tuffaceous rocks, and contain early Paleozoic fossils. As the ques-

tion stancls at present there is not sufficient evidence to deciile it, but it is

believed that such as is available indicates that the vulcanism aiong the

eastem border of the North American continent occurred in the early

Paleozoic period.

" wil1iams, George H.: The distribution of ancient volcanic rocks along the

eastern border of th;United States, Jour. of Geoiogy, VoI' 2,,1894-' p^P' I:?1'
Nitze. H. B. C., and nurr"u, Geo. B.: Gold d6posits of North carolina, N. C.

Geol. Survey, Bull. 3, 1896, P. 37.
,Geological repoit of'tie tr{idland counties of North Carolina, 1856' p.41,

et geq,-' l'Watson, Thos. L., and Powell, S. L.: X'ossil evidence of t)re age of the Virginia
Piedmont sla.tes, Amei. Jour. Sci. Ser. 4, Vol. 3I, 1911, pp' 33-44'
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CONSOIIDATION.

Regarclless of the manner of deposition of the tuffaceous ancr sedi-
mentary rocks, they must have been more or less consoiidated before they
couid have been folded. rt is believed that the process of consolidation
rvas in progr:ess during the deposition of the material, and that within a
short time after the cessation of the volcanic activity the material had
become fairly firm and solid rock. The fact that such a large portion of
the series is water-laicl makes it reasonably certain that the period of
consolidation was short, since the cementation made possible by the presence
of water would play an important pa.t in the process and greaily hasten its
completion.

IOI,DING AND DEVXLOPMTNT OF SCIIISTOSITY

n'ollowing the consolidation of the rocks after an unknown interval,
dynamic forces again became prominent, ancl the locks of the district were
thrown into closely compressecl and. for the most part overturned folds. The
compressive force, as shorvn by the strike of the axes of the folds, acted in
a northwest-southeast direction, and was so intense that not only were the
rocks closely folded, but the process was continued until their original
textures and structures were largely obliterated, and they rvere transformed
into well-defined schists. rt is probable that faulting 

'''ay 
have accom

panied the ilevelopment of the folding, but, if so, the evidence o{ faults
was either obliterated during the period of compression, or it was not
recognizecl during the field studies in the district. rt is also believed that
much of the mineralogical alterations tool< place during the period of
eompression.

IGNEOUS INTRUSIONS.

rt is believed that the interval betlveen the forcling and metamorphism of
the volcano-sedimentary series and the intrusion of the sranite and other
rocks was a long one. one thing is certain, the rocks hacl been transformed
into schists before the granite and other plutonic rocks now in the series
came in. They are massive and show no indication of having sufferetl any
dynamic metamorphism, facts which r,vould be impossible if these roclrs
had been present in the series when it was compressed. There was no way
of deter:rnining the relative age of the different intrusives except that the
coarse-grained granite in the vicinity of Buffaio Lithia Springs is probably
intrusive into the finer-textureil granite at the same place. The intrusive
rocks believed to belong to this period are granites of two types, a coarse-
grained, in some instances cleciiteilly porphyritic, and an even-granular,



fine-grained type; a coarse- to rnedium-texturecl gabbro, and small areas

of diorite. From observations in areas of similar rocks outsiile the district,
it is believed that the succession, beginning with the o1c1est, is diorite,

granite, gabbro.@ It is believeil that the earth movements attendant upon

these intrusions folmeal the greater part of the joints that cut the schistose

rocks, in many of which mineralized or unmineralized veins of the district

were clevelopecl.

DEYI]IOPI,IENI'OF TT{E YI]INS .l.ND DI'?OS]T]ON OF TIIN ORNS.

Closely associateal with the intr-usion of the granite, probably juurLe-

diately following it, came the solutions forming the numerous quartz r-eins,

and depositecl the ores in the fractures previously forned in the schistose

anclesjtic rocks. The reasons for associating the formation of the veins

and the deposition of the ores rvith the intrusion of the granite have been

given in detail jn the chapter on the origin and deposition of the ores

(pp. 8S-Oa), but it may not be arniss to summarize them briefly at this place.

They are: (1) The veins are highly siliceous, containing 65 to ?5 per cent

silicar (2) the rocks in rvhich they occur arre decided.ly basic; (3) the

ores and vein filling rvere derivecl from a source outside the rocks in

rvhich they occur and being siliceous they rnust be genetically associated
-rvith acid rocks; (a) the time of formation of veins and deposition of ores'

so far as it could be determineil, is approximatel-v that of the intrusion of

the granite: (5) the granite is the only acid igneous rocl; knorvn in the

district which could satisfy the conditjons previously stated, and it is there-

fore believed to have been the souLce, or at least its intrusion opelecl up

the source, from which the ores aud r-ein fillings wele clerivetl. So far as

obserryations have extended, there is no rvav of fixing the age of the vein

formation and the ore deposition. The l'eins ancl ores shou' absolutelv no

indication of having sufferecl regional n'retamolphism' alrl on this account

they must have been formed subsequent to any o{ t}re periocls of inportartt

earth movements in the r:egion. The last of these rvas tlie revolrttion at

the close of Carbonifelous time, antl it seems to be clear that the ores lvel:e

deposited some time since the close of this period, but further than this no

sor-irus are possible with any degree of fact' What rvas going on in the

district between the close of thc ore deposition ancl thc cleposition of thc

Triassic sandstone is unknown. It is belieYctl, hoveveL, that for a lon3"

period preceding Triassic time the clistlict rvas unclet' etosjon.
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TRIASSIC SANDSTONE AND DIABASI' DIKES.

The first geologic eyent of known age in the Yirgilina district is the
deposition of the red sanilstone, a patch of which occurs in the western
boundary of the portion included in the accompanying map (P1. I), rrear
Wolftrap station on the Richmond and Danville branch of the Southenr
Railway. This occurred during Triassic time, ancl shows that at least a
portion of the district'was under water, probably the bottom of a narrow
arm of the sea at that time. It is not known hor'v much of the clistrict
was covered by the Triassic sandstone, for all that remains of this formation
at present is the little patch just refemed to. Near the close of Triassic
time occuned the intrusion of many cliabase dikes into the rocl<s of the
clistrict. \Vhile these dikes are not numerous thev are well clistributed
throughout the distlict antl the surrounding region. At least trvo mines
in the district, the Durgy and the Blue \\ring, have disclosed such dikes,
and in both instances it is perfectly rlear that the dikes are younger than
the veins and ores.

EROSION AND WEA.TIIERING.

n'rom the close of Triassic time all factors indicate thai for the rnost
part the Virgilina district has been uncler constant r,veathering and erosion.
So active harre been the agencies of erosion, that notwithstanding the fact
that the region was reduced practically to base level iluring Cretaceous time,
and then rejuvenated by uplift, it is again, from a physiographic poirrt of
view, in old age. The agencies o{ erosion are vet active, but the relief of
the djstrict is so subtlued that weathering is mole active than erosion, ald,
as a consequence, except in a feu'places, the rocks are deepl_v covered with
soil clerived from their own disintegration aurl decomposition.

PHYSIOGRAPHY.

The southeastern portion of the United States presents three distinct
types of topography, each occupying a clistinct area. These physiographic
provinces, beginning at the coast and extenrling westward, have been nametl
the Coastal Plain, the Piedmont Plateau, and the Appalachian Mountains.

The Coastal Plain occupies the area extending from the shoreline west-
warcl to an abrupt rise in elevatiorr of the land known as the "Fall Line,"
which has a trend roughly parallei with the coast 1ine. The belt as a whole
is a rathet monotonous plain without prominent elevations. Geologically
it is macle up of Cretaceous and younger sedimentary rocks, including
much partially consolidated material.

5!)
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Beginning at the "FalI Line" ancl extending rvestwarcl to the foot of the
Blue Ridge is a belt of moclerate elevation-300 to ?00 feet above mean sea-

level. Relief is moderate and the general appearance is that of a moderately
level region diversified with lowJying, well-roundecl hilis, and gently
sloping valleys. The streams are fairiy well graded ancl are not on the
whole very swift-flowing. The rocks are for the most part of Paleozoic

and pre-Cambrian age, and are of both igneous and sedimentary origin.
They have suffered intense ilynamic metamorphism, which has changed

them for the most part more or less completely into schists ancl gneisses.

The region has iong been subjected to weathering and erosion, ancl for the
most part the rocks are cleeply covered with a thick mantie of soil anci

more or less completely disintegratecl and decomposecl rock. The region is

regarcled as the stumps of an ancient range of mountains which have been

worn away by long periocls of rveathering and erosion. This belt or province

is known as the Piedmont Plateau.
West of the Piedmont Plateau are the Appalachian llountains, a resiorL

of rugged topography, Iong mountain ranges with many spurs, and steep.

oftentimes precipitous, slopes, which comprise the highest mountain peaks

east of the Rockies. 'Ihe valleys are for the most part narrow. The

streams have steep gradients ancl are consequently swift-flowing. The rocks

are of Paleozoic ancl pre-Cambrian age, and are of igneous and sedimerrtary

origin. For the most part they have suffered intense metamorphism rvhich

changed them into various types of slates. schists, anil gneisses.

The Virgilina district lies wholly rvithin the Piedmont Plateau, and its
surface features conforrn to those of the province in general.

Relief.

It is not possible to discuss the sur{ace features in detail or verY accu-

rately without a topographic map, which unfortunately is not available. The

statements here made must, therefore, be regarded as only approximately
accurate. llowevet, the U. S. Geological Survey in codperation with the

State Survey has run the lines of primary levels for the districf which
gives the elevation of a few places accurately. The levels were run along

the railroad from Clarksviile to Denniston Junction, thence to South

Boston, to Keysville and to Buffalo Junction and along Dan River from'
South Boston to Clarksville. The elevation of the town of Yirgilina is
516.1 feet.

The topography of the district is to a large extent determined by the

character of the unclerlying rocks. This is especially true of the Virgilina
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greenstone. These rocks make up the Yirgilina ridge, which attains the

highest elevation within the district, and which is its most striking surface
feature. This riitge, while it is,flat-topped, low-lying, and has very gentle

slopes except where intersected by streams, forms the watershed. of the

district, ancl extencls with considerable prominence through a goocl part o{

its length. It is said to extend with more or less prominence from Dan
River to about 30 miles south of the state 1ine. The most prominent
portion reaches from Dan River to 5 or 6 miles south of the state line,
and the part shorving the greatest relief ancl most rugged topography is

near the High Hill mine, where Hyco River crosses the ridge. The ridge
is made up of the anclesite and anclesitic tuffs rvith their included terrige-
nous material, and its bounclaries roughly delimit these formations.

Aside from the ridge, the district possesses nothing more important in
the way of relief than lo'wJying, well-rounded hills. The large granite
area in the r.icinity of Redoak post-office has sufficient elevation above the
surrouncling country to form a lolv-lying, dome-like hill, deeply scorecl by
streams, the highest portion of which is near the center of the area. Taking
the district as a whole, the only prominent relief or ruggecl topography is

along the more important stream courses, south of but including Dan
River. Hyco River, Blue Wing ancl Aaron's creeks present fairly rugged
topography along the lower portions of their courses.

Drainage.

The Dan and Roanoke rivers form the master streams of the district.
Dan River crosses the district near its middle in a nearly east-west direction,
'lvhile the Roanoke crosses it in a nearly southeast direction, and unites
with the Dan to form the Roanoke a short distance east of the limits of
the district as mapped. These streams and two others, Bannister and
Ilyco rivers, are antecedent streams and hold their courses irrespective of
the rocks over which they flor,v. The courses of the other streams have

been iletermined to a great extent if not rvholly by the character of the
uniierlying rocks, and are therefore consequent streams.

This indicates that the four rivers are perhaps older than the present
topography and are, as it were, superimposed upon it, while all the other
streams are flowing in courses determined largely by the nature of the
rocks, and have there{ore developecl with and as a part of the present
topography. These major str"eams have developecl a surface configuration
which in a sreat measure controls the clirection of flow of the numerous
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small streams. llany of the streams in the clistrict have consiclerable'fall
in their courses ancl, as a consequence, flow fairly swiftly; in fact some of
them in the more ruggecl portions of the district becorne roaring, rushing
torrents after heavy sumrner rains. The larger streams also, during the
rainy seasons of late spring and early summer, often overflow their banks

and inundate consiclerable portions of the valleys through which they flow.
Erosion is rapicl in the region, and little or no attempt is made on the

part of the people to prevent excessive land wastage by control of forest
fres and by grassing the land areas most susceptible to rvash. As a result
much of the soil is r'vashecl into the streams, which especially during the
rainy seasons camv heavy burdens of sedimen! and as as consequence, a

great deal of the land is depleted ancl very lean.

Physiographic History,

A c'letailecl examination of the present surface, in its relation to the
underlying rocl<s aniL the relation of the present drainage systems to the
geologic formations as well as to each other, offers certain indications of
previous physiographic conditions of the Virgilina district.

A close consideration of these facts malces it possible with some rlegree

of probability to make a few statements and surmises as to the physio-
graphic history of the district. The surface features of a region have not
come into their present form and conditions by mere accident but have

been governed by certain larvs and conditions. The rate at which a stream
cleepens and modifies its channel depends upon many items, among rvhich
may be mentionecl precipitation, graclient, character of formations over
which it flows, and these in turn are dependent upon the ever-varying
geologic conditions o{ the region. Each major type of surface has its own
peculiar type of drainage, arrd as the surface features are changeil by any
geologic process, the clrainage likewise changes ancl accomirrodates itself
to the new conditions. One change does not always, nor usually, for that
matter, completely obliterate the features of the previous cycle, remnants

of which can almost always be recognized upon close examination. tr\4rile

it will be by no means possible to trace the physiographic history back to
the beginning, it wili be possible to enumerate a few of the most important
items.

The nature of the r-ocks maliing up the greatest part of the \rirgilina
district-volcanic flows, volcanic tuffs with which in places are large
amounts of terrigenous material. sands, and r'vater-worn pebbles, is clear
eviclence that a.t the time of ciepositior the area rvas low-lying and in part



DETAILED DESCRIPTION OF IT'}IR YIINS AND ORTS.

at leasf untler water-probably offshore or estuary conditions. After an

enormous thickness of the volcano-seclimentary material had been built up,
conditions changed and the region was uplifted high above the sea, probably
into a mountain range. The closely foJded, highly metamorphosed condition
of the rocl<s is strong eviclence for this assumption. Erosion then became

active and a system of drainage was established, but what relation this
drainage bore to the present system it is not possible to state. That the
region was finally worrr down to a comparatively level surface, ancl then
submerged in part at least below the sea, is shown by the areas of red anil
brorvn sandstone of Triassic age which are found in the region ancl in one

small area in the tlistrict. 'What the physiographic features were cluring
Triassic times one can only surrnise. That there was a weil-establishecl
drairrage system, anil that at least a part of the clistrict rvas subrnerged
below the sea are certain, but there is no way of determining the location
of the streams nor of knowing horv much of the district was subnrerged.

It seems probable that the present drainage systern has established itself
since the close of Triassic time, hut at what periotl following this time the
master streams assumed their present courses is not known. It is certain,
however, that Dan and Roanoke rivers and possibly the llyco assumed

approximately their present'courses prior to the elevation of the district
with which the present creeks ancl smaller streams ale associated.

These conclusions are justified by the fact that the rivers follow courses

contrary to or regardless of the present topography ancl geologic structure
of the district. Their courses are largely, if not wholly, independent of the
rock str-ucture of the district, while the courses of the smaller streams have

been determined in a large measure, if not wholly by the geologic structlre
and the character of the formations over which they flow.

It appears, therefore, that the large streams hail assumed their courses

prior to the last uplift of the district and that they have been ahle to wear
clown their channels as rapidly as the country was upliftecl, and thus that
to-day these streams have courses that are genetically related to previous
surface conditions rather than to the present, as are the smaller streams.

DETAILED DESCRIPTION OF THE VEINS AND ORES,

YNINS.

General statement.-The veins of the Virgilina district are typical
fissure veins. With the exception of a few mineralized areas in more or
less epidotized portions or zones of the true basic schist, the ore deposits

ot



lr4 GNOLOGY AND ORE DEPOSITS OF TI{E YIRGILINA DISTRICT.

all occur in well-defined veins in rvhich quartz is by far the predominant

mineral. Calcite, epidote, chlorite, in a fe'r'v instances small amounts of

plagioclase, probably albite, and in some instances a iittle orthoclase, are

present in varying amount. These veins occur in fractures-in solne

instances possibly fault planes-which, taken as a whole have a more

northerly trend than the schistosity of the country rock, which averages

about 30 degrees east of north. The majority of the veins have trentls
varying from 30 clegrees east to 10 degrees west of rorth, while a few-
the so-called cross-courses-vary from 10 to 45 degrees west of north.
Almost every vein, except the "cross-coursesr" throughout some part of its
length follows the schistosity of the country rock. After following the

schistosity for varying distances, the vein is noted to assumc at
once a more northerly trend, usually only a few degrees, thari the schis-

tosity. This course will be held also for varying distances when it again

assumes the trend of the schistosity, the same being repeated again ancl

again. This feature of the veins offers strong evidence in favor of the
hypothesis that the formation of the veins is a comparatively recent geologic

evenf and that prior to their formation the country rocks had been altered
into schists anil rvere in much the same condition that they are at present.

ff such were the case it woulcl be quite norrnal for the shearing forces to
relieve themselves in part along the parting planes of the schists, which
are always lines of weakness. Thus any line of stress differing in direction
from the trend of the schistosity only a fer'v degrees would norma1ly, in
part at least, be relieved. by shearing in the pianes of greatest weakness in
the country rock, that is, in the planes of schistosity. The veins are usually
not continuous for long distances, but in a {ew instances a single vein may

be traced either by the outcrop ol continuous quartz c'l6bris for clistances

varying from one to two miles, and in one case the so-called Mother Lode

vein was traceil by outcrop or almost continuous quarl,z d6bris for nearly
three and one-half miles. A1l veins of the district have characteristic
peculiarities, such as "pinches" and "swells" both linearly and vertically,
which tend to give them the appearance of numerous connectecl quarlz
lenses. In fact in many instances the lenses are disconnectecl, ancl in others

they are joined together only by a mere stringer of quartz. In other cases

the fractures are apparently continuous for longer distances than the veins

show them to be. In such cases vein matter has been developed only at
irregular intervals in the fissures. These peculiarities have a practical
application in doing development work, in that even though the vein pinches

to very narrow limits, or is lost altogether, the fracture in which it
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developed relnains, thus giving the nrirrel the walls of his vein rvhich he

can {ollow with some assurance that they may open again and more vein
matter come in.

It is rare that an important vein fails to present some kind of an out-
crop at some place along its coulse, but in a fer'v instances snrall veins

wtrich had no surface outcrop have been exposed by cross-cutting ancl other
development work. Also in many instances a well-clefinecl vein will, at
many places in its course, show no outcrop beyond a very small or
insignificant amount of quartz d6bris on the surface. As a general mle,
vein outcrops are rare and are found only where the vein happens to be

exceptionaily large or the topography very favorable {or outcrops, such as

steep-hill slopes or a stream or road cutting. The common and also un-
mistakable indication of a vein is the grgat number of quartz fragments
marking on the surface of the ground the course of the vein. The usual
outcrop consists of a ledge of irregular quartz boulclers varying in size from
a {ew inches up to several feet in diameter. A typical outcrop is illustratecl
in Plate MA).

Yery few of the workable mineralized veins in the district are more

than 10 feet l,ide, and the average wiclth is about 3 feet. That they are

numerous is shorvn by the large quantity of quartz d6bris which is found in
greatel or less abundance everywhere. As opened by mining the veins in
generai have well-ilefined ivalls which part reaclily from the vein in mining,
although the mineralization is not confined exclusively to the r,ein, a small,

but often important amount o{ ore occurring in the schist at the contact'rvith
the vein. In many instances numerous fragments ano plates of country rock

are inclutled within the vein. This is so markecl in some cases that it gives

the i ein a banded or brecciatecl appearance. The former especially i s true at

the High HiiI and Blue \{ring mines ancl to a less extent at the Durgv mjne.
At the last-mentioned mine in addition to the pseudo-banding, about 100 feet
north of the shaft, on the 335-foot level the vein was split and inclutlecl a

"horse" of country roclr in the form of a lens about 25 feet thick and ?5 to 100

feet long. Al1 the mines shorv numerous more or less altered angular frag-
merrts of the country rock, indicating that there must have been more or less

brecciation when the fractures were formed. The dump at the Thomas
mine shows more of such included fragments than any other mine in the

district. In ali such cases some of the fragments and plates of country
rock incluiled in the vein show evidence o{ metasomatic replacement in
that they are in many instances more or iess completely altered to quartz.
This phenomenon is especiallv well shown in the Blue lVing vein. The
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quartz thus formed generally has a decided blue or rlirty gray color and

contrasts strongly with the clean vitreous white qrarl,z of the vein. In
many instances near one of the walls a vein wiil consist of thin Iayers of
quartz interleaved with similar layers or plates of schist indicating that
at the time the fracture was formecl the schists were rifted or torn apar'l
along the planes of schistosity, and that the vein matter had been sub-

sequently ileposited in the rifts.
In some mines, especially the Durgy and the Blue \\ring, the walls at

the contact with the vein in many places are very smooth anil closely re-
semble slicken-sided surfaces. Such, indeecl, may be the case, since it is
not at all unlikely that there was considerable morrement at the time the
fissures were formecl, or even since that time. 'Where 

there are no slicl<en-

sides nor even any inclication of them, the contact between vein ard wa1l

is generally clear-cut and sharp, and there are no very evident inilications
of replacement of rvall rock b5' quartz and other vein matter. The on11'

change at the contact is a kind of dark-colorecl chloritic rnaterial sornen'hat

resembling altered schist, which in places wraps the veir. Weed speaks of
this feature as being prominent at the Holloway vein, and describes it as a

micaceous wrapping probably clerir.ed trom the countqr rock.

Only a small petcentage of the veins are mineralized, ancl they are

almost exclusively confined to the Yirgilina greenstone. With the exception
of the Iiay mine, everT prospect opened to any important extent in the
clistrjct is in a vein in the greenstone. About the only rvay in rrhich the
barren veins differ from those that contain the ores is in the fact that
the ore minerals are lacking. Possibly calcite and epidote are also less

plentiful in the barren veins, and felclspar and in places hematite are

equally if not more abundant. So far as is known the quartz of the barren
vein is similar in all respects to that in the veins which carry r'alues. The

veins at the different mines have been described in detail under the
descriptions of the respective mines, and since this chapter is confined to
descriptions of the veins as a class and to generalizations in regard to them,

these descriptions will not be repeated here.

It may be noted that, if upon the accompanying geological map, Plate I,
a line be drawn approximately 30 degrees east of north from the Duke
mine, it will pass through or very near the following mines anil prospects:

'Ihe Cross Cut prospect the Durgy mine, the Northeast prospect, the
Copper Worlcl mine, the Gillis mine, the Thomas rnine, the Hollorvay mine,
and the Blue \\ring mine. Thus this line forms, as it were, an axis along
rvhich practically all the developed rnines of the North Carolina portion of



DliTAIl,llD DESCRIPTION Oli THI yE]r*S AND OItI,lg.

the clistrict lie. It may also be noted that a second, but so far as <leveloped
at plesent, a seconilary axis or zone of mineralization, is locatecl about three-
foru'ths of a mile northwest of the main axis and runs parallel with it. The
ores of the main axis are those characteristic o{ the Yirgilina district and
consist of bornite ancl chalcocite in the usual quartz-cpidote-calcite garigue,
r-hile that of the seconcl includes the nativc coppel deposits of the Catoctin
type.

The writer freely confesses that thus far he has not been able to find
:r satis{actory cause for the relationships just described. Several factors
suggest themselr-es as possibly having a bearing on the subject, arrlorg.
l'hich may be mentioned the follolving: The mineraiization may be asso-
t:ia.i.ctl genctically wiih certain phases of the Yirgiiina greenstone and con-
scquentlv is founcl only lvhere these phases of the rock occur. Or on the
other hand, the mineralized bands or zones may represent lines or zones of
rir:ep i'acturing and faulting rvhich openecl channels through which the
rrrilr:ralizing solutions carne into the greenstone from an entirely outside
source. The first hypothesis appears to fail because of the {act that, so far
as coulcl be determined, the greenstone of the mineralized zones does not in
a]l' wa\r di1ler petrographically from that outside of these zones. Manv
factors seem to sustain the theory that the mineralized bands or zones
lcpr"esent lines of deep fracturing ancl it is, therefore, offereii as a tentative
explanation of the phenomena.

NATIYT COP?NR D]IPOSII'S.

The deposits of native copper ancl cuprite in epidotized portions or zones
of tlie country rock, ivhile not occurring in veins, shoulcl be considered in
this chapter. Thus far these deposits have amourited to very little from a
cornmercial standpoint, but to the student of ore cleposits they are very
impor:tant, and of course, there is a possibility that such a deposit on a
large enough scale to be worked on a commercial basis may be discovered.
These native copper cleposits are included by ltrreedo in his ,'Catoctin type."

The writer hacl little opportunity to study this type of deposit, tLere
being only one small prospect in ihe native copper zone in operation at the
time of the fielc1 examinations. Because of this, details were not obtainable
and but little in the rray of generalization can be given. Thus {ar only a
few opcnings have been n.rade in this type of deposit, and these have been
for the most part confined to a narrorv zone begirrning a,t the southern

" \Veed, Walter H.: Types of copper deposits in the Southern Ilnited States.'l'rans. Arn. Inst. Irlin. Eng., Vol. 30, 1900, p. 452.
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limits of the town of Yirgilina and extencling perhaps two miles south-
westward. So far as noted there is no vein and no typical gangue minerals,
unless the epidote and quartz be so regariled, and the copper occurs in the
metallic state as small grains and smali irregular areas in the highly
silicitred and epidotized areas or zones in the country rock. Unlike the
vein deposits, in linear extension they appear invariably to follow the trencl
of the schistosity of the country rock. The natir,e copper so far as noted is
confined to areas of epidote, and in most instances in quartz stringers ancl

areas in the epidotized schists, suggesting that the solutions which produced
the alterations in the country rock also brought in the copper. It may also

be further suggesteil that the fracturing rvas not extensive enough to permit
the formation of the usual vein, the schists having been only sufficiently
torn apart to permit copper-bearing solutions to circulate to a iimited
extent through them. This, however, cloes not throw any light on the
question as to why the copper should have been deposited in the metallic
state instead of as sulphides, as in the quartz veins. It might be suggested
thaf ferrous iron in the minerals o{ the country rock mav have caused it.
It is known that minerals, even silicates, rich in ferrous iron mav, tnder
certain conditions, reduce copper in solutions to the metallic state.

In a few instances native copper rvas noted in amygdules in epidotized
schist clerived from areas of amygcla.loidal andesite intercalated in the tuffs.

The cuprite which occurs in this type of deposit is not confined to the
epidote and quartz, but js found in the parting planes of the schists near
the native copper in epidote. In some instances small areas were noteal in
the quartz and epidote, filling spaces that had once been filled with native
copper. Other areas lyere seen in which a core of copper still remained.
The cuprite is believecl to be of supergene or secondary origin ancl to have
been delived from the native copner.

M]NNBAIOGY OF THI YEINS.

Garr,eral s1,11[sv17sq[.-'Ihe gangue minerals of the veins, exclusive of in-
clucled fragments of schist, named. in the approximate order of their
abundance are: Quartz, calcite, epidote, chlorite, hematite, sericite, albite,
and possibly other plagioclase felclspars jn small amount, and pink
orthoclase.

The ore minerals named in the approximate order of their abunclance
are: Bornite, chalcocite, native copper, malachite, azurite, cuprite, chal-
copyrite, chrysocolJa, kiaprothite ( ?), p;,rite, argentite, silver, and gold. Of
these minerals, bomite (in part), chalcocite (in part), chalcop.vrite (in
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(A) Photograph of a specirDcn of ore from the \\ra11 nine shorving the relation of
ore and g-angue. lhe lcin \:ns divided at the point fi'om thich this specimen
t'as taken, .rnd the piece hcrc ligurecl represcnts the entire width of one
portion of the r-ein.

Dark areas: ole, chalcticitc ancl bollite. Light nleas: rein matter, largell' qu:rrtz,

*
,"1

(B) Tracing nade ftorn a poiished surface of a specimen of ore from the lYali rnine,
natural sizc. Shorvs the relation of the ore to the quartz gangue, This re-
lationship is tlpical of a1l the mines in the district. The ore anil quartz ap-
pear to bc of contemporaneous deposition.
Blacl<: ore, chalcocite and bornite. \Nhite : gang!.e, largely quartz.
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(A) spccimen of or.e fronr the \\'all ntinc shol'inE the rolation of'l Ir. r,,irr urrs tlir i,l",l x1 f llo lrrrint f r.orrr u hiih thi. speeimen
tLtc picce hcre ligurerl represents ilre entire width of one

'eill 'Dalk arcas:61's. sl21l1.e.ite ttnt.l borljtc. Liglrt itreas: r.ein ruatter, Iargelr- quartz.
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pari), pyrite, klaprothite, argentite, coppcr in the native copper deposits,

u"a goii are regarded as hypogene or primary, while a part each of the

chalcocite, bornite, and chalcopyrite, and ali the native silver, cuprite,

malachite, azurite, and chrysocolla are supergene or seconclary'

n'rom these statements it can be seen that the mineralogy of the veins

of the virgiiina district is simple, there being few rare oI complex minerals.

The gangue minerals and the hypogene ore minerals are so intricately inter-

mixed and intergrown that there is little doubt of all being contemporaneous

in development. Typical relations between ore and gang"ue are shown in

Plate V.

DETAILED DESCRIPTION OT GANGUT MINERAI'S.

Quartz.-The ores as they occur in the ore shoots that have been

opened contain an aYerage of 212 to 3 per cent of copper, and carry an excess

ol fro* ?0 to more than ?b per cent silica. The veins taken as a whole

will carry a much higher percentage of silica. This shows at a glance that

the veins must be made up largerly of quartz.

The quartz of the veins is for the most par-t of the white vitreous

variety, quite massive, and, while completely crystalline, rarely 
-occurs 

in

the form of crystals. As a rule it is very solid, and clense ancl only in very

rare instances does it show honeycomb structure. In a few places, notably

in an abandoned field about 3 miles north of virgiiina, well-terminated

crystals were found in the quartz d6bris on the surface' Only one end of

the crystals showed" perfect terminations, the other being broken or ir-
regular, making it appear as if the crystals hacl formed with their points

projecting into cavities. The forms on the crystals are simple, only com-

Lo' ptir- and" pyramid faces having been noted. Crystals at this point

were ?airly numerous. They were peculiar in one respect, being made up

of zones of clear transparent quarlz alternating with others of white or

milky appearance. At the seaboard mine and to a less extent at the other

mines quartz occasionally occurs as poorlv terminater'l or routltlccl cr:1-stals

which in some instances project into the larger masses of ore' As a rule

the faces of such crystais are not rve1l developed and they closely resemble

rounded pebbles. \\'ell-terminated quartz crystals occur in small openings

or vugs associated with calcite crystals in the Tligh Hill mine. Many frag-

ments of the schists occul as inclusions in the veins, and in a few instances

some of these were partiaily replaced by quartz. In many cases they have

sharp and clear-cut boundaries and shor'y little or no indications of meta-

*o-uti**. The primary ores and all other minerals in the veins ate inti-
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mately ancl intricately intergrown with the quartz, which rnakes up from
50 to over ?5 per cent of the veins.

caLcile.-calcite is next in importance to quattz. [t occurs regularlv
in all the veins that har,e been openecl, but is more abundant in some mines
than in others. The Blue wing vein contains much more o{ this mineral
than any other mine in the ilistrict. rt is massive, crystalline, and irregu-
larly distributed through and intergrown rvith the quartz. This in fact is
typical of the occurrence of calcite in all the veins. very rarery is it founcl
in crystals as in the High HilI mine, where small vugs are lineil with ryell-
terminatecl quattz and calcite crystals. poguea describes trvo types of
calcite cr-l-stals from the rrigh rlill mine, one type consisting of a com-
binatiorr oI ihe posirire rhomhohedrorr r( l0Tl) an,l ilrc rar.e scalerrohc,llon
t):(?295), and the other of a symmetricai combiration of the scalenohedrori
Y(3251) and the negative rhombohedron e(0rr:; r'o,lifie,l hv the positive
rhomboheclrons r(lo1l ) and k(b0bp), ancl the rare scalenohedron
G:(?295).

In the Seaboard and Copper King mines calcite cr:ystals occur r,vith
poorly iLeveloped {aces. They are associated with quartz, epidote, arbite i'
good crystals, and the ores. In ore from the Copper King mine copper
crystals are occasionally found projecting into nasses of bornite ancl
chalcocite. (See p. 15?.)

calcite as it usuallv occurs is massive ancl intimateiy intergrown with
the quartz in such manner as to make it clear that the two minerals are
contemporaneous in development. The ore minerals occasionally occur in
the massive rvhite calcite in the same manner as they are founcl in the
quartz. very little calcite rvas noted in the veins in which the predominant
values lie in gold; however, it is present to some extent in the Red Bank
vein. (See p. 161 for description.)

Epiclote.-Hpidote as it occurs in the veins possesses only its usual and
normal characteristics, and is generally intimately intergrorvn with the
q'uartz and rarely rvith the calcite. where abundant it canies the sulphides
as do the quartz ancl calcite. The color is the usual pistachio gree', and
its texture is generally granular, rarely in well-terminateil crystals. rn
some places, especially in the native copper deposits, epidote and quartz
occur in aiternating bands. rn such instances the epidote is always
granular. ft rarely or never occurs in crystal form.

^ .-"Pogue,_J,_ E.: Crystallographic notes on calcite, Smithsonian Miscellaneous
Collections, Yol. 52,1909, Pt. A, pp. +AZ-+eA.
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(A) Photograph, natural size, of a specimen of ore flom the Copper King mine
slrol-ing associ:rtiou cif ole (chtrlcccite ant'l bolnite) aud caicite-. Some of the
calcite I'hich is imbedded in thc sulphides is in the form of rvell terminateil
crrstals.

.5- *
(B) Photo'ricflgraph. of .a polished sectior of orc fl'onl r3h-re \\-ing mine shorving

plates .f hematite in quartz. Hcmatite occurs in both sulphid'es as rvell as ii
the. rocks and gangue minerals of the district. An area of intergro..'n bornite
arrd chalcocite is shorvn on one sicie of the fiqure. ancl a feu' Jmall areas of
clralcocite occur in the ouartz.
White : hematite. Light gray : cLalcocite. Dar.kel g1.at- : bornite.

Darl<est grav : quartz.
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or c f lorn the Copper King ninr:
lror ritc ) alrd cnlcitc. Some of tho
is in the form of rvell telminatetl

(,\ r Photograph, rtatural sizc, of a spocirllcrt of
slrol'ing associrtiorr oI ote (cltalcocito rttrl
cirlcitc l'hich is inrbctldcd in thc sulplrirlcs
crr st:rls.

5-*
Photomicroglaph of a polisJred scctior of olo ilon Bluc \\-ing rnine shorvirrg

platcs of heuatite in quartz. Herratite occuls in botJr sulphides as rvell as in
the rocks and gangue minerals of the district. An alea of intergrori-n bornite
arrd chalcocite is shor-n on onc sitle of the tigule, ancl a fes'small areas of
clralcocite occul in t}c quartz.
Whitt: : hcnratite. Light glav : chalcocite, Drrkcl grar' : bornite.

Dtrrkest gr:rr' : (lualtz.
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DETAII"ND DESCRIPT]ON OT TTTT YI]INS AND OR]IS.

Chlori,te.-Chlorite is an abundant gangue mineral in all the mines,. but
is more plentiful in some than in others. It possesses only its normal char-

acteristics, is generally dark green in color, ancl is likely to be found in
masses maile up of tufts or bunches which show an aggregate poiarization
effect somewhat similar to that of chalcedony. In some instances the

chlorite might be confusecl lr,ith sericite q'hen the trvo occur in the same

section. They may be distinguished from each other by noting the facts

that chlorite is almost invariably a rather dark green in color, that it does

not shorr the change in relief when rotated on the stage of the microscope

v'hich is characteristic of sericite, and that it always has its characteristic
lorv birefringBnce. Tn a few places, especially in some of the ore from the
Copper T(ing mine, in which the miueral is very abundant chlorite is

intimately associatecl with the sulphides, ancl appears, in some instances,

to have been replaced by them. I{owever, in the specimens of this type that
were studiecl, the eviclence was not conclusjve, ancl it is not certain that
chlorite and sulphides $rere not of contemporaneous cleposition.

IIem,atite.- {icaceous hematite, or specularite, as it is sometimes called,
is present as a gangue mineral in all the mjnes of the clistrict. For the
urost part it is present only in small arnount, but in some places it is more
abunrlarrt than the sulphicles. This is especially true of a small prospect
about hal1l a mile southeast of the Blue \\'ing mine in which hematite makes

up more than 60 per cent of the metallic minerals o{ the vein as shown
rn the material on the clump. In rnany instances the quartz of the gangue
is literally filled vith ninute piates of hematite. A typical area of this
kincl is shorvn iu I'latc \:T (B). In addition to its proniinent piace as a

gangue mincral, hematite is also rvidely cljstributed throughout the country
rock.

Eeri,cite.-Anotirer of the persistent gangue minerals, ancl one which is

Present in appreciablc amount, is sericite. Almost an), section of tlie ores

and gangue from any mine in the cljstrict will show sericite very intimately
associated with the sulphidcs. It occurs both as masses projecting from the
other gangue minelals into the sulphides ancl as irlegular bunches of
crystals included withiri them. So far as the writer's observations have
extended, the relation of the sericite to the sulphides cloes not warrant any
positive statement as to the relative age of the two. He is inclined, nowever,
to regard them as of contemporaneous deposition. The r61e of sericite as

a gangue nrineral ha.* r'ecently beel studieil in nuch cletail bv Rogers,, rvho,

71

" Rog-els, Austin li.: Sericite, a lcxv tcnperatule hydrotherrnal mineral, lrco-
nolnic Geologp', Vol. 11, 1916, pp, Il8-150.
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after an examination of a number of polished and thin sections of the
Virgilina ores, comes to the conclusion that the sericite is later than the
hypogenc chalcocite and the bornite, but earlier than the supe-rgene chal-
cocite. The articie is illustrated i,vith photomicrographs of polishecl sections
of ore specimens from the Durgy and the Blue \Ying mines, which Professor
Rogers interprets as shorving that the sericite is younger than the hypogene
but older than the supergene sulphides. The 'rvriter, after a yery careful
stucly o{ many polished sections as well as many thin sections of the
Yirgilina ores and also a careful study of Professor Rogers' photographs,
believes that the evidence presented by the ore sections is not conclusive,
and that it points more strongly towarcl a conclusjon that the sericite is
contemporaneous rvith the hypogene sulphides.

.llhite.-Llbitc, anil possibiy other plagioclase felclspars, is of frequent
occurrence as a gangue mineral in the Yirgilina ores. It usually occurs as

well-developed crystals which vary in size from one-fourth of an inch to
one inch in longest direction. It is intimately associated with quattz,
chlorite, calcite, and the hypogene sulphides. In the Copper King mine
albite occurs plentifully in well-formed crystals in massive sulphides ivhich
appear to have replacecl chlorite, and the same hand specimen occasionally
shows albite, qttartz, and calcite in close association rrith the sulphides. It
occurs in the Seaboard mine (shaft No. 3), rvith quarlz, calcite, epidote, ancl

the hypogene sulphides. ft is also present in small amount in a1l the other
mines of the district, but was not found in such intimate relations with the
sulphides as in the mines just mentioned. Tn many of the prospect open-
ings made in difierent barren veins in the district, albite is very abundant.
This is especially tlre of an abandoned prospect in an old field about one-
fourth of a mile southwest of the store at Red Banl<. In the material on
the dump at this place a cream-colored feldspar, probably albite, is second

in abundance as a gangue mineral only to qtartz. In the Red Bank gold
mine albite ancl a delicate pink feldspar, probably orthoclase, occur fre-
quently in stringers and veinlets in the ore and in the associated rock.

Ortltoclase.-A delicate pink or flesh-colored feld.qpal, which. so far as

methods of ic'lentification cou1c1 determine, in the absence of chemical
analyses, is orthoclase, which js founcl as a gang'ue mineral in the Hollorvay,
Durgy, and Blue \\'ing mines, and in considerable amount in the trvo Com-
fie1d prospects just south of Yirgilina. In the first-meniioned places the
mineral was not founcl in actual contact with the ores, but in the Cornfielcl
prospects it serves as a host mineral for all the cliffeleni, hvpogene sulphides.
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Photograph of a polished ,surface of ore front the Seaboald mine, rI0. This speci-
men shou.s .r mass of bornite penetratecl in all directions br. a rnesh or net-
rvork of chalcocite ri.hich has formcrl in fractules in the bornite. This type
of chalcocite is c1earl.t of supergene origin and is t1'pical of all such chalcocite
examinerl, the onlr. difference being the stage of developrnent. This one is
farther advanced than anv of the others shol.n in this rcport. The line in
the center of manv of tbe chalcocitc r-cinlets is tyuartz and iiarks the position
of the fracture in $'hich the chalcocite began to develop. Running diago-
nally across the specirnen js a more recent fl'actulc l'hich cuts both bornite
and chalcocite veins. -{ tinv veinlet o{ chalcocite has forrnecl in this fracture.



VIRGINIA GEOLOGICAL SLTRYDI. PLATE YIl

Plrotograph of a polishecl surfacc of olc fronr thc Seaboartl ruine, rl0. This speci-
men sborvs iL mass of hornite penetrated in al1 dilections b1- a rncsh ol net-
$'ork of cllalcocite rvhich lras forittcrl iu flercttr es in the bolnitc. 1'Jris type
of chalcocitc is clcarl"r'of supergene olig'in arrd is t1'pical of all such chalcocite
examincd, the onh' diflerence being the stage of tleveloprnent. 'l-his one is
farther advanced than anv of the otlrers sholn in this report. Tho line in
the center of nanr-of the chalcocitc r-einlets is rprartz and uralks the position
of the fracture in rvhich the chalcocitc began to develop. Running diago-
nally across thc spccimen is a rnore recent flactule l'hich cuts botL bornite
and chalcocite leins. A tinr''r-cinlct of chalcocite lias forrned in tlris fracture.
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It {requently occurs in the form of smal} r'eins or stringers in the country
rock in the vicinity of the veins. It is also fairly abunilant in the Iled Barrk
goltl mine, occurring in a similar manner to that in Ure other mines. The
occurrence of orthoclase as a gangue mineral in the ore deposits is of con-
siderable importance in considering the question of the origin of the ores

ancl thc solutions rvhich deposited them. So {ar as is knorvn orthoclase
cloes not occur as an original mineral in the Yirgiiina greenstone. The
<liscor-cry o{ it in appreciable amounts in the ore deposits, there{ore, is

strong evidence in favor of the belief that the ores and the solutions
depositing them rnele derived from a source or sources entirely outside of
the greenstone, and in all probability flom a granitic rock. lio such rock
except the Redoak and Buffalo granites is knorvn in the district, ard it is
therefore believed that the ore deposits are genetically related to the granite
and that thel, were formed contemporaneously with the intrusion of the
granite masses, or immediately following the intrusion rvhile the magma
was coolinpl ancl giving off its emanations.

DIJTATL]ID D]'SCRIPTION OI' THN ORI' MINI'RALS.

General .statem,ent.-The ore minerals of the Virgilina district, nametl
in the approximate order of their abundance, are: Borlite, chalcocite,
malachite, native copper, aztttite, cuprite, chalcopyrite, chrysocolla, kJap-
rothite, pvrite, argentite, silver, and goicl. It should be stated that this
enumeration of the minerals is applicable to the copper ancl not to the golrl
cleposits. In the golc1 deposits there is vcry little copper ancl the principal
mineral is native gold, v-hich occurs in the more or less silicified schist.

The {ollowing minerals are regardecl as of hypogene or primary deposi-
tion: Rorrrite (in parL). chalcocite (in part). nntire (.opper' (in tlre
deposits of the Catoctin type), chalcopyrite (in part), klaprothite, pyrite,
argentite, and golcl. The following minerals are regarcled as of supergene
or secondary deposition: chalcocite (in part), native copper (in all except
the deposits of the Catoctin type), chalcopyrite (in part). bornite (in
part), malachite, azurite, cuprite, chrysocolla, ancl native silver.

It might be rvell to add a word of erplanation as to the use of the terms
hypogene and supergene in clescribing the ores. These terms are not exact
synonvms of the terms plimary anrl secontlary, r'especiively. Hypogene is
used to designate the mineralization brought about tlirough deep-seated
agencies, solutions ol otherrvise. Supergene is userl to clesignate the altera-
tions ancl mineralization which have been brought about through superficial
agencies, rneteoric l'aters, oxygen, etc. 1t is, therefore. clear that they ale

lo
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not usetl synon;rmously with the words prirlary and secontlary :rs applied
to ihe rleposit iorr ol'ores. A mineral ma.). thercforc, be set.on,lrr'1-in n

mineralogical sense and stiil be of hypogene oligin. In fact, some students
of the Yirgilina ores belier.e that the chalcocite which occurs irr graphic
intergror,vth with the bornite is, in a mineralogical sense, seconclarv to the
bornite, but still of hypogene origin. That is, they believe that this chal-
cocite was formecl later than the bornite, but by ileep-seated agencics. Such
observers believe that the chalcocite rvhich fil1s fractures in the bornite is
also secondarv in a mineralogical sense anil at the same time of supergene
origin. 'fhat is, they believe this chalcocite is younger than the bornite,
that it was formed by descending meteoric rrater, ancl that it l.as probably
<lerivecl from the bornite.

Borni,te.-Bornite (peacock copper, CuuFeSn, 63.33 pel cent copper,
25.55 pel ccnt suiphur, and 11.12 per cent iron) is the most abunclant of
the hypogene rninerals of the clistrict. It occurs in all the ore cleposits and
forms the most important of the so-called primary minerals. It is ah'vays
massive, but often has a recognizable crystalline structure, and is almost
invariably more or less intricately intergrown with chalcocite. On a fresh
{racture the mirLeral has a beautiful bronze color, tarnishing readily ancl

quickl;' to a kind of copper red, lvhich in turn changes after a short time to an
indigo blue. The purest bornite found in the district, that is. the bornite
with the least chalcocite, occurs jn the Seaboarcl mine. In most occurrences
it is so intimately inter:grorvn with chalcocite that it is ail but impossible
to free the two. \Vhen a polished section of bornite is etchecl ancl examined
il'ith the microscope it is seen to be made up of an inter'locking mass o{
medium-sized, anhedral grains of different orientation. lVheu the mjncral
is intergrowrr with chalcocite the intergrorvths, u'hen they involve the
individual grains, ar:e invariably along clefinite crystallographic directions
,of the two minerals.

Tn a recent articleo Allen has shown that the chemical composition of
natural bomite is Cu.FeS* instead of CurFeS, as given in rnost text-boohs
o{ rnirreralogt'. In this paper }re quotes an :rnalysis of bornite frorn the
Yirgilila district by Dr. Chase Palmerr, o{ the U. S. Geological Sulvey :rs
follows:

Itet' cent
62.50
1t.64
25.40

oAllen, E. 11.: The composition of natural bornite, Am. Jour. Sci., 1916. Vol.4I,
pp. 409-413.

r' ,four. \\ra.ghington Acn.d. Sci., 1915, Vol. 5, p. 351.
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'I'his analysis which differs very slig'hily from the theoretical composi-

tion of the mineral shows the exceptionai purity of some of the Virgilina
bornite. The only impurity recognizeal by Dr. Palmer in the specimen
arralyzeil r,yas a minute amount of chalcopyrite.

Like chalcocite and chalcopyrite, the bornite of the Virgilina district is of
two periods of deposition. One portion, by far the largest, is of hypogene
origin and constitutes the most important original or primary ore rnineral
of the district. Another portion, much srnaller than the first, is o[ super-
gene origin and occurs as a replacement mineral in veinlets in chalcopyrite.
Except in the ore frorl the Glasscock shaft of the Pontiac mine antl in
that {rom the Cornfield No. 2 prospect, bornite is very rarely found in
association with chalcopyrite. ft r,yas in specimens of ore from tire Corn-
field No. ? prospect that the supergene replacements of chalcopyriie by
bornite. were found. This subject is treated in consiclerable detail on
page 153, and the rlescriptions need not be repeated in this place. Plate-*
IX and X are photomicrographs of ore showing bornite in its dillerent
relations to chalcopyrite.

Occasionaily, as a result of supergene processes, bornite alters to chal-
copvrite, as is shown in Plate IX (A). The aiteration is discusseCl in cletail
on page 8?'. lfhe usual and most trequent alteration of bornite in the
Yirgilina clistrict is to chalcocite, anci unless the chalcocite which occuls il
graphic intergrowth wiih the bornite represents a hypogene alteration of
the bornite, which the writer thinlrs is not the case, the chalcocitization of
the bornite in this district is always a supe-rgene alteration and is brouglrt
about only by superficial agencies. A tl,pical intergrowth of bornite anc'l

chalcocite is shown in plate XIr (A and B). There is nothing in connection
with such interglowths, so far as the writer. can see, that even suggests r
leplacement of the bornite by chalcocite. Suclr, horvever, is not the case as

regards the chalcocite which occurs in fractures in the bornite as shown in
Plate \rIII (A. and B). This type of ore is characteristic of the uppel
portion of the deposits, and so Jar as the observations of the writer have ex-
tended is not founcl below the depths reached by superficial alterations. It is
cleariy of supergene origin, represents secondary eiirichment, arid is brought
about by ilescending meteoric w.aters. The relation of bornite ancl chal-
cocjte to each othel is discussed in detail in another place, page 83, ancl
need not be repeatecl here.

Chalcoc'i,t,e.-Chalcocite (copper glance or vitreous copper, CurS, ?9.80
per cent copper ald ?0.?0 per cent sulphur) as an ore mineral in the

Iii
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\rii:gilina clistrict is seconrl in importance only to bornite, and the two
together make up probably 90 per cent of a1l the copper-bearing minerals of
the district. fndeed, it is doubtfui that chalcocite is even subordinate to
bornite. In the Holloway mine, so far as could be determined, chalcocite
was by far the more abunclant of the trvo minerals, but, as regards the other
mines, it is probably subordinate to bornite. So far as observations have
exteniled chalcocite occurs in the district only in the massive form. A care-
fu1 lookout for chalcocite crystals was kept during the entire fieicl work, but
none was found. As is irell shown under the microscope, the massive min-
eral as it occurs in this district is made up of imegular, interlocking, small-
to medium-sized anheclral grains of different orientation. So far as could
be deterrnined from the cleavage in the different grains, as brought out by
etching a poJished surface, the mineral is in the orthorhombic form. Some
students of the frirgilina ore deposits take this fact as proof that the
chalcocite was deposited from low temperature solutions. rt has been shor,vn
by Alleno that artificial chalcocite, when clepositecl at a temperature above
91 degrees C., crystallizes in the isometric system, and rvhen at lower
temperature it assumes the orthorhombic form. It is not knorvn that the
same is true of chalcocite depositecl under the conditions of temperature
ancl pressure that prevaii during the deposition of minerals in the deep-
vein zone. lfncler such conrlitions it is not kno.wn that chalcocite could
not be deposited in the orthorhombic form at a much higher temperature
than 91 degrees C., or, even if it were depositecl in the isometric form, it
is not known that it might not, in the course of time, or as a result of
changes in the conditions, revert to the orthorhombic form. Until more
is known about the subject the rvriter feels that it is not safe to base any
far-reaching conclusions as to the origin of natura,l chalcocite or the
temperature at ryhich it r,vas deposited, on so slender a premise as the
relation of ternperature to the crystal form of artificial chalcocitc. T{e
believes that the relation of chalcocite and hornite to each other. as rvell
as the general conditions of the vein, indicate very strqngly that the
graphically intergrorvn bornite and chalcocite rvere depositecl contempo-
raneously ancl that they are, thereforc, ltoth ileep-.<eatcd hypogene minerals.

Chalcocite occurs in tr,vo very distirict rvays in the bornite : as a super-
gene mineral seconc.larl' to antl {lllirg fractures in the bornite, :rncl as a
hypogene mineral inter:grown, in many instances eraphicalJy, with it. The
foimcr typc is shorvn in Plate XIV and in Plate XYI (A and B). The

'_Posnjak, IN., Allen, E. T.. and X{erwin, }L E.: llconomic Geology, Vol. 10, l9lb,
p. 49r.
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latter tvpe is lvell illustratcd in Plates VIII and XII. The supergerre or
secondary chalcocite occurs for the most part in trvo forms, as replaceilent
of thc bornjte along lines oF f raclule, and rs rims of rar'; irrg rvidth reprc-

senting replacement that has taken place around the peliphery of areas

of quartz embeclded in the bornite arrd at the contact betrveen bornite and
larger areas of quartz. These types of replacement are also characteristic
of chalcocite in chalcopyrite. They are illustrated in Plates IX and XI.
In one instance, in ore from the Cornfiekl No. 2 prospect, a specimen was
found which showecl a rim of chalcopyrite betrveen an area of quartz and
bornite rvith a minute rim of chalcocite between the chalcopyrite and the
quartz. This specimen is illustrated in Plate IX (A). These relations
between the different minerals indicate that the bornite was first replacecl
by the chalcopyrite which in turn was replaced by chalcocite. In all the
clearly supergene or seconclary chalcocite examined, regardless of the min-
eral or rninerals with which it rvas associated antl {rom which it had been

clerir,ed, it 'was invariably closely related r,vith fractures in the original
sulphide or to a contact betrveen the original sulphide ancl a gangue
mineral, usually quartz. Such, however, is certainly not the case with the
chalcocite which is intergrown with the bornite. Tt is true that there are
many fractures across the intergrown sulphides, in which chalcocite has
developeil, but they arc clearly later than the intergrowths, and, so far a,."

the rvriter was able to ascertain, hail absolutely nothing to do with their
development.

The color o{ the hypogene chalcocite is by no means uniform, but
presents various tints of bluish-gray. Occasionally a specimen is found
which in polished section shows areas of the mineral of different colors,
each clearly outlined from the others and having its orvn distinct llgure or
pattern. T'his fact has been noted in chalcocite from other )ocaiities, espe-

cially from Butte, l{ont., but the causes underlying its formation ar:e not
knor.n. Chalcocite of trvo colors is shor,vn in Plate XIX (A). In this
instance the aleas of ihe mineral having the c-Leeper color are graphicallv
intergrorvn rvith bornite while the other:s are not.

Chalcopyrite.-Chalcopyrite (yellolv copper, CurS.n'erS' copper 34.50
per cent, anc.[ sulphur, 35.00 per cent) is founcl in sufficient quantity to be

of any importance as an ore in only two mines or prospects in the \rirgilina
clistr:ict, the Pontiac and the Cornfield No. 2 prospects. fn ail other mines
or prospects, so far as coulcl be determineiL, the mineral, if present at all.
occrlrs onlv in r-erv small amount. In fact, except in the two places just
mentioned, chalcopyrite is one of the scarcest minerals in the district. It
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occurs in two ways in both of these prospects, as a hypogene rnineral, con-

temporaneous rvith the bornite with r,vhich it is more or less intricately
intergrown, and as a supergene mineral fii1ing fractures in the bornite and as

ririrs arountl quartz areas embedcled within the bornite. Plate L\ (A and

B) shows the supelgene, rvltile Plate X (A) shows the hypogene chal-

copyrite. In many instances the associations of hypogene chalcopylite ancl

bornite are apparently similar in all respects, as regards physical form ancl

pattern, to those of hypogene bornite and hypogene chalcocite as iilustrated
in Plate XIV (A and B). An interesting relation betr,veen bornite and chal-

copyritc is shown in Plate X (A). In this instance the bornite appears

io be secondary to ancl to have replaced the chalcopyrite, but rvhether it
is of hlpoecnc ol'supergenc origin is not clerr. It apperrs lo have

developcd in a fracture jn the chalcopyrite, ancl extending outrvarcl from
the fracture to have extendecl to varying clistances into the host mincral.
Follorving the change, after consiclerable secondary bornite had cleveloped,

the conditions evidently changed and some of the bornite was altered to
chalcopyrite, which occurs as minute veinlets in the bornite' A still later
change in the conditions is shown by the fact that some of the secondary

bornite as well as some of the secondary chalcopyrite has been altered into
chalcocite. These last two alterations are pretty clearly of supergene origin I

the first alteration in the series, that of the chalcopyrite, is believed to be

of supergene orlgin. Howeter, if, as some students believe, the intergrown
chalcocite represents a hypogene alteration of bornite, it appears to the

writer that the altelation of chalcopyrite into bornite, as it occurs in the

ores from. Cornfielcl No. 2 prospect, may possibly be of hypogene origin.

]iatiae r:o7t7ter.-Natile copper occurs in the Virgilina district in trvo

\vays : as a supelgeile mirieral in the upper zones of the sulphide-bcarilg
r-eins, arrd as a hypogene rninelal closely associaterl with qr-rartz ancl epidote

in the so-called native copper cleposits; that is, in deposits of thc Catoctin

type, such as the Native Shaft in the southern limits of the town of
\rirgilina, and in the Pannebaker ancl other prospects farther south in the

same area.

Native copper of the {ilst typc, so far as obscn ations have extendecl,

or:curs almosi inr-rrriably :rs thirr plates il fractures in the altcr:eil ot'e-*, anrl

is confined to the upper anrl altered. podions of the veins. It rvas fourril in
ihe High Hill, tle Holloway, anil the Durgy mines, and it probably oc-

curred in othet opening's. It is present only in minute qualtitics anrl

consequentl,v is"of no importance commercially.
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(A) Pliotomicrogralh of a polishecl section of or.c from cornfield Prospect No. l.

Shon's suiergene chaliop,vrite occurring as a rirn at the contact of bornite
and quart) a'nd as gasli 

-r,ei'rlets i. th1 bornite. Supergcne chalcocite also
occul's as a verY rrairo\\. rim at tle contacf, of tlie quartz- and chalcopyrite,
indicating that "after the replacernent o{ tle bornite b}' chalcopyrite at the
quartz c6ntact, conclitions changed ald the chalcopl'rite rvas -replaced by
c-halcocite at the contact of the chalcop-vrite. Thc photograph does not dis-
tinguish bettveen the chalcopyrite and the chalcocite.

White lines arrd rim: ciralcop"rrite. Gray: bornite. Larger black alea:
quartz. Black dots - pits.
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-S v...*
Photomicrograph of a polished section of ore from Cornfield Prospect No

Sholrs supergene chalcopS'rite occurr-ing as lims alound irregular aleas
bornite.

Nhite : chalcocite. Grar : bornite. Black : qualtz.

(B) I,
of



VIRGINIA GEOLOGICAI, SL;R\:EY PLATE X
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(A) Photonric'ograph of_ a polished section of ore from cornfieid prospect No. L

Dhows bornite and chalcopyrite in typical association in ore which is be-
lieveci.to,be of iry_pogene 

-origin. 
The pattern formeil b;, the intergrowth

verl' closelv reserrbles the coaioer intergrorrths of bornite and chalcoeile, but
tnere are not so many hook-shapecl forms. occurring as rims at the contact
of,both chalcopJ'rite irnd bornite and quartz, and as"narrow gash'einlets in
both, is a small arnount of supergene 

-chaicocite.

White areas : chalcop-yrite. Dark grav areas: bor.nite. Light gray rims
and veinlets : chalcocite. Black : quartz,
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.5 rnrt
(E) Photomiclograph of a polishetl section of orc fron Cornficld I'rospect No. I.

Shov-s bornitc in rvhat are Lelier-ed to be both supclgene anil hypogene lc-
supergene
could be

rvas found
rs to ha've
from it in
in bornite.

f'Iinute vcins of supergerle chalcopyritc and chalcocite lrre sccn in the large
arca of supergene bornite.

Light gray : chalcop1-rite. Dalk glar- : bolnite. Light gra;'
veinlets : clalcop)rite. Dalkel gral- r'einlets : chalcocite.

Black : quartz.
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'Ihe native copper in the cleposits of the Catoctin type does not occur
in veins, but in silicified and epidotizecl areas of the Virgilina greenstone.

These deposits are always of irregular outline and the metal is clistributed
very irregularly through the quartz and epidote, eviclently preferring the
qaartz, but occasionally in the epitlote. lVeeclo believes that as a general
rule copper deposits of the Catoctin type are formecl by superficial altera-
tion ald that the values are always of shallolv depth. So far as the writer's
observations have extenclerl, the native copper deposits of the Virgilina
clistrilct ar:e clearly of hlpogerLe oligr'rr, aril he believes there are no valid
reasons for assuming that they are limited to shallow depth.

fn these deposits the copper occurs in irregular and distorted crystals,
as in irregular branching or tree-like form u'hich generally shorv imperfect
crystal faces, and as anhedr:al grains rvhich seem to har,e accommodatecl
themselves to the spaces available for their clevelopment. The copper as a
rule is fairly pure, but in some instances it contains an appreciable amount
of silver.

Klaprotlt.ite or Klaprotholita.-Iilaprothite, 3CurS.ZRirS3 (copper
25.30 per cent, bismuth 55.53 per cent, sulphur 19.1? per cent), a copper-

bismuth sulphide, or at least a mineral having the physical properties of
kiaprothite, so far as they could be iletermirred under the microscope, occurs
very sparingly in the Virgilina ores. Thus far it has been found only in
microscopic grains r'vhich could not be isolated for chemical examination.
It was carefully comparecl under the microscope with known klaprothite
from Butte, Ifont., ancl so far as coulcl be determined the two minerals are

identical. T'he mineral was founal only as small grains of fairly regular
outline, embediled in the bornite.

Pyrite.-Pyrite (iron pyrites, "fool's gold," FeSr) is one of the scarcest

minerals in the Virgilina rocks and ores. In fact, it is so rare that one,

unless he exercises the greatest care, will overlook it entirely. It rvas found
most plentifully in the Cornfield No. 2 prospect, ancl in very small amount
in ore from the Durgy and Blue \Ying mines. It occurs as minute crystals
and in veinlets in the greenstone associated with the ores.

The statements just made apply to the copper ancl not to the golil mines
ancl prospects, in which pyrite rvhile by no means an abunalant mineral is

present in appreciable amount.

Argentite.-Argentite (vitreous silver, silver glance, AgrS, silver 8?.10

per cent, sulphur 12.90 per cent) is distributed throughout the bornite and

of copper deposits in the Southern United States,
30, 1900, pp. 498-499.

".Weeil, Walter H.: Types
Trans. Am. Inst. Min. Eng., Vol.
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chalcocite in minute amounts. Indeed it is so rare that the most careful
microscopic examination o{ a great many polished sections of the richest
ores at high magnification will be necessary in order to locate it. It was

found in ore from the Blue trYing and the Durgy mines, respectively, in
which it occurs as minute grains of fairly regular outline. So far as the
writer could determine argentite does not replace the minerals in which it
occurs, and it is believed to be of hypogene origin and contemporaneous

ivith the sulphides in which it occurs. Such eviclence as could be obtained
indicates very strongly that all the silver in the original ores occurs in the
form of argentite. The silver value, while it increases with the copper

value of the ores and concentrates, varies wiilely in different samples from
the same mine, and by no means bears a regular ratio to the copper as it
necessarily should if silver were in chemical combination with either of the
copper-bearing sulphides. In the reports of assays from the Durgy mine,
available to the writer for study, the silver values variecl from a trace to
nearly one-half ouDce per ton for each per cent of. copper in the ore. This
is a wiiler variation than might reasonably be expected if the silver were in
chemical union with the copper-bearing sulphides, anil exactly rvhat woulci

result if the silver were present as a definite silver mineral and irregularly
distributed throughout the copper-bearing sulphides.

Gokl^-Gold occurs in varying quantity in the ores from ail the mines
in the district, the amount varying from a trace to about 0.13 ounce to one

per cent of copper. The golit values, however, are yery irregular, ancl so

far as can ire estimated from such data as r'vere available the average gold
value is probably not much more than one-tenth of this amount.

Of the accessible records those from the Durgy mine showeil the
highest gold values. T.lowever, so far as could be learned, there is very
little cliffer:ence in the gold value of the ore from the tlifferent mines.

So {ar as is known the gold in the copper-bearing sulphicles occurs
only as the native metal. The assay records all show great variation in the
gold value ancl that there is little or no ratio between it and the percentage

of copper, facts which show that the gold is not a regular: constituent of
the copper-bearing minerals.

A careful lookout r'vas kept cluring all the field rvork for specimens of
copper ores carrying gold in visible quantity, but without success. The
search was continuecl ivith the microscope in the laboratory 'r'vith only
doubtful results. The operators in the district state that occasionally a
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(A) Photoriricrograph of a polished section of ore from Cornfield Prospect No. L
Shou's hypogene bornile and chalcop,vrite and supergene chalcocite in quartz.
The chalcopyrite is includecl in the bornite, wlitJ tt e chalcocite foims a
narro$lrim around the ir.r'egular areaq oI the bornite and chalcopyrite.

\\ihitc in the gra-v: chalcop)'rite. Grav: bornite. Light rims: chalcocite.
BJack : quartz.
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.5^rn

as to origin of chalcocite.
\\'hite - chalcocite. Q1211- : bornite. Black. - pits'

Intersecting lines : scratches from polishing'
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specimen is found in which the gold can readily be seen. Praf,ta in his
professional report on the Durgy mine confirms these statements. He says:

"Lr cleanirrg up the Chilian mill, after crushing a consiilerable amount
of ore, there are often founcl smali nuggets of free golcl, some of which have
weighed from B to 10 dwt."

XIala,ch,ite.-Malachite (the green carbonate of copper, CuCOu. Cu(OH) r,
cupric oxide ?1.90 per cent, carbon dioxide 19.90 per cent, rvater 8.20 per
cent), the basic, green calbonate of copper, occurs prominently as a coating
ancl stain in the oxiclized portions of all the copper cleposits in thc district.
In most instances it consists of only thin films ancl stains in the quartz,
and other vein matter, and in the greenstone lyirig next to tiie copper
minerals, and of itself is of little or no conrmercial value. ln a ferv cases,

as at the Glasscock shaft of the Pontiac mine ancl in the upper part of the
Holloway mine, it occurred in larger amount, in radiating tufts and masses,

and was probably valuable as an ore. It is clearly of superg'ene origin and
is formed by the oxidation of the copper-bearing minerals and native copper.
Malachitc forms the principal criterion for guicling the pro.spector in his
search {or copper cleposits in the district.

,lzurit,e.-Azurite (the blue caibonate of copper, ZCuCOr.Cu(OI{)r,
cupric oxide 62.20 per cent, carbon rlioxide 25.60 per cent, rv:rter 5.20 per
cent), the basic, blue carb<inate of copper, is found r'vith malachite in the
oxidizecl ores from all rnines ancl prospects in the district, but in much
smaller amount than the green calbona,te. Tn a fer,y places, especiallv in
the Glasscock shaft of the Pontiac m jne and in a ferv places in the Holloway
mine, it \\-as more abuldant. In the Glasscock ore it occasionally is founcl
in rvell-fonneil monoclinic crystals. In this mine azurite rvas found in
sufiicient quantity io have some value as an ore. It must be stated, how-
ever, that in this clistrict the copper carbonates are present in such small
amount that they are of iittle or no importancc commercially.

Cu,pt'ite.-Cuprite (recl oxicle of copper, CurO, copper 88.80 pel cent,

oxygen 12.?0 per cent), while present only in small amount, occurs in
the oxidized portions of przrctically all the mines and prospects in the
rlistrict. Tt is rnore abunclant iri the so-callecl "native tleposits," that is.

deposits of the Catoctin type, than in the lcin cleposits. In these cleposits

it usualll is founcl as a recl stain in the associatecl rock or coatirrg ancl

replacing the particles of nativc copper. Tt is usually massive, but occa-

"Pratt. Josepli IIy<1e: .\ Report on the Propertv of the Person Consolidated
('oppel antl Gold fiines Cornpanv. 1904, p, 6.
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sionally is fountl shor,ving more or less well-developed crl,stal faces, ancl

very rare)y in the form of 1ong, acicula,r, hair-like filarnents, the so-cailed

"pl.ush copper ore," or chalcotrichite. In this last-mentionecl form the
mineral rvas found only in the Copper King mine in which, in very rare
instances, it occurs in small vugs in the partially oxidized or:e. Ilxcept irr

the "native deposits" cuprite is negligible as a.n ore of copper.

l[aktconi,[a.-Some of the black, earthy rnateljal ciosely a,ssociated with
the paltially alterecl material on the o1r1 clump at the Gillis r.rine closcly
resembles mela.conite, the impure cupric oxicle. Yery litt1e of the rnaterial
rvas available, and the writer was not able to positivelv iclentify it. Hor,v-

ever, it is lielieved to be melaconite. It is clear:ly a,rr alteration product
from the usual copper ores ancl in this djstrict is of no importance as an ole.

Chrysocolla.--The Gillis rnine has also the clistinciion of havine fur
riished the only chrysocolla, the hydrous silicate of copper, found in the
district. The material was founcl in a small pile of ore which had lain upon
the dump for years. The color varied from greenish-blue to clarlr brorvn ancl

the mineral was evidently yery impure. Physical and chemical tests, horv-
evet, nracle the identification reasonably certain. The rnineral is present in
only snall amount ancl is of no importance as an ore.

"{cLtiue 
sil'r.rar.-liative silver has been reporteri as occrlruing in rninute

amount in the upper portion of the sulphitles in nearly ali of the important
mines of the district. ll'he rvriter rvas able to fincl the minetal only in a

singJe piece of ore from the dump of the }Iigh Hill rnine. In this specimen
the silr,er occurred as a thin film in a minute fracture in the ore. and was

clearly of supergene origin.

RIILATIOT\ OF TTIli COl'PltR-B1t-lRlNG SULPHTIIIiS 't'O Ii,l(-lII O'UfrER.

General statement.-The relations of the sulphides to each other have

been cliscussed with some thoroughness in the pages devoted to the cletailed

description of the ores, pp. 63-82, but it has been thought best to repeat
and to some extent enlarge, in this place, the descriptions of tlre inter-
relations of the ore minerals which have a bearing upon their origirr.
deposition, and the seconclar;' alterations which thert have suffered. Of
greatest i.mportance in these respects are the graphic intergrowths between

bornite and chalcocite in the primary ores.. or, in other words, the ores

believed to be of hypogene origin. These relationships are so character-
istically different from those of the .qecondary, or supergene sulphicles,
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(A) Photorniclograph of a polished section of ore fron Oornlield Prospect No. 2.

shorvs very clearly the t,vpical pattern of supergenc chalcocit-e in bornite.
Note the iiregularity of outline anrl thc ragged edges of the chalcocite. It is
a far cry from this iort of pattern to the regularit;- of pattern and even line
boun6aries betrvccn t6e trvo s*lpliidcs in the graphic intergrowths such as
are shown in plates X\rI and xvIII. It does not seem possible.that similar
agencies actin! uniler similar conditions and upon cractll. similar minerals
could produce rcsults so marked.il' tlilferent.

Light gray : chalcocite. Dark gray : bolnitc. I3lack - pits'
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Phoromicrograt litt tii-:,,1-9t:tsscock
shaft). Shol's typicai"'-ilt€;;; "ttot"o"it" 

in bolnite' Silrilnr in all

respects to the scction shol'n iu (Ai
White : chalcocite. Q1211' : bornite' Black - pits'

(Br
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that when the two are contrasted it is very cLifficult to unclerstand how the

two types or textures coulcl have been formed by similar plocesses. These

features will be discussed ancl illustrated, and some surmises as to the origin

of the tlifferent textures rn i1l be mac1e, ancl their bearing upon the broacler

subject, the origin and cleposition of the ores, will be considerecl'

Ilelations of bot,nita an,cl cltalcor:,i,te.-In the or:es of the virgilina, distrjct

bornite and chalcocite occur in trvo iery distinct relations to each other. In
the first type the chalcocjte occurs in the bornite in rvell-definecl graphic

intergrowths which so far as form is concernecl are similar to the eutectic

intergrorvths in allols, alrl there appeals to be no conclusive evidence that

the trro sulphicles ale not of contempotaneous ileposition. Tn the second

type the chalcocite occulrs in fractlres, in irrcgular areas, anrl as '-ims
arountl areas of bornite. The relations of the two sulphides in this case

make it perfectly cleal that the chalcocite is of supergcne origin anrl that

it has replacerl the bornite.

The intergrorvths betrveell bornite anil chalcocite occur in tivo forms,

one jn rvhich the trvo minerals sho\ir a mole 01' less irreg'ular clistribution'

ancl one typically graphic.

The il.Iegular intergrowth, as it is seen under the reflecting microscope,

consists of myriads of the most irregular, allgulaI, ancl hook-shapecl a,reas of

chalcocite embedcleci rrithin the bornite. The appearance can best be

imagined by thinking of a section through a honeyssmbed, cellular, or

spong'e-like mass of chalcocite so completely merged into a similar mass of

bornite as to leave absolutely no spaces between the two components. So

far as could be cleterminecl from caleful microscopic stud,v of more than

100 polished sections of such intergrorvths, the chalcocite is in no rvay

related to fractures in the bolnite nol to any known p-rocess of supelgene

alteration. Many specimens examined contained fractures in which super-

gene chalcocite had forured, but these, so far as the writer could determine,

cut across both minerals of the intergrorvths alil<e rvithout shorvirg any

inclication that the intergror,vn chalcocite was genetically relatecl io the

fractures in anv way. Many specimens of such intergrowths rvere to a

greater or less extent polous, so that when polished sections were made the

surfaces presenteil minute pits ancl openings. 'Ihese, while apparently more

numerous in the bornite, were by no means confineal to it, and none of

them were founcl which shorvecl any alteration of the bornite arounal the

openings, except rvhere a fracture had broken through the opening' This

type of intergrowth is founrl in great abunclance in the ores {rom all the
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mines. Tn fact it is characteristic of the Virgilina ores, anc1, so far as

observations have extentled, it is not in an)- way relatecl to the depth frorn
which the ores are taken. Fine examples were found in ores from the
deepest lvorkings of the High I{i11, the Seaboarcl, the Blue \Ying, and the
Durgy mines.

In many instances a single area under the microscope shows a fieid in
which the irregular antl the graphic intergrowths both occur, Plate X\rII
(A). Tn fact, it appears that the graphic is only a special case of the
irregular intergrov'th in which the forrn of the intergrowth was controlled
by the crystallographic phenomena of the two minerals. Photomicrographs
of typical irregular intergrowths are shown in Plate XIY (A and B).

In the polished section the typically graphic intergrowths occur in three
fair:ly lvell-clefined types, one jn rvhich the two minerals occur in more or
less regular, alternating lamell.r, one rvhich presents a reticulated pattern,
and a third which is more or less irregular. It is not intended to state that
these three types of graphic intergrowth are separate and distinct from
each other, for there is every gradation fron one into the other. Irr. fact
almost any graphic intergrowth will present an example or examples of all
three types.

In the graphic lamellar intergrowth the bornite and chalcocite occur in
minute alternating lamellre, wiih still more minute lines of one mineral,
usually chalcocite, breaking across a band of the other and joining another
of its owrr kind. The pattern of this type of intergrowth when seen in
polished section is an almost exact duplicate of the pearlite eutectoid in
steel. Pearlite consists of a mechanical mixture of fenite (free alpha
iron) ancl cementite (an iron carbide, FerC). Pearlite results from the
contemporaneous solidification of ferrite anil cementite as the alloy cools.
Thus the lamellar graphic intergrowths still more closely resemble the
eutectic or eutectoid structures of alloys. So far as observations have ex-
tended the lamellar intergrowths of these ores bear no relationship to
fractures in the bornite and probablv not to any knor,vn supergene processes.
Such intergrorvths are illustratecl in Plate X\rIII (A and B), and in Plate
XVI (B). When these lamellar intergrowths are etcheil so as to reveal the
intelnal structure of the component minerals, it is clearly seen that the
intergrowths have developed along crystallographjc directions in the min-
erals, and that, regariLless of the method of their development, they are
really crystallographic intergrowths.

The inegular graphic intergrowths difier from. those of the iamellar
pattern only in that the anastamosing filaments or branches of the com-
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porrent minerals, instead of lying in roughly paraiiei lamellt, bear a nrost

intricate relation to each other. In most instances they appear to make up

larger areas of the ore and the filaments are slightly larger than those of

the iamellar intergrowths. They also are of more frequent occullence.

This type of intergrowth a1so, so far as physical form is concernecl, very

strikingly resembles certain copper-silver alloys, ancl many copper-rich

mattes. The resemblance is so close that if unmalked photomicrographs

of the three-the ore, the alloy, and the matte-are placed side by side, it
is exceedingly difficult if not impossible to distinguish one type o-[ structure

from the other. such graphic intergrowths are shown by etching to have

formed along definite crystallographic d.irections, such as cleavage or parting

planes in the minerals involved. They are therefore crystallographic as

well as graphic. Photomicrographs of typical examples of this type of

intergrowth are shorvn in Plates XYI and X\{I.
The reticulated graphic intergrowths are similar to the irregular type

except that in most instances the filaments of the intergrowth are joined so

as to form triangles and irregular-shapecl closed areas. Etching rer-eals the

fact that those intergrowths in most cases have taken place along crystallo-

graphic directions, and that in their formation crystallographic phenomena

determined the form of the intergrowth. In the material available for
study, reticulated intergrowths were very rare. Llnsatisfactory photo-

micrographs o{ this type of graphic intergrowth are shown in Plate xX.
As has been saicl, these intergrowths are in reality all special cases of

the irregular intergrowths of bornite and chalcocite which have already

been described. So far as the writer's observations have extended these

intergrowths do not bear any genetic relation whatsoever to fractures or

channels of circulation in the bornite, anal so far as coulcl be deter"rnined

they are in no .r,vay connected with any known supergene processes. The

pattern formed by the two minerals as seen in polished section bears a

striking resemblance to the pattern formed in alloys of two components,

one of which is present in excess. In some areas of such an al1oy one

component will be found in excess, in another area the other component

will be in excess, while in still another the two w-ill be present in graphic

intergrowth in the form of a eutectic. of course it is not intendecl to even

suggest that these ores were deposited from so simple a system as one of

only two components. It is altogether probable that a great many com-

ponents entered into the system from which they were precipitated.

In the second great type of the relation of chalcocite to bornite in the

virgilina district the chalcocite occurs as veinlets of varying size in
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fractures in the bornite, as rims arouncl small areas of bornite, and as ir-
regular areas surrounding openings in the bornite. This type of chalcocite
inva.riably shows unmistakable signs of supergene origin anil forms as a
replacement of bolnite. Verv little beyond the photomicrographs of the
different phases is necessary in the way of clescription of such ores. They
show the relation of the two minerals to each other better than can be ex-
plained in written descriptions.

The veinlets of supergene chalcocite in bornite vary in width from
sub-capillary cracks, scarcely visible even with the highest powers of the
microscope, up to well-defined'veins 10 or more centimeters jn lr'idth. Cler-
tain specimens from the Cornfield Prospect No. 1 showecl fractures in the
bornite so small that they were not clearly visible at a magnification of over
2,100 diameters, which were rimmecl rvith films of chalcocite, thus showing
that such minute fractures could serve as channels for circulating super.-
gene solutions. The alteration proceeds outwaril from the fractures untii
the whole mass of bornite has been chanced into chalcocite. It was inter-
esting to note that in every specimen examined the contact between the
bornite ancl chalcocite is invariably perfectly sharp and clear-cut. It was
notecl, however, that in some instances the bornite nearest to the contracr
with the chalcocite tarnished more quickly anal apparenUy more easily than
that farther away from the contact. The rapidity of the alteration depends
among other factors upon the amount of fracturing which the bornite has
suffered. Tn many of the larger veinlets of such chalcocite there are
dendritic t'skeletons," as it were. of limonite rvhich rvas orobably derived
from the iron in the bornite cluring the process o{ alteration. Plate VIIT
and Plate XII (A ancl B) are photographs shorving r,eins o{ such super-
gene clralcocite in various stages o{ der,elopment. Plate XX (A and R)
exhibits photographs shorving typical rlenclritic "skeletons" of limonitc in
supergene chalcocite veins in bornite.

The rims of supergene chalcocite which form at the contact betr,r'een

bornite anil the gangue minera]s develop in a manner similar in all respects
to that in the veinlets described in the last paragraph, anrl consequently
do not call for further clescription in this place. Plate XI (A) is a photo-
micrograph showing such rims of chalcocite at the contact between bornite
and quartz.

The irregular areas of supergene chalcocite surrounding openings in
bornite are shorvn in Plate XI (B). The;' are formed in the same way
that the other supergene secondary chalcocite is formed and do not require
further description.
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-s"- *
(A) Photomicrograph of a polished section of ore from the lligh Hiil mine. Shows

graphic anld risual infergro'lvths of bornite and chalcocite. These intergrowths
are not in any lr'a-v conuected rvitli fractures in the bornite (at least none are
visible at a magnilication of 2,500 diameters), antl the rvriter believes the two
sulphides are of contemporaneous deposition.

Light: chalcocite. Dark: bornite. Black - pits.
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lr.r'iter believes thet reprcscnt contcrnporancous deposition of tlie tri'o srrl-
phides.

Light - chalcocite. Darl: : bornitc.
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.S**
(A) Photomicrograph of a polished section of ore from the \\'a11 mine. Shori's a

t;'pical example of graphic into.grori-th of bornite and chalcocite. This
structure is so diflerent froirr that of supcrgenc chalcocite in bornite and so
closelv -resembles thc stmctures l.hich are characteristic of alloys, mattes, and
slags, that the rl.riter, rvhile admitting th:-'r,t it ma\.possibl)'forrn as a secondalv
process, still believes that it is formecl in a ver.v diffcrcnt manner from the
structures shorur in plates \rI1. :rnd \rIlI. IIe believes that such strucl,ures
forn as a result of lirpog.rre t)tule often tharr fr.orn supergenc processes and
that in such cases :rs this the evidence is far riiole sironslv in favor ot a
hypogene process antl of contemporaneous tleposition of the t'qio sulphitles.

White : chalcocite. Grav : bornite, Blacl< : nits.
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In studying the photomicrographs of the supergene secondary chalcocite
ancl comparing them with those of the hypogene intergrowths of the two
minerals especial attention should be given to the forrn or pattern of the
two minerals in each type of ore. A glance is sufficient to demonstrate
that they are decidedly clifferent. Inileed they are so difierent that the
vriter can not understand how they could all have formed as a result of
similar processes. It is lrnown that the second type of chalcocite \yas formeal
as the result of supergene processes and that it is secondary to and replaces
the bornite, and it is not understood how the same processes could possibly
produce types of structure so materially ilifferent from the graphic inter-
grorvths, rvhich are consequently believed to be of hypogene origin, ancl
contemporaneous with the bornite.

Eel,ations of bornite anrl chr,tlcopyrite.-Borntte occurs in two distinct
relations to chalcopyrite, as a hypogene mineral intergrown with it, ancl as

a supergene mineral replacing chalcopyrite. Chalcopyrite jn turn bears
exactly similar relations to bornite. It occurs as a hypogene mineral con-
temporaneous with bornite and intergror,r.n with it, antl as a supergene
mineral secondary to ancl replacing bornite. Chalcopyr.ite is 1ty no means
an abundant mineral in the Yirgilina district. In fact, it is very rarely
found in any of the larger anil extensively cler,eloped mines. Incieed it is
-qo rare il all the der,elopetl mines in the district that from these alone
nothing could have been learned as to its relation to the other sulphides.
Fortunately, however, it was found in greater abundance in tlro partially
iler.elopeil mines. the Glasscock shaft o{ ihe Pontiac rnine, ancl the Cornfielcl
No. 2 prospect. From these material l'as obtaineil n'hich showed the rela-
tions rlescribecl antl illustrated in this chapter. The best specimens were
obtainccl from the Cornfieldo Prospect No. 2. Those from the Glasscock
shaft, however, are similar in most respects, and furnish supplementary
evidence as to the relation of chalcopvrite to the other sulphides.

The intergrowths of chalcopyrite and bornite are in the main similar
to the irregular intergrorrths of bornite ancl chalcocite which were described
on p. 8i3. The relations arc rrot so intricate and ro graphic intergrowths
of the tr'vo sulphides rver:e found. In the irtergrowths examined there was

dr

^,_"This prosp_ect rvas filled rvith water whilc the writer rvas engaged upon the
fleld rvork for this report, and therefore not accessible. rn the sumr-nei of tgts the
orvner of the properQ', Miss x'lorence Pannebaker, hacl the shaft unwatered ancl
instituteft furtlrer development work. Noting the abundance of chalcopyrite, Miss
Pannebaker collected ancl sent to the rvriter the specimcns which are herein described.'['he s.riter rvishes to acknowledge his obligationi to nI;ss pannebaker for supplying
him rvith these important specimens ancl data concerninE them.
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founcl absolutely no conclusive evidence, ancl, inileed, no indications, for
that matter. that the chalcopyrite and bornite are not of contemporaneous
deposition. It is therefore believed that such is the case ancl that both
sulphides in such instances are of hypogene origin. The photomicrograph,
Plate X (A), shor'vs the relationship of the two minerals so well that no
further description is necessary.

The supergene bornite, secondary to and replacing chalcopyrite, occurs
as veinlets in chalcopyrite probably in the same manner as supergene

chalcocite develops in bornite. The photomicrograph, Plate X (B),
shows the typical form of occurrence of supergene bornite. It appears to
the writer that the evidence that the bornite is of supergene origin anil
that it has replaced the chalcopyrite along the fractures is perfecily clear.

It was interesting to note that in some areas of the specimen, which
showed to best aclvantage supergene bornite in hypogene chalcopyrite,
there was an appreciable amount of supergene chalcopyrite occurring as

a replacement of both hypogene and supergene bornite. This supergene
and secondarv chalcopyrite is by no means abundant, but is founcl occa-

sionally in ore from both the Cornfield Prospect No. 2 and the Glasscock
shaft. It, so far as observations have extendecl, occurs only in two forrns,
as veinlets in minute fractures in the bornite, ancl as rims surrountling
particles of bornite at their contact with the clifferent gangue minerals.
Plate X (B) shows supergene chalcopyrite occurring as minute veinlets
replacing supergene bornite which in turn occurs in the same manner as a

replacement of hypogene chalcopyrite. Plate IX (A) is a photomicro-
graph showing replacement ri4r of supergene chalcopyrite at the contact
of hypogene bornite ancl a sma1l area of qaartz. It is not brought out in
the photograph, but the specimen shows that a narrow replacement rim of
chalcocite has formetl at the contact of the rim of chalcopyrite. .

These "flarebacks" or reversals in the normal processes of replacement
are not uncommon and are found in many of the rvell-kno\{n copper
deposits of the world. They are of common occurrence in the Butte ores.

The alteration has also been produced in the laboratory. The niethod of
producing it 'r'vas tliscoverecl by Prof. S. W. Young, of Stanford llniver-
sity, and consists in immersing fragments of chalcocite or bornite in a

fairly dilute solution of ferrous sulphate and slowly passing hydrogen
sulphide through the solution. The reaction takes place rather quickiy
and in a short time the fragments rvill be coatecl with a film of chal-
copyrite. The reactions take place at room temperature anil under normal
atmospheric pressure. These conditions are likely to occur occasiorrally in
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upper portions of ore deposits, and the discovery of Professor Young ap-

pears to ofier a satisfactory explanation of the phenomenon'

chalcocite occurs as rims and veinlets in chalcopyrite just as in bornite,

but, so far as observations have extencled, never in intergrowths with it'
chalcopyrite has not been founcl in the virgilina ores as a replacement

mineral in chalcocite.

ORIG]N AND D]'POSITION OT' T]IE ORES'

(leneral statement.-The facts in regarcl to the veins, the gangue min-

erals, the ore minerals, the relations of the minerals to each other, and the

relations of veins and ores to the rocks in which they occur afforcl premises

upon which to base certain theories in regard to the origin of the veins

and the origin and cleposition of the ores. In the cliscussions and descrip-

tions on the previous pages the writer has endeavored to confine himself
primarily to statements of fact and to recording such observations in
regard to the geology ancl ore deposits of the Yirgilina district, clrarving

such conclusions and offering such explanations as appeareiL to be obvious

and to be warrantecl by the observations. In this place he will attempt to
offer such theoretical conclusions and submit such explanations in regald

to the origin of the veins, anit the origin and deposition of the ores as, in
his judgment, the foregoing descriptions wanant. He is fully aware of
the size of the questions as lvell as their complexity and offers his theories

and explanations only as a possible solution, Ieaving to future stuilents

the final solution of the problems.

Ori,gtn of the aeins.-The origin of the veins has been discussecl in a

general way in the first part of this chapter, in advance of the detailed

discussign of their mineralogy. Since the minerals of the veins and their
relation to each other have such an important bearing upon the, subject,

in fact, are the very premises upon which theories ancl conclusions in
regarcl to the origin of the veins must be basecl, it was decicled to postpone

the detailed iliscussion of, and the proposal of theories relative to, the

subject until those items hacl been considerecl in cletail.

It has been shown in the chapter on the description of the rocks that
the rock in which all the mineralized veins occur is basic in character,

having the mineralogical and chemical composition of andesite' It has

also been shown in the descriptions of the individual veins and in the

discussion of their mineralogy in this chapter, p. 68 et seq., thr.t their pre-

dominant mineral is quartz, anrl that one of their minor, but persistent,

89
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minerals is orthoclase. Both of these minerals are foleign to ol occur very
sparingly in rocks so basic as the andesitic material forming the virgilina
greenstone. rt has also been shown that the veins are much younger than
the Virgilina greenstone in which they occur and that they r,vere not
formed until the tuffs and flows which mal<c up the greenstone hacl been
consolidated, fo1c1ed, mashecl, anil netamorphosed into schists. These facts
all indicate that a very long period of time elapsed between the building
up of the andesitic tuffs and flows, ancl the formation of the veins.
Furtherrnore it has been shoivn that, so {al as it was possible to ileternrine,
the.normal Virgilina greenstone does not contain even a trace of copper.
It has also been clemonstratecl that the veins were developed in fractures,
possibly fault pianes which intelsect the schistosity of the greenstone at
acute angles, ancl lvhich, therefore, were not formed until after the rock
had become a schist. All these facts indjcate clearly that a source for the
vein matter, both gangue and ore rninerals, must be sought entirely outside
of ihe rock in which they occur, the Virgilina greenstone. Such source
must be a rock 01' magma r,vhich could normally supply the highly siliceous
galrgue miner:als, quartz aniL orthoclase, as rvell as the ore minerals, and
at the same time provide for the formation of the other gangue minerals,
such as epiclote. chlorite, calcite, aricl plagioclase felclspars. The only rock
in the clistrict, ol in the region for that matter, rvhich fulfills all these
corrditions is the granite. It is there{ore believecl that the veins were
derived frorn the granitic magma ancl that they u.cre fon'ned as a con-
comitant phenomenon, probably contemporaleous r,yith its intrusion or.

followirig immecliately thereafter when the cooling magma woulcl bc giving
off its emanations. It is also believed that the sulphides, the orthocla.qe,
the greater part of the quartz, and possibly the plagioclase feldspars, lvere
derived directly from the granitic sotlrce, arrd that the other mincrals ri,ere
derived. largely from the country rock through alteration of its normal
minerals. The causes for deposition are believed to have been such {actors
as ilecrease in temperature and prcssure of the rising solutions, their corn-
mingling with other solutions, and the influence of the wall rock of the
fissures through which they were moving

It is also believecl that the vein-forming solutions did not find open
cavitjes in rvhich to deposit the vein matter. It is lot understood how
such cavities could possibly rernain open unrler the conditiols rvhich seenr

to have prevailecl cluling the forrnation of the r,eirrs. It is believerl, horv-
ever, that the solutions rising through the fractures rvicleneil them into the
preselt veins throug'h the forces of crystallization of the growing minerals
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PI,ATE XYIII.
\.IRGINIA GDOLOGICAL SLiR\IEY'

( u ) 
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l:t*t*:ixm",'"'n"'ff *:,,1:i*;T:,::,1'i;:f#,trufu n"*'r,l*;it is nade clear b;v etching the polished sur
crystallographic direction-s-cleivage or parting planes in the chalcocite'

ancl that it is therefore a, crystallogra,phic intergiorith. It_ is also interesting

to note tt " 
uttr"*iiijil";t"" ii;;.-oi'chatcocite"crossing through the bornite

otta ioi"i"g ailjacent lamelloe of chalcocite'
\\ihite : chalcocite' Dark : bornite'
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\Ihite : chtrlcocite. Dark : bornite'
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of the vein, ancl through replacenient of the wa,1l rock by vein matter. It
is also probable that the openirrgs may have beerr increased by earth move-
ments, faulting, etc., along the fractures in which the veirrs rvere forming.

Deposition ot' the ore rninerals.-rlhe r.elation of the dillereut sulphides
to each other has been discussed in detail in arother place in this chapter
anil neecl not be repeated here further than to state that the ore minerais,
bornite, chalcocite, and chalcopyrite are of two periods of deposition. Dur-
ing the first of these periods the original ore mjnerals were deposited {rom
deep-seatecl, probably hot, solutions derivetl from a magmatic source be-
lieved to har,e been the grpnite. illhe ore minerals thus depositecl are the
so-called hypogene minerals, and consist of bornite, chalcocite, chalcopr-rite,
:rrd minor amounts of other sulpiiides, such as pvrite, klaprothite, argentite,
etc. so far as the writer has been able to determine there was only orre
period of hypogene mineralization, but jt was probably of considerable
length, and it is not known that corrclitions remainecl unchanged or that
the active solutions were the same thr:oughout the periotl. One thing,
however, is certain: The minerals believed by the lyriter to be of hypogene
origin as they are found to-day invariably bea,r exactly similar relations
to each other, entirely regardless of the mine or portion of the district fronr
ri,n:h they are taken. rt must be rernemberecl that the three irirportant
hypogene minerals, bornite, chalcocite, ancl r:halcopyrite, and possibly
some of the minor sulphides, also occur as replacement mirrerals of super'-
gene origin. These, hovever, alr,vays have their own peculiar character.-
istics rvhich are very different from those of the same rninerals which are
believecl to be of hypogene origin. rt is therefore clear that in attempting
to decide to which type of mineralization any particula' specimen of ore
belongs, the question niust be decidecl upon the relations of the component
minerals of the ore to each other instead of upon the presence or absence
of certain minelals, tal<ing into consiclelation, o{i course, the location in the
vein frorn rvhich thc specimen was taken. 'rhe features r,vhich the u'riter
believes to be clearly indicative of hypogene origin of the r-iifferent sulphides
are the various tvpes of complex and g^r'aphic intergrowth betrveen the
component minerals, arrd the relation of sulp.hides to gangue minerals.
'Ihese have been describetl in detail orr pp. 8?-81,.

During the seconcl period of deposition, also an extended period be-
ginning when the ores first carne u'cler thc irrfluence oJ the aEencies of
weathering ancl continuing until the present, 1,he same major sulphides,
chalcocite, bornite, and chalcopyrite, were deposited as were formed during
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the first period of deposition. It is not known rvhether or not either of
the minor sulphides, pyrite, klaprothite, or argentite, las fotmecl durirg
this period. The conditions under which these second periocl or supergene

minerals were formed are entirely different from those of the first, ol
hypogene periocl. The supergene minerals were deposited bv clownward-

moving meteoric waters, and are consequently limited to the upper portion
of the veins, not extencling below the depths reachecl by such waters. The
minerals thus formed bear definite relations to fractures ancl other open-

ings which permit the circulation of the downward-moving rvater, and,
consequently, their relations to each other and to the minerals in which
they occur are yery different from those of the"hypogene minerals. Ther
always represent a{terations in the hypogene sulphides in which they occur
and usually are found in fractures and surrounding openings in the host
mineral. The subject, hower,er, has been discussed in detail on p. i':3 et saq.,

and neecl not be repeateil here.

'Ihe most interesting and at the same time the most puzzling {eature
of the Virgilina ores are the graphic intergrorvths describetl on pp" 82-89.

Their interpretation is not only of great interest ancl value to the science

o{ ore deposits, but is also of much value in forming estimates as to the
continuation of the ore deposits with depth, and therefore of great value
in forming estimates as to the future of the district as a whole. It, th61'e-

fore, seems best to summarize the principal theories that have been offerecl

as explanations of them.
The firsr theory thus presenled rvas given by the writera in his paper

on the ores and minerals of the clistrict in 1911, ancl it is the one to which
he still holcls a{ter having made an exhaustive microscopic studv of the
subject. It.is, that the intergrown bornite and chalcocite are both hypo-
gene or primary minerals and that they are of contemporaneous deposition.

The writer believes that such crystallographic intergro'wths are formecl

only when the component minerals are of contemporaneous cleposition, and

that they are similar to the same type of intergrowths in pegmatite, other
sulphide intergrowths, such as sphalerite anil pyrite, galena, argentite, and

bismuthinite, galena and stibnite, and many others, and to the eutectic
and eutectoid intergrowths of sulphides in mattes ancl of metals in alloys,
all of rvhich produce the same type of pattern. So far as the writer's
experience has extended such intergrowths have neyer been found to have

forrned as the result of supergene agencies and processes.

o Lanev, Francis Baker: The reiation of bornite and chalcocite in the copper
ores of the Virgilina district of North Carolina and Virginia, Proc. U. S. Nat'l
Museum, Vol.40, 1911, pp. 413-424; ibidem, Economic Geology, Vol.6, l9lt, pp.
399-4t t.
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(A) Photomicrograph of a polished section of ore frorn Cornfie1d prospect No. 2.
Shor,vs chalcocite of trvo distinct shades of color, one a delicate bluish gray-,
and the other normal. 'f'he bluish gray chalcocite is in graphic intergrowih
s'ith bornite which shorvs in the photographs as irregular areas, as minute
r'lots, and in elongated rod-Iike forrirs. The tn'o chalcocites are not clearly
rlifierentiated from each other in the photograph, but are easily distinguish-
able by the eye. The evidence as to the origin of such structur'es is not con-
clusive, but the writer believes the rninerals rvere dcposited contemporaneously.

Light gra,v : clralcocite. Dark grav : bornite.
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(B)

.l 
^-^

Photomierogt aph of rrrotlret. f ol,t ioll
a different pattern oI tlrc reiicrrlaterJ
and bornite.

Light gr.a1- : chalcocite.

of the section shorvn in (A). Shows
graphic intergrowth betu,een chalcocite

Dark gray : bornite.



YIRGINIA GEOIJOGICAL SURYEY. PI,ATE XX.

(A) Pl_rotomicrograph of a polished section of ole frorn Cornfleld Prospect No. 1.
Shorvs rcticulated intergrowth of bornite and chalcocite. By etehing the
section it shons clearly that the minertrls are intergro\\.n along crystallo-
graphic tlirections. Such occurlences as this add to th"e diflicultv"of account-
ing for the formation of the graphic interglou-ths ls characteristic of the
Virgilina ores. In the present instance there are reasons for believing them
to have resulted frorn snpergene agencies, but there is no proof that they are
not of hl,pogene origin ard that the trvo minerals rvere deposited contem-
poraneouslY.

Light gral' : clalcocite. Dark grar- : bornite.
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Photomicrograph of a polished scctiorr of ole flom Colnficld Prospect No. l.
Shorvs leticulated interglori'th of Lornitc rrnd cLalcocjte. B,v etching the
section it shows cleeulr- tlat thc rlinelal-s lre intcrglol'n along erystallo-
graphic directions. Such occurlenccs rs this adcl to tlie difficult5' of account-
ing for thc formation of the gr:rphic intergrolrt)rs as characteristic of the
\rilgilina ores. ln tlrc plcsent instancc thele ale leasons for believing them
to h:rr-e resulted frorn supelgcnc agerrcie-qi but there is no proof that the,v are
not of h,r'pogerre origin ard tbat the trvo minertrls rlele deposited contem-
porancoush',

Light grav : clralcocite. Dark glar- : bolnite.

(A)
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Photomicrograph ol a portion of the

highl;. magnifled in order to shov'the
Light grar : chalcocite.

sarne section shorvn in (^{.), but r-ery
intricacy of the leticulatecl intergros,th.
Dark gray : bornite.
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A second. theory is, that the bornite in the interg'owths is a primarv
mineral and of hypogene origin, anil that the chalcocite represents a
secondary alteration of the bornite but that it is of hypogene origin. That
is, the adherents of this theory believe that the chalcocite is a secondary
mineral formed by deep-seatecl agencies.

so far as the writer can see, there is no way of either proving or dis-
proving this theory. He has studied in great detaii secondary hypogene
alterations in the silver ores of ronopah, Nev. The patterns there
formed by such processes are similar to those formed in ordinary supergene
enrichment. He therefore believes that the adherents of this theory must
prove that such patterns can anil do result from hypogene alterations in
earlier hypogene sulphides before they can apply it in explanation of these
intergrowths.

A third theory is that the bornite is a primary or hypogene mineral,
and that all the chalcocite is a replacement of the bornite and of supergene
origin.

rt is felt that before the aclhere'ts of this theory can offer it they must
first explain how the same agencies acting under the same conilitions can
produce such different and characteristi'c results as the chalcocite which
occurs as replacement veinlets in the bornite on the one hantl ancl the
graphic intergrowths on the other. Furthermore, so far as the writer is
aware, such graphic intergrowths have never been shown to result fronr
supergene agencies.

A fourth theory, offereil by Segallo as an explanation of certain
reticulate crystallographic intergrowths in the Butte, Mont., copper ores,
is that such intergrowths are the result of replacement of chalcocite along
crystallographic directions by bornite.

Each of these four theories has its ardent adherents, but so far as the
writer's judgment goes, neither theory has been proven nor clisproven. As
stated above and fully realizing the strength of the other theories, he
believes that in such graphic intergrowths as those characteristic of the
virgilina ores, the evidence points more strongly toward contemporaneous
deposition of the tv'o minerals and he still adheres to that theorv.

OONTINUATION Otr' TIII ORE DI'POSITS 1YITH DEPTII.

The descriptions anil generalizations in regard to the rocks, the veins,
and the ores, and the geological structure of the \rirsilina district as

"segall, Julius: The origin and occurrence of certain crvstallosraphic inter-
growths, Economie Geology, 1915, Vol. 10, pp. 46t-420.

oa



9+ GIOLOGY AND ORD DEPOSITS OF TttE YIRGILINA DISTRICT.

given in foregoing portions of this report appear to the writer to warrant
a few statements ancl surrnises as to the continuation of the ore deposits

with depth.

It has been shown that al1 the geological eviclence in regard. to the

subject indicates that the veins and ores have been derived from deep-

seated sources, probably from an intrusive magma entirely independent

of the greenstone in which they occur. It has also been shown that the

veins were ileveloped in fractures, possibly fault planes, which extend to
unknorvn, but certainly great, depths. When these factors are colsidered
together it is reasonably certain that the ore cleposits are by no means

merely superficial phenomena and that they will extend to depths beyond

the limits of mining. S4rile there is no means of proving it, the writer
regarrls it as reasonably certain that the intergrown chalcocite and borrrite

are h;'pogene minerals of primary deposition ancl therefore that there will
be no change to leaner minerals with itepth. It is not intendecl tn assert

that any one o1'e shoot will continue to indefinite depth, for such a state-

ment woulcl be preposterous. What the writer believes and what he

intends to say is that the veins with ali their irregularjties as to width ancl

metal content will probably continue to great depths. The size ancl value

o{ an ore deposit as shown in reasonable development may form a basis

upon which to base expectations as to what further exploration may develop.

It is, therefore, the rvriter's opinion that if the upper 300 or 400 feet of
clevelopment work in an ore shoot develops ore of cornmercial vaIue, tht
ore thus developed will form a basis for expectations as to what further
expioration would develop ancl that the development may be carrieil for-
ward to great depths with reasonable hope of success.



THE MINES AND ORES OF THE VIRGILINA
DISTRICT

DnscRrprrvn GEoI,oGY or rnn MrNEs aND pnospEcrs.

SEABOARD MINE.

Gen,erul statement.-The Seaboard mine, owned by the Seaboard Copper
Company, of Boston, Mass., is located on the west one of fi,vo approxi-
mately parallel low-lying, flat-topped ridges extending northeastrvard Jrom
the center of the Yirgilina district. It is about four ancl one-half miles
northwest of the town of \rirgilina, located on the Danville and Norfolk
Division of the Southern Railway, which is the nearest shipping point.
ft is reached by a good wagon road ancl is so located that a branch line
connecting it rrith the main line of the railroacl at Virgilina could be built
at minimum expense. The country acljacent to the mine is fairly well
tim'bered with both pine and oak, and there is an abundant supply of
material for mine timber, Iutnber, etc. There is not an abundant supply of
water for the mine, but a small stream about three-fourths of a mjle south-
east could be made to furnish an ample supply by the building of a'dam and
installing pumps to sencl the water from the stream to the mine. fn fact,
a small dam has been built at a suitable place on this little creek and the
water which was used in the development of the mine was pumped from
this place.

Copper is said to have been first found on this property in 1899, and
between this date and 1902 two shafts, Nos. 1 and P of the company, were
started and each sunk to a depth of about 100 feet. This early work was
done by a l[r. Wi]Iiams and consisted of little more than prospecting. Tn
1902 the property was purchased by its present o\ilners, who at once
proceeded to sink a new shaft, No. 3, and to continue work in shaft No. 2.
No. 2 shaft was sunk to a depth of about 260 feet and drifts were broken
ofi from it at the 100- and 200-foot levels, respectively. The work thus
far clone amounts to about 600 feet of drifts in addition to the shafts, and
was all done for ilevelopment purposes, and no ore was taken out except
that which came from the development work.

Descript'i,on of aei,n.-The ore-bearing grouncl consists of a well-defined
quartz-epidote vein carrying a small amount of calcite. This vein varies
in width from one and one-half to eight feet, averaging three and one-half
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SEABOARD ]VIINI.

to four feet, ancl is traceable on the surface by means of quartz d6bris for
a distance of about one ancl one-half miles. Three ore shoots have been
located, one at shaft No. 3, one at shafts l{os. 1 ancl 2, and the third
about one-half mile north of shaft No. 2 near the public road running
west from Red Bank. Of these ore shoots only that at shafis Nos. 1 ancl 2
has been developed to any important extent; the others, howevcr, espe-
ciallv that at shaft No. 3, appear to be fairly well mineralized and to
war"rant further development. In addition to this, the main vein, there
is another well defined but smaller vein lying about 200 feet west. This
west r-ein is well marked by quartz and epidote on the surface and. is
traceable for about three-fourths of a mile, ancl has been opened by a

shallorv shaft about 1,200 feet south of shaft No. 1. This prospect opening
showed the vein to be narrorv but to cany a small percentage of copper.
Both veins have a strike of from 5 to 10 degrees west of north and dip
about 80 degrees to the east. The schistosity of the country rock stril<es
approximately north and south, and it js thus seen that the veins cut the
schistositv at sharp angles. They are believed to be true fissure veins and
to have been devetroped in fractures which, as a rule, in this district have
a more northerly trend than the schistosity of the country roc\ though
in many instances their trend is parallel with the schistosity. These veins
have weli-defined 'rvalls and part readily from the country rock. Ilowever,
in places there is a small amount of mineraUzation of the wal1 rock at its
contact with the vein. As is usually the case with veins in this region,
these present many irregularities, the most important of which consist of
"pinches" and "srrells," both horizontally and vertically. The develop-
ment at this mine has not gone far enough to shorv the extent of irregu-
larities that have been noted, but there are decided "pinches" in at least
two places rvith corresponding "swells" in trvo others. The r,eins are much
more highly siliceous than the country rock, and are believed to have been
derived from sources other than the roc.l<s in which they occur. This sub-
iect, however, is discussed in the chapter on the origin of ores.

The ore shoots, so far as the der.elopment has proceeded, are well min-
eralized and appear to have a slight pitch to the south. The ore does not
occur in any one portion of the shoot to the exclusion of all others. In
some instances it is distributecl rather uniformly throughout the vein. In
others it is largely concentrated near one rrall with only a small amount
scatterecl irregularly through the rest of the vein, while in still others the
principal values occur near the middle of the vein with only a small.amount
in other portions of it. There is always more or less barren material in

9?
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the vein, but it is so located that it can not be left in the grouncl in mining.
The only structural feature affecting the developed portion of the mine
appears to be a small fault whjch rvas encountered in the south errd of the
drift on the 200-foot ler.el, at which point the vein appears to be cut out
completely. A11 indications, however, are that the disturbance is slight
and that the vein could probably be pickecl up again by drifting a, {ew feet
into the hanging ivall at the encl of the drift.

Ore ancl gangue rninerals.-'lhe orp at this mine consists of bornite and

chalcocite together rvith a smai] amount of malachite in the upper portions
of the lein. In certain portions of the ore shoot bornite appears to be more
abundant than in any other mines of the district. In fact, the purest bornite
fountl cluring u:e tield investjgations \Mas taken from this mine. Much of
the unalterecl ore, horver.er, like that from the other mines of the district,
consists of bornite anil chalcocite intergrown in such manner as to indicate
that the two minerals were deposited contemporaneously. In the ore from
the upper portions of the ore shoot much seconilary chalcocite occurs in
the bornite as veinlets varying from knife-edge seams to one-fourth inch
in rviclth. These penetrate the bornite in al1 directions ancl vary in size

from the finest line, often scarcely visible even with the highest porvers of
the microscope, up to veins of pure chalcocite one-fourth inch in vidth.
See Plate VIII (A and B). The centers of nearll. all of the largest
chalcocitc-fi1leil fractures are marked by sponge-like areas of some material,
r.hich jn some instances appears to be quartz and limonite, and to mark the
or:iginal fr:acture in rvhich the chalcocite began to develop. In most cases

these areas are of appreciable size and inclucle particles of chalcocite and
appcilr to hgve developerl simultaneoush u-ith the chalcocite. Piate XIII
(A and B).

\\rhen a polished section of ore showing these chalcocite veinlets is etched
v'ith hydrochloric acid and examineil uncler the microscope, the materia] is
seen to be porous and to resenble a sponge, and to be filled with minute
specks of chalcocite. The bounclarv between these veinlets of seconclary

chalcocite and the bornite is generaliy regular, but the material wittrin the
c'halcocite usually presehts a somervhat feathery ouUine. The boundary line
between the chalcocite and bornite is always perfectly ciear cut anil sharp,
anil there is absolutely no gradation of orie mineral inio the other. It is
also clear from microscopic examination that each little vein of chalcocite
in all probability started as a mere fllm in the fracture and grew to its
preserrt size, but hoii this growth took place is not made clear by microscopic
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stucly of the 
'einlets. rt cloes appear, however, that it tool< place at the

periphery of the material alreacly cleposited, ancl ttrat the veinlets increasecl
in size at the expense of the bornite. Irowe'er, the crremistry of the process
has not yet been I'vorlrecl out. In some instances chalcocite-filleil fractures
in the Jrornite appear to be of trvo periocls, one earlier than ure other, and
in such instances the more recent {ractures cut across the chalcocite veinlets
in the older ones. Fractures also occur in the areas of intergro$,Tr chalcocite
ancl bolnite, and in such jnstances the seconclary veiniels .ot u.rom both the
primary chalcocite and the bornite. The relations of the trvo minerals in
such cases leave no c'loulct as to the seconiLary nature of the chalcocite in
the veinlets.

The gangue minerais in this mine consist o't qaartz, epidote, carcite,
chlorite, albite, ancl hematite. Quartz is by far trre most important gangue
mineral and makes up more than three-fourths of the vein. calcite and
epidote are present in about equal amounts, while arbite, chlorite, ancl
hematite are only sparingly developeil. The greater part of the auartz is
massi'e, and shows no tendency to form crystals. rrowever, in some
instances, especially in openings or vugs, quattz, calcite, ancl albite were
founcl with goocl crystal cle'elopment, and a1l u.ere intergrown .'vith the
bornite and chalcocite. The peculiar association of gangue and ore min-
erals in this mine presents some features which have an important bearing
on the genesis of the ores, ancl the subject is discussed fuliy i11 the chapter
ou rhis subject.

Deueloltmenf.-The de'elopment of this mine consists, as has been
stated, of three shafts, Nos. 1, 2, ancl B. Shaft No. 1 was the first to be
sunk, and extends to a clepth of 110 feet; shaft No. 2 is on the sarne vein,
is located 113 feet south of shaft No. 1, and is the main working shaft of
the mine. rt is about 850 feet deep and from it two leveis have beeri
broken off, one at 100 feet aricl the other at p00 feet. The 100-foot level
has been driven in the vein aboqt zzs feet northward, intersecting shaft
No. 1. The vein throug'hout this distance has an averase width of about
four and one-half feet and a copper conte't of approximately ? to z.E
per cent. 'The second level extends 105 feet north from the shaft and
90 feet south. on this level the vein is siightly narrower than at the first
leve1, but the copper content is approximately the same. At the point
where the second level rvas broken off {rom the shaft, the vein is narrow
anil not very promising, but at the bottom of flre shaft it has rvidened
considerably, has increased in ore content. and is much more promising.
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X'ig. 3.-Flow-sheet of Seaboard mill as designecl and constructetl by A. W. Tucker,
I909.



SX]A-BOA.RD MINE

Practically no ore has been taken from this shaft except that which was re-
moved during the deveiopment work. Shaft No. 3 is 105 feet deep, is located
about 900 feet south of shaft No. 2, and no drifting has been done. At the
time of the feld work this shaft was fiIled with water and, therefore, in-
accessible. The ore on the dump, horvever, is entirely similar to that taken
out of l[o. 2. No observations as to the width of this vein or the extent
of the ore shoot could be made. Tlowever, it was reported that the vein
is about 5 feet in width and fairly well mineralized. A generalized vertical
section showing the development of the mine at the time the field work was
in progress is shown in figure 2, page 96.

Concentrat,ing plant.-It is generally agreed by those who have studied
the ores of the Yirgilina district that the future development of the district
depends upon the ability to concentrate the ores. In orcler to solve the
problem of concentration, which had been attacked in a desultory way at
two or three mines in the district, the Seaboard Copper Company e*ployed
Mr. A. W. Tucker, of the l{assachusetts Institute of Technology, and
supplied him with the necessary ore for experimental work. This work;
which was canieil on in the laboratory of the Institute in Boston, gave
satisfactory results, and in 190? the company erectecl, under the super-
vision of Mr. Tucker, a 50-ton mill in which the ore is given the following
treatment:

On being hoisted from the mine the ore passes through a rock breaker
and is crushed to two inches, then passed over a picking belt from which
barren material is rejected as waste, and ore approximating 10 per cent
or more in copper is selected for direct shipment. The remainder is re-
duced to one-fourth inch by a crusher and rolls and is passed through a
series of 4-compartment Harz jigs. From the jigs three proclucts are
obtained, a 50 per cent copper concentratel a hutch produc! which goes
direct to a set of Wilfley tables; a middlings; and tail produc! which
goes to a battery of stamps and which, after being stamped through 60
mesh, is subjected to treatment on 

.wilfley 
tables. From these a 25 per cent

copper concentrate is obtained. The slimes are collected and are r.un on
wilfley slime tables, the conc'entrates from which are added to that from
the regular tables. No figures were obtainable which woulcl give the total
percentage of copper saved by the mill. rrowever, in the experimental work
in the Massachusetts rnstitute of rechnology above referreil to, a similar
equipment to the one just described was useil, and a saving of between
80 and 85 per cent of the assay value of the ore was obtained. The flow
sheet of this mine, which was furnished by Mr. Tucker, is shown in
figure 3, page 100.
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The mill was operatecl only a short time, and the ore treatecl consisted

of about 2,200 tons of seconcl-gracle material left ovcr after hancl piching'

From this there was cxtracted about ?? tons of concentrates. Smelter

returns from these \\'ere as folloivs: Hancl-piclied or-e al'eragecl ?.45 per: cent

copper, 1.50 ounces of sih'er, ancl .01 ounce of gold per ton, respectively.

Table concentrates averagecl ?3.85 per cent copper, 2.89 ounces silver, and

.02 ounce gold per ton.
\Yhile it is evident that ure data just given are not strfficient to rvarrant

any far-reaching statements as to concentration of the \rirgilina ores in
general, it is believed that they do sho\y conclusively that a properly corr-

structecl and operated mill rvill concentrate the oles in a satisfactory

manner, and they also inilicate that such a mitl should be constructerl

somervhat along the lines of the Seaboard mili.

BIUE VfING MINE.

General, statement.-The BIue Wing mine is located about one anal one-

half mites southeast of the town of Virgilina, from t'liich it is reaciretl by a

good wagon road. The branch line of the southern Railroacl running from
the junction about 1 mile east of the railroad station at virgilina to the

Holl0r,r,ay mine passes rvithin 100 feet of the Blue wing shafi, and thus

furnishes excellent shipping facilities.
\Vhile the timber lands surrouncling the mine have been cut out, there

is still an ample supply of both hardwoocl and pine for mine timbers' At
the time of the fie]d work there was such an abunilant supply of corcl wood

that the mine management found it a much cheaper fuel than coal-

There is onl;' a moderate supply of water, which is derivecl fronr a, smal1

brook near the mine. In winter and spring the supply is ample, but during
the late summer and fall, the clry season in the region, the brook is often

dry ancl water for mining or milling purposes is scarce. However, it is

believed that by impounding the u,ater cluring tlie spring there coulcl be

provided at small expense a supply su{ficient for a1l actual neecls during
the clry season. In case this water shoulil faiJ., it is certain that an ampie

supply could be obtained by pumping from Aaron's Creek about one and

one-half miles east of the mine.
The mine takes its name from Blue \Iring post-office, long since

abandonccl. which rvas located a shod clistance west of the mine at the

time of its opening, and rvhich in turn receivecl its narne from Blue \Ying
Creel< located about 2 miles west of the post-office. It is reportecl that
during the year the mine was openeal about 500 tons of high-gracle ore
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were talien out and shippeil. The property after passing through seyeral
hands was acquired about 1895 by its present owners, the Boston and
carolina copper company, a Massachusetts organization maintaining
offices in Boston. rt has been operated spasmoclically rather than steadilv,
and has been allowed to lie idle the greater part of the time. The causes
for this iclleness, so far as they could be determined, appear to have been
litigation, certain transactions tooking towarcl a consolidation of the more
important mines of the district which the company was trying to effec!
ancl ure varying price of copper. There has never been a time since ure dis-
covery of the mine when it would not have been regartiecl at least as a
very favorable prospect. The causes for so much intermission in operation
are thus attributeit more largely to market, financial, and other conclitions
afiecting the operators uran to the lack of ore in the mine or of promise
in the prospect. The last work was done in 1909 by E. H. \\restlake of the
Tennessee copper company under an option granted by the o\,vners of the
property. Ifnder this agreement Ure mine was operated, but not con-
tinuously, from July 1, 1909, to January 1, 1910, and about 3,000 tons
of ole u.ere shipped which averaged between 2 and 3 per cent of copper.
During this l'ork the shaft was sunlr an adclitional 80 feet, giving it a totar
clepth of 360 feet and about 400 feet of new drifts were clriven.

The surface plant consisted of the housing for the shaft and the neces-
sary machinery for operation, consisting of a steam boiler, a small hoisting
engine, a good 10-dri11 air compressor, picking belt, and equipment i'clud-
ing a rock breaker. There are also bins for storing about 100 tons of ore,
and a repair and blacksmiih shop.

Nothing i' the v.ay of concentratio. has been clone d'ri'g recent years
except such sorting of ore ancl elimination of rvaste as coulcl be done on a
picking belt, rvhich *,orlr was done efficiently and cheaply by negro women.
it is reported that in the early clays of the mine crude attempts lvere made
at concentrating the ore. The plant {or this purpose is said to have con-
sisted of the necessaly crushing equipment, a set of Harz jigs, ancl a
Lr'rue vanner. 'l'he equipmerit was so meager anct ill adapted to tlrc ore,
and the work n'as clone in such a c.lesultory rvay, that it proved a cleciclecl
failure ancl was soon discontinuecl. This failure inust not be taken to
indicate that the ores are not amenabie to concentration, fol from e,rperi-
mental work, and also from actual mill practice on other ores of flre
ciistrict similar in a1l respects to the Blue 1\iing ore, it is certain ilrat with
rnorlern equipment and intelligent md.nagement these ores can be concen-
trated without dif'ficulty.
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Und,erground, d,euelopment.-The property has been tested and de-
veloped by one working shaft about 860 feet deep, B prospect shafts
varying in depth from 50 to 125 feet and about 1,?00 feet of drifts, which
were broken off from the main shaft at four levels: 91 feet, r4g reet, pl}
fee! and 266 feet, respectively from the sur{ace. considerabre stoping has
also been done in what appear to be two distinct ore shoots, one at the main
shaft and another immediately north of the diabase dike which crosses
the vein about 120 feet north of the shaft. rn the first-mentioned ore
shoot the stoping extencls from about B0 feet from the surface to the.
260-foot level and in the second from about d0 feet from the surface to
the 210-foot level. Nothing in the way of exploratory work except the
shaft has been done in ground deeper than the p66-foot level, although
all indications are that the two ore shoots will probably extend to a much
greater depth than has been reached by any of the'present workings. The
vein varies from about 2 to more than 6 feet in wiclth, averaging perhaps
4 feet, and the values are distributed i*egularly through it, with some-
times portions of the walls being mineralized. consequently, in order to
be certain of obtaining all the values in crri{ting ancl stoping, it is always
necessary to remove the entire vein, and, in some instances, a consiclerable
portion of the walls. The drifts and stopes, therefore, represent at least
the actual width of the vein anil show the irregularities as to ouiline that
it presented. A vertical section through the mine showing the development
up to 1910 is shown in figure 4, page I04.

0n1y the usual and well-knor,vn methods of mining were useil in this
mine. Modern air drills were used in sinking and driving, and together
with light stoping driils furnished the equipment for use in breaking the ore.
Both the overhead and unclerhand methods of stoping were employecl, the
one being used which was most suitable for the ground to be removeil. The
mine apparently makes only a moderate amount of water, which was easily
hanclled with a small cameron pump. The broken ore was trammed to
the shaft, hoisted in buckets, ancl ilumpecl in a bin about z0 feet above the
collar of the shaft. From this bin it was passed through a rock breal<er
anil reduced to 2 inches, and then passed over a grizzry which removed all
material less than 1 inch. The oversize went on the picking belt from
which the waste rock was removed; the ore then passing into bins from
which it was shipped.

Geologic relalions.-'lhe counrry rock at the Blue wing mine is the
tvpical greenstone schist of the district, ancr does not differ essentiallv
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from the rock at the llolloway, Durgy, ancl Seaboard mines. Technically

speaking, the rock is a mashed and much-metamorphosed. andesitic tuff,
associated" with which is a small amount of normal andesitic lava r,vhich in
some places is slightly porphyritic and in others decidedly amygdaloidal.

The intense metamorphism to rvhich the rock of the district has been sub-

jected has to a large extent obliterated its original characteristics and

Fig. 5.-ore frorn Blue \A ing rnitro, shorring Lrnt]ed -trrtctttt'e. 'l'he Ihiie g|ilu.rrl
- i. 

"ri"it", 
rvith sonre qui'tz in'little le"nsc.. 'llre .olid blaek is bornitc. 'l-lrc

parallel lines represenischist. Scale, natural size' ('\fter W' H' Weec',

transformed it into a chlorite-epiclote schjst rvhich varies in colo'- frunL

dark green to a purplish-gra--r-. It ahrost irrr-ariably has a decicled slaty

cleavage or schistosity, rvhich in the r,iciniry of the Blue \Iring mine has a

trend of from 20 to 30 clegrees east of north ariil tiips from ?0 to 80 clegrees

tolvarci the southeast. This subject, hotl,evel', is rliscussed in the chapter

clevotetl to ihe tletailed rlescription of the rocks of the clistrict.
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There is at this mine an interesting phenomenon that occurs at onlv

one other mine in the clistrict, namely, the Durgy mine. This is a dike

of olivine diabase about 15 feet rvide, which cuts across the vein some 150

feet north of the shaft. The dike trends approximately north 35 degrees

west anil dips about 65 degrees to the southwest. Thus, as the shaft is
increaseil in clepth, it necessarily approaches nearer the dike, and, unless

the dip of the latter changes, will intersect it at a depth of about 425

feet. The intrusion of this dike followed the development of the vein and

ores at a great interval of time and is believed to have had no influence

in the formation of the vein or ores. The only effect noted so far as the

mine has been developed consists of a slight shattering of the vein at the

contact between it and the dike, and in a few places by slight displacement

on the north sicle of the dil<e. This displacement is especially noticeable

on the fourth level, where the vein is badly shatterecl and apparentlv dis-

placed about 8 feet toward the east.

The vein is a typical fissure vein, and is made up dominantly of white
quartz r,vith much calcite and variable amounts of epidote, chlorite, and a

few other minerals. The vein, lvhich varies in ividth from 2 to 6 feet, will
average about 4 feet, ancl, while iocally it appears to {oilow the schistosity

of the country rock, taken as a whole, it has a somewhat more norther'lv tten 11

than the schistosity. It presents manr irregularities in shape ancl form,
but maintains its average width with much persistence. lVithin it are

inclutleiL many fragments anil strips o{ more or less altered country rock.

ancl in many instances it presents a decideclly sheeted appearance caused

h;' the reiii nratter 1liling spaces betr'r'een the torn-apart or rifted schists.

'\s a rule, both foot anii hanging walls are rvell defined, although in places

one or the otheris rendelecl obscure b;' the rlevelopment of lumerous layers

or plates of vein matter in the rifted schist. The foot-rvali is probably

more cleatly deijned ancl js more easil)r follorved in mining' than the
harrging rvall. Tl or,ever, as a rule. both rvalls are rvell clefinecl. 'Ihe ores

are alurost exclusively confinecl to the vein, but there is always a vai'ying,
and in some instances a consiclerable, amount of ore in the wali rock near

the contact ri'ith the vein. In mining it is. therefore, allvays necessary to

keep close watch of the lvalls in order to be certain that no r-alues are left.
The vein possesses many irregularities in the $'ay of pinches ancl swells,

and contracts ancL widens in both veltical ancl horizontal directioris.

Ore and gangue minerals are of contemporaneous Cer,elopment, and

there is trittle or rlo supergene ol secor-rdar1- enlichment, at least none of
importance from a commercial standpoint. llrhjle there is a tenclencl
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towarcl segregation of the quartz and calcite in the vein, in no place has it
been caniecl to completion, and each mineral is intermixed and intergrown
with the other and with the ore.

The following minerals, exciusive of inclucled country rock, named in
the approximate order of their abundance, make up the gangue minerals
of the vein ; Quartz, calcite, chlorite, epidote, and hematite. The ore min-
erals in the order of their abundance are: Bornite, chalcocite, malachite,
az:u.tile, and argentite( ?). It is not definitely known how the silver occurs
in the ore, but microscopic examination of polished sections offers some
evidence that it is present in the form of argentite, and that it is intergrown
with the other sulphides. Ore ancl g.angue minerals are so intimately asso-

Fig. 6.-BIue Wing vein, face of 100-foot level, north. On the right is schist rvith
stringers of quartz. In the center is calcite with some quartZ ancl a streak of
ofe. On the left is ca.lcite ancl quartz. then schist. (After W. H. Weed.)

ciated and intergrown with each other that there is little doubt that they
are of contemporaneous development. There is a slight tendency on the
part of the ore to be segregated in different portions of the veins, but in no
place is it completely so, ancl in general a goocl part of the ore is found
bunched here ancl there throughout the vein, while a smaller amount is
scattered irregularly through it. There is also often an important develop-
ment of ore in the schists at or near the contact with the vein. An im-
portant feat'ure of the cleposit from both a commercial and scientific stand-
point is the predominance of quartz as a gangue mineral. Many carefully
macle estimates and analyses show that the r-ein carries an excess of silica
uu"ti"* from 60 to ?0 per cent, thus making it possible to use the ore as
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conyerter linings ancl as a siliceous component in smelting other heavy

sulphide ores. In fact, this feature is common to all the ores of the district
ancl forms a very important consideration in its future development. The
following partial analyses of selected samples of the ore, which were macle

for commercial purposes, show in a general $'ay the composition of the ore.

Partial Analyses of Belected, SamyLles of Blue Wing Ore.a

Par cant
Cu.... 2.7:]
Fe.... 6.10
CaO 5.65
s ..... 0.91
Alro3 . 6. gg

MgO. 0.79
sio, .......66.84
Ag . . . 0.80 oz. per ton

B
Par cent

4.lo
6.50
7. I0
r.46
I. IO
0.56

69.00
I.30 ozs. per ton

From the standpoint of genesis of the ores their highly siliceous char-
acter indicates that they are probably derived, not from the basic green-

stones in which they are found, but from some extraneous, highly siliceous
rock, in all probability from the granitic intrusions rvhich occur abundantly
in certain parts of the district. This question is discussecl in detail in the
chapter on the origin and deposition of the ores. The general character
of the vein ancl the relation of ore anil gang'ue to walls and countrv rock
are 'lvell illustrated in the following sketches by Weed.b Figure 6 repre-
sents, natural size, a typical specimen of ore, showing banded structure
causetl by the inclusion of layers of schist and iliustrates the distribution
of ore through the gangue. Of figures 6, ?, and 8, Tfleed says: "X'ig. 6

shows the face at the north end of the 100-foot level; Fig. ? the roof
above the stope, a short clistance south of the face. Fig. 8, a sketch of the
south face of the same level, shows quartz lenses holding ore and the slate-
casing to the ore lenses. This south face shows on the hanging wall barren
white quartz and calcite, ancl on the foot dark gray sulphide in slate with
qrafiz streaks holcling parallel threads or films of rvhat looks like slate
dotted with ore. Ore (harder ancl darker in color) also occurs in the
,casing. The ore boily often presents a streal<ecl or ribboned appearance,

due, not to crustification or to recent movement of the vein, but to partly
replacecl sheets of slate."

o U. S. Metals Refining Company.
DWeed, Walter H.: Types of copper deposits in the Southern United States, Am,

Inst. Min. Eng., Trans., Vol. 30, 1900, pp. 465-467.
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The general tenor of the ore is well shor.n by the following tables of
smelter returns on actual shipments of ore. These shipments were selected

to represent the type of ore taken from the mine at different periods in its
development. They represent the returns for ore taken out in 1899 to
L900, which is selected and cobbed ore rather than the run-of-mine, and
consequently shows a much higher percentage of copper than the average

of the vein. The table showing the returns for 1907 represents the run-of-
mine ore wiih only such waste material as was rernoved on a picking belt,
and. is believed to represent the average ore of the mine.

-€-

Fig. 7.-Sketch of Blue Wing vein in roof over stope above the 100-foot level, 350
feet south of shaft. On the left, calcite and a little r,vhite quartz, u'ith dark
streaks.of slaty material and spots of ore. On the right, or'e in dark quartz.
(After Weed.)

Assays of Blue trVing Ore, 1899-1900.

Lbs.
Sampled

.12.885
43,84I
46 075
50,276
43,907
43,881
41.514
3l,705
,11,193

49,823
5.289

54,879
39,879
66 772
3,063

36,340
54.05r

1899

I900
I 899

11.91
I1.31
12.40
I1.70
I2.38
13.85
I2. 69

7 .:15
ti.04
15.64
42.48

J./O
.t.Do

t0.27
44.48
6.48
8. :13

\TN

5 .55
N. d.

13.80
N. d.

Cu.
Per cent Ozs.

N. d.

.01
N. d.

Assayer
u3s.

Ledoux and Co.
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Assays of Blue trVi,ng }re, 1007.

111

Lbs.
Samplcrl

Date Cu.
Per aent

6.81
e 1a

3 .09
2.69
2.69
3 .08
2.G6
2.08
2 .46
o la
2.31
2.39
o 

^o
2.67
2.67
2.96

3.26
4.21
2.01
2.70

5.89

Ag.
O:s.

Au.
Ozs.

Assa)-er

44,160
327,250
roq I R_t

354,917
337,5i18
369,6S5
389,027
e?n 7c)a

234,679
198.230
373,814
815,4(t5
2I7,l9I
322,720
363,699
oot I Qo

326,477
312,586
oat xt<
309,108
390,1 l7
368,728
178,7 t3

2.65
1.18
1.10
1 .02
I .00
l. t7
1.00

.80

.06

.97

.80

.89

.90

. IJD

.96

.0066

.005

.005
o01

.004

.005

.004

.002

.005

.004

.004

.004

.004

.0045

.005

.005

.005

.005

.015

.005

.005

.006

.007

July 20, 1907
.aR
<ro
.. .)0
t' 90
.t q7 .(
.3 tt)

"31,"
Arro 5 ".(o.,
rro
., .)r. 3.

<. qo .3.. ,.).
Sant 1 ",, 3,

rt -a

aroaa
aa/aa

Oct. 15, "
.< lK (a

.a 1R

Nov. 6, 3'

Etstis Srnelting
\Vorks

.07

.00

.14

.o+

.06
on

1.14
2.23

The Blue \\ring vein is fairly persistent anal can be traced by outcrop

or by quartz cl6bris on the surface with some interruptions for nearly half
a mile. Just how much of it thioughout this ilistance is mineralizecl is not
known, but at least three openings at intervals of more than 1,000 feet

show ore. These are the Blue \trring mine proper, the opening 1,000 feet

to the south known as the Spring shaft, alcl an abandoned pit ?5 or 30

feet cleep about one-fourth mile south of the Spring shaft. Some of the

surface d6bris between the Spring shaft and this pit shows copper stains,

and it is not improbable that more prospecting would clevelop other more

promising ore shoots. Of the four ore slioots thus far linown, the two at
the main shaft are most promising. The one at the Spring shaft shorvs

gooal ore as far as development, which consists only of a shaft about 100

feet deep, has gone. \Yhile the average ore at this shaft does not contain as

high a percentage o{ copper as that at the main shaft, all geological con-

ditions, so far as could be cleterminecl, are similar, and it is not improbable

that {uture work woulc1 develop an important bocly o{ ore at this place.

This shaft was fillecl with water at the time of the field work anal was,
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therefore, not accessible for stucly, and the statements in regard to it a"e,
therefore, based on an examination of the material on the dump and on
reports of men who worked in the place. At the opening, about one-fourth
mile south of this shaft, the conilitions are somewhat different. So far as

could be determined from the abandoned ancl caved pi! the vein is well
clefined but narrower, and, judging by material on the dump, contains very
Iittle calcite. The ore also cliffers from that at the BIue Wing ancl Spring
shafts in that it contains specular hematite in excess of the copper-bearing
sulphides. Bornite and chalcocite are present, but in all the material
available for examination were founcl td be subordinate in amount to the
hematite. Hematite occurs wiih the sulphides in all the mines of the

Fig. 8.-Blue Wing vein at the south face of the 100-foot level. On the right is
schist carrying streaks of quartz. In the middle are barren quartz and Calcite
with a band of ore in the center. On the left is schist containing quartz lenses
and ore. (After W. H. Weed.)

district, but only in this one prospect is it present in great abunclance. Its
relation .to ore ancl gangue minerals, so far as noted, is the same in all
cases, that is, intergrown and contemporaneous with them.

Only at the Blue Wing shaft has development work gone far enough
to afford data on the pitch and other characteristics of the ore shoots, anal

even in this instance it is not extensive enough to warrant much in the way
of generalization. It can be stated, holvever, that the ore does occur in
definite ore shoots in which it shorvs a tendency to be segregated largely in
different places in the vein, but that this segregation js in no place com-
plete, and that smaller but important amounts of ore are distributed irregu-
larly through the vein. It may also be stated that, so Jar as development
has gone, the ore shoots have a pitch in the vein of about 65 degrees to
the south, having, therefore, approximately the same pitch as the cliabase
dike which intersects the vein in this mine.
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Prod,uction.-No lecolcl of the total amount of ore taken from this rnirre
is available, but, juilging from the amount of stoping that has been clone

and {rom such records as could be found, it woulcl certainly not be placed
belorv fifty thousand tons. It is also believeil, from an examination of
such smelter returns as were accessible, that the ore taken out altl shipped
carried an average of about 4 per cent o{ copper.

Fulure oI tl,e ntine.-The part of the geologist's reporf on a nrirre

which is probably of greatest interest to the owners of the mine and those
interested in its development are .his statements in regard to the possi-
bilities and probabilities of the future clevelopment of ore in the mine.
This, indeed, is the very part of his report that he rvoulcl most gladly omit
if he felt that he could do so without.shirking his duty.

It is believecl that the studies of the Blue l\ring mine ivill rrarrant :r feri'
surrnises as to its future. It is commonly stated that the only 'r'vay to judge
the future is by the past, anal this methocl will be usecl in making statements
as to the future of this mine. The geological conditions are practically the
same in the vein as it is openecl by the cleepest level and at the bottom of
the shaft as they are on the first level. To be sure, there.are irregularities
and variations in the amount and clistribution of the ore from place to
place, but as regards the really important features, such as the size and
persistence of the vein, the mineralization. ancl the continuation of the ore
shoots, etc., the conclitions are placticaliy the same in the deepest workings
as they are at the first level. The r,ein is clealiv a fissure lein, anrl this
type of vein is ahvays countetl upon to carrv good values to great rlepths.
The value of the ore thus far taken out was in all probability not much
increased by processes of secondary enrichnert, ancl it is believecl to leple-
sent values practicallv as they were originally rleposited in the vein. Talcing
all these data into consicleration it is assumecl that one is justified in be-

lieving that the ore rvhich has been developec'l up to the present time may
be regarrled as an example of ivhat future devclopmelt may show. It is,
therefore, believed that clevelopment worli should be continued with the
expectation that the ore shoots rvill hold thejr value in depth, and that
further ore, comparable vith that alreacly devel.oped and taken out, will be

found. I

In regard to the future of this mine, l,[r. J. Parire Channing, in a

commercial report, stated:

. "The Blue \\'ing mine has not been tested north and south with drifts.
and it is quite probable that further clevelopment in these directions would
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show other ore boclies. n'rom the results of the varjous samples I anr of the
opinion ilrat tlris nrine u-ill p,'o,luce ore carlying'3 pcr cerrt t'opfcr aircl
8 ounces of silver r'vith a siiica excess of about 60 per cent. I assume that
the mine can procluce 20,000 tons o{ ole per arurrlnl ancl I am of the
opinion that the cost of clevclopment rvili be about 65 cents pcr ton and
that the total cost of mining, including iLevelopment, will be tr.io clollars
per ton."

HOIIOWAY MINE.

ti enaral statem,ent.-The lfoilorvay mine is located about 3 miles south
and 1 mile rvest of the torvn of \rirgilina, ancl a short tlistance cast of thc
county roacl lcacling south from the torvn. 'l'he rvagon roads connecting
the mine with Virgilina are in only fair conditiol, but they are so located
that a small amount of worl< l'oulc-L improve them greatiy. The rnine is

connecteil ivith the Southern Railway at Yirgilina by a branch linc rvhich
runs from Ure mine to the junction about 1 mile east of the torvn. thus
giving' good shipping facilitics.

There is not a sufficient supply of water immecliately at hand for carrv-
ing on extensive operations in ore clressing if such should ever be desirable.

FIor'vever, about 1 mile west of the mine is Crool<ecl Creek, ancl api-rtoxi-

mately 2 miles east is Aaron's Creek, anc1, by impouncling either stream at
the nearest point to the mine, arnple n ater can be obtained and supplied
to the mine by pumping. The timber conditions surrounding the l{olloway
mine are similar in all respects to those at the Blue Wing rnine. ilhus
there is available an ample supply of both oak ancl pine timber for al1

mining pulposes.

The lanc1 on which the llolloway mine is located formerly belonged to
\\-illinm S. Hollorvan r'ho usecl it for farming purposes, and rvho, in 1880,
while plowing, cliscovered the first indications of copper r'r'hich consisted

of thc qleen ancl the blue carbonates. l\{r. }Iolloway was somewhat inter-
ested in the copper stains and sunk a test pit to a tlepth of 15 or ?0 feet,
exposing promising rock. In 1884 the prospect was purchased by Judge
A. \\r. Graham, of Oxforcl, N. C., r,vho had a small amount of clevelopment
wori< clone and solcl it in 1885 to parties b;' the name of l{cPherson and
Ileitman. These men startecl worL on the quartz vein about 100 feet west
of the present main Holloivay shaft. They apparently clici not have sufr-
cient funds to carry on the derelopment of the propelty and it $ras soon

so1cl to satisfy debts incurrecl in the prospecting, ancl rvas purchaseCL by
\V. H. Ragan, of Mocksville, Itr. C., ancl Il. L. Gaiiher, of High Point, N. C.

They did Uttle or nothing to clevelop the proper:ty, and in the latter part of
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188? sold it to \Yilliam M. Pannebaker, of lewistolYn, Pa' Mr' Pannebal<er

dicl a small amount of prospecting, but nothing in the way of important

clevelopment, ancl in the early part of the year 189? solcl one-half interest

in the property to w. E. c. Iustis, of Boston, and leaseil the other half to
him on a royalty basis. wiih this transaction the actual cleYelopment of

the mine began. The .r,vork rvas carried on actively, and it is reported that

tlurilg 1899 ancl 1900 about 120 men were employed in and arouDd the

mine, and that the work was carried on in two shifts of 10 hours each.

In l{ay, 1901, mining had reached to a clepth of 440 feet' During

october, 1901, i'vork on these lou'er levels had ceased, but work was con-

tinuecl orr the upper levels and ore rvas shipped until l{arch, 1903'

In 1903 trfr. Eustis macle a proposition for indiYidual ownership of the

mine to IIr. ?annebaker, by which Mr. Pannebaker finally obtained control."

:rnrl .jn November, 191-6, the mine was in possession of Mr. PanneJraker's

cstate, he haYing died in 1914. In 1905 Philadelphia parties, bacl<ed bv

l:lnr:risbulg politicians, became interested in the property and partially

reopcned the mine, retimbering shaft No. 1 to a clepth of 115 feet' At this

point tt e famous llarrisburg Capital troubles arose, the backing failed, and

the rvorl' r,vas cliscontinuecl, it is said, much against the recommeltiation

anil wishes of the persons actually in charge of the rvork' As a result o{

cutting the wails to accommodate the new timbers al-rout 6 tons oE ore assay-

ing 8.64 per cent copper were obtainecl and shipped' No further "lvork on

the propert-v has been attempted and the mine has remained closecl ancl

fl1led rvith lvater to tlie present date.

'J'he cLump of lorv-grade ore that accumulatecl during mining began to

be lvorkecl over just as soolf as the Eustis smelter at Norfolk, va., was

completed; anrl as early as pecember, 1899, material was shippecl from

thesi dumps to the smelter, as it r'vas needed as a flux' Later, in 1909 and

1910, the remaindel of the dump was purchased bv R' G' Lassiter and

shipped for use as macadam and railroac] ballast.

Deueloprn,enf.-Juclging from the general appearance of the mine during

the time of the field rvork for this report, nothing was done in the way of

surface development or imploYement that 'was not absolutely necessary in

orrler to get ou1 the ore and ship it. In fact, it appears that in all the rvork

only the cheapest and poorest grade of material lvas usecl, and that this was

puf together in the cheapest way possible. The shaft rvas not housed nor

properiy timbered, and it is reported that not even the absolutely necessarv

li-berine was done in the 'rine. At present, all that remains of such
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surface plant as was put up is the railroad track, a rickety old boiler house,
and a dilapidated boiler.

Taking into consiileration all available data, the surface development
seems to have been characteristic of the unilerground work. Judging from
such observations as could be made anil from reports of many men who
worked in the mine, the object sought by the management seems to have
been to take out the ore in sight iust as cheaply as possible. Apparenily
no de'elopment work was done iooking towa'd extending the mine, oi.

'ttt*'f;, Jfr."r:?1i"",".tii,T ,111.nt'"' 
or rrollou'av mine. From map matle rrorn notes

toward developing a future supply of ore. A single large lens of rich ore
ivas in sight, and the object of the management appears to have been to
get this out as quickly as possible. Fivc shafts r,vere sunk on the propcrty.
Of these only No. 1, which is the main r,vorking shaft, was sunk to any
irnportant depth. The shaft is about 450 feet creep, ancl from it six levels
Irar,e becn brokcrr off at 60, 140, 200, 290, gg5, and 4J5 feet from the
surface, respectively. rt is an inclined shaft and foilorvs approximately the
tlip of the schists, r'vhich is ?0 to 80 degrees to the east. The total clrifting,
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all of which, except a very small amount, was necessary in getting out the
iens of ore, amounts to about 1,800 feet. practicalry ail of the drifting was
done in the vein. The mine was under r,vater at the time of the {ield work
and was, therefore, not accessible for study. However, such data as wele
available were collected, ancl the vertical section given ori page 1 16 was
made from a sketch of the workings by J. D. Battershill, who was super-
intendent of the mine throughout the rvhole period of its operation, ancl is
reasonably correct. These data show that there was an inegular ore body
about 300 feet long and varying from 3 to more than 100 feet in width,
which has been stoped out for a width varying from B to 33 feet. This
stoping' extends from within about B0 feet of the sudace to the p90-foot
level. Weeda reports in 1900 that the mine was hoistins from B0 to 40 tons
of ore per day, anil states that this ore was cobbed and picke-l by hand and
that from it 16 to 20 tons of ore were selected per day for shipment.

Geologic relations.-The rock in the rlorloway mine is the typical
virgilina greenstone, both the tuffaceous and the porphyritic phases being
represented. No rock is exposed at the surface in the immediate vicinity
of the mine, but judging from the rock hoistecl in minins the ore it is
sonrewhat more massive and contains more epidoie than the ave-rage green-
stone. rrowever, it has suffered intense crynamic metamorphism and is
decicledly schistose but not to the extent of completely oliliierating its
original characteristics. The stril<e of the schistosity varies in the vicinity
of the mine from 20 to 85 degrees east of north, and the dip is uniformly
from 70 to 80 degrees towaril the southeast.

There are two veins or minerarized fissures on the property, one, the
principal vein, has a trencl of approximatery 15 degrees wesi of north,
while the other, apparently not so strongly minerarized as the first, has a
trend of about 5 degrees east of north, thus crossing the first vein at an
acute angle. The trend of the second vein is markecl by considerable quartz
d6bris, while the first has very little in the way of surlace outcrop. Littte
is known as to the strength of mineralization in the second vein. bne shaft
has been put down on it to a depth of about g0 feet, and it is reported thatit produced shipping ore. This shaft was partially caved ancl filled with
water at the time of the field work for this report and nothing as to the
character of the vein could be learneil from actual observation.

The principal vein, as has just been stated, is not at ail wel marked at
fhe surface; in fact, there is litile or no outcrop. rt is clearly of the fissure

'f-*. "it.
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type and was de'eloped in a fracture or fissure which in trencl cuts the
schistosity of the country rock at an angle of abo't 45 degrees and which
dips about 80 degrees toward the east. All the openings on this vein were
filled with rvater at the time of the field rvorrr for this report ancl conse-
quently 

'i'ere 
not accessible for study. The follorving account of the geology

of the mine is taken from clata which the r,vriter believes to be reiiable,
rt comes almost rvhollv from two sources, a report on the yirgilina distr,ict
by \{reeil,o ancl notes and other data on the mine compiled by Miss
M. Florence Pannebaker from records and reports of the mine while it was
being operated uncler the Eustis lease, ancl by her kindly placed at the
clisposal of the u'riter.

x'ig' a0.-sketch sh,orving f.age -of 800-foot rever, south, in Holloway mine, Januarv26, 1900. On the left,.black_quartzose ore; in trr".n"t.r: .'t,iil'q;;;l; stringersin black gangue. (After Weld.)

It appears from lfiss Pannebaker,s data that, in sinking shaft No. 1.
the rnain shaft, at a depth of about 14 feet a thick mud seam was en-
countered beneath which was rich chalcocite ore. At 1g feet the vein was
13 feet rvide with a pay streak of charcocite ore between z and 4 feet rvide
arrd assaying as high as 44 per cent copper. It is also stated tha! from
the surface down to, anci considerably below, this depili, the entire contents
of the shaft averagecl over B per cent copper, much of .'vhich occurrerl in
the form of the green and the blue carbonates. some shipments were made
l'rom maierja I obta inpd in the sinking carrying as high as 3J per cent
copper, r'vith a number of carloads of 10 per cent average. At a depth of
112 feet, rvhile the full width of the vein r,vas not linorvn, the 6 feet included
in the width of the shaft ar.eraged from g to 10 per cent copper. The
recorcls shor'v that during the first year of work, spent largely in sinking

'\\'".d, 
-ltr-alter. 

H.: Types of copper deposits in the southern united states.Trans. Am. Inst. Min. nngi-fOOO, Vol'.'30, pp. ++S SO+.
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and drifting, ther:e were shippeil, in all, 89 cars of ore rvhich averaged
1,1 per cent copper with some shipments running as high as 40 per cent.

Iliss Pannebaker's records furthermore show that, so far as removed
from the mine, the richest ore occurred roughly in two shoots, one a short
distance south and the other about 120 feet north of the main shaft, near
shaft No. 2, and that both shoots had a pitch in the vein approximating
70 degrees toward the south. The ore in both shoots was of uniformly
high grade and in both the vein was very wide. According to \Yeed the
south shoot was 33 feet wide on the first leve1, \'5 feet below the surface
south of the shaft. Other recorcls show that this shoot farther down was
stoped to wiclths varying from 15 to 30 feet or more. The north shoot was
also of high grade ore, but was probably not stoped quite so wide as that in
the south shoot lvhere the reports mention stopes up to 30 feet in width.
Between these two large shoots the vein was narrower, from B to 10 fee!
but well mineralizecl. Nothing in the rvay of stoping rvas done below the
fourur level although the vein was rvell mineralized ancl material removeil
in sinking and drifting ivas shipped to the smelter. The recorils also show
that in the shaft at a depth of about 440 feet a body of very rich ore was
encountered. Records of shipments made at the time this sinking and
drifting were in progress and presumably from this work show al average
of 9.11 per cent copper. It was reportecl that the drift and cross-cut on
the fifth level, north, were mineralized for a width of about 60 feet and that
in the clrift on the sixth level, both north and south, shipping ore was
obtained.

Records which might show the character of the ore produced by this
mine are scarce and difficult of access, and there weie no geological exarni-
nations of the ore body while the characteristic high-grade ore rvas being
taken out. At the time of Mr. Weed,s report the greater part of such ore
of this type as had been developecl had been removed, and much of the
mine was not accessible for examination. There are also many conflicting
reports regarding the mine which are generously poured into the ears of
any one who, for anv reason, ma,nifests interest in the possibility of the
mine again becoming a producer, oftentimes much to the iujury of ihe mine
and of the clistrict as a whole. Because of all this and in ortler to render
accessible such reliable information on the subject as exists, it rvas decided
to include the following table of settlement returns on r:epresentative ship-
ments of ore from the mine during the years 189? to 1908. The table by
rro means includes all the shipments macie cluring the period covered, but
it is believed that such as are included are representative ancl that thev
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furnish a reliable basis on which may be formed an estimate of the gracle

anil character of ore produced by the mine. The table was compiled by

Miss Pannebaker from actual smelter returns in her possession and by her

placetl at the writer's disposal.

'Ihe r,ein has been prospected and more or less developed for a rlistance

of about 800 feet, ancl it is reported that each of the prospect shafts showeil

more or less ore, and that shipping ore was taken out of both the northern-

most and the southernmost clevelopments'

The followirg is \Veed'so account of this mine which, in the main,

corroborates the data furnished bv l{iss Pannebaker:

,,'l.he vein varies greatly in rvirlth, showitrg the -lenticular. structure
noticed on a small ..i. io ihe railroad cut, ancl, in fact, repeatecl in the
ore-body itself. It varies from 3 feet to ?5 feet, or nrore, in v'iclth' In
general, there is a fairly defined foot-wall, showing a {ip of ?5 degrees' The
tangirrg.-rvall is less defined ; and both ,foot and -hanging .shorv irregrr-
lariiies,'due doubtless to the crossing of the schists by the u91"- 1l a- slig'ht
angle. and the presence of projections wher_c the_rocks are sl ightly harder

ttran ihe usual 
'schists. It lholld be remarkecl also that the course of the

Hollorvay vein, north 15 to 20 ilegrees east, is not that of rnost o{ the
veins of the district.o

.,In the lower or third ler-el of the mine, the vein is 12 feet wicle at the

south face, and .*hows .r,vhite ancl gray quartz, with epidote and gray chal-

cocite p.5 ieet wide. Fig. 10 repieseirts a sketch macle in the mine at thi-q

level. llere the hanging-rvall ii rolling, and there is no clefinecl foot-wall'
It js also noticed tiiat"the quartz sends little droppers or.-feeclcrs into
the schists, in stringers paraliel to the schistosity. This is illustraterl iil
n'ig. 11.

,,on the third level, south of the shaft, the vein was lost in following
the foot-wall, so that there is a short cross-cut into the country-rock, FLg.

12 shows the cross-section of the ore body on this level, to the south. In
seneral, it is noticed that the vein south" of the shaft is well-defined, and

tas good rvalls up to the first level. The quartz is casecl in a soft, micaceous

slate] which is not a gouge or selvage in ihe orclinary sense, antl may-be a

schist forming part'bt "t6. countr] rock. O' the third ievel,

the vein pinches tolvard the shaft"to about 3 feet, and-continues rvith

this rviclth to the shaft and northrvarcl for a short distance, beyoncl which it
rvirlells to 6 or 8 feet in r,vidth. North of the shaft, the vein is broken by an

inclinecl fault-plane, markecl by a mud containiDg sharp angular fragmcnts

of ore ancl qou"tr, and dipping"east about 30 dcgrees' It does not throrv the

i'ein, though it shatters the rvalls.

'I-oc. cit., pp. 458-461.
0 lfhe author states the course of the vein is north 15 to 20 degrees e-ast rvhich,

since.by actual survey the trend is north 15 to 20 degrees west, must bc a typo-

graphical error.
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"The ore-body in the third level is altered along cracks showing films
of green carbonates in both the ore and the r'ihite ouartz. In the bottom
of the shaft, hor'vever, no decomposition 'lvas observed. A prospect-drift,
which has been started about 25 feet above the face of the third level, shows
a black jaspery rock, 'lvith crossings of r,vhite quartz. There is no ore
exposed except on the north qa1l, r'vhere there is a slight green stain.

"On the second level south no timbering exists, so thai it was not
carloads fof ore'] have been shippecl from this mine, rvhic]r varieil from
shows hard, finely laminatecl micaceous schists, ihe schistosity of which
makes an anEle of about 30 desrees rvith the vein. At the north end of
this lcrcl thc vein shorvs a slaty hangilrg-rval1, wilh quartz 1'ecders running
off into it. These {eeders wedge off in a few feet, and usually carry ore.
The quartz ore-bocly does not shon'arry marked breccia; but in this, as in
all the mines of the district, there are the usual thin, plated masses of
decomposed schist. In general, the richer ore is founcl near the foot-wall.
No definite association r,vas observed between the occurrence of ore and the
character of the various schists cut by the vein.

"On the first level, ?5 feet below the surface, south of the shaft, the
vein is 1330 feet wide, but con\rerges rapiclly in both clirections."

l-ig. ll.-Ideal horizontal cross-section of the llolloway vein, showing quartz spurs
followinpJ the foliation of tjre countrv schist. (After Weed.)

.llittct,rloyry.- The garrgue rrrirrelals. exclusive of ilagrrrenls ancl bands of
country rocl< included in the vein, named in the orclel of their abundance,
are: (luartz, epidote, chlorite, hematite, and a little pink feltlspar, probably
orthoclase. lllhe ore minerals in the order of their abundance are: Chal-
cocite, bornite, nralachite, azurite, ancl argentite ( ?), oupi'ite, native copper,
and rratir,e sih'er. ;\11 the minerals of the vein, except the oxidization
products anil a part of the chalcocite in the upper portion of the vein, which
is clearly secondary, are intimately and complexly intergrolvn and are
believed to be of contemporaneous development. Ipidote occurs in this
rrrirr* irr 3i'oatr.r'lburr,larr,.o rs it !angue rrrirrcra] llrrrrr irr iut.r olher.rnine or.

prospect rh the distlict, anrl calcite is probably a little le.qs abunclant tharr

*Tltis should read 33 feet. .See \4/eed, Copper Hand Book. 1916, p.591.
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in the other mines. Chlorite is plentifully present, and rvas probabiy
derivecl from the country rock ancl perhaps represents altered fragments
of the greenstone. Feldspar, both orthociase and plagioclase, is sparingly
present and was {ounil jn a ferv specimens of gangue matter on tlle dump.
So far as was determined, the ore minerals are associatecl very intimately
with the gangue minerals ancl are pretty rvell distributecl throughout the
vein. However, there is a clecided tendency torvarcl a segregation of the
orc at different irregular places throughout the vein. Chalcocite is by far
the most abunclant ore m jneral and probably represents a greater percentage
of the ore than in any other mine in the district. Excepting that portion
of this mineral in the upper r,vorkings of the mine, it is probably all, or
practically all, hypogene or primary deposition and is believeil to be con-

temporaneous with the bornite. Bornite ancl chalcocite are intergrown in
thc ore of this mine in much the same manner as was notecl in the Blue
\\'ing nrine. Horvcver. nu rveil-clefiner1 eraphic inlergrorvths. such rs lhuse

in the ore from the \\rall mine, rvere notecl. The general appearance of the
polished section under the microscope suggests an intricately branching
mass of bornite merged lr'ith a similar rnass of chalcocite, the latter mineral
predominating. l{alachite is the more abunclant of the tr'yo carbonates.
In fact, azarite occuls on1;' sparingiy. They are confinecl to the upper:

portion of the vein, extending, horvever, in one instance near the fault
plain mentionecl by Weecl, to a depth of 300 feet. Ilematite, while rviclely

distributed, is by no means an abundant mineral. It is not knowrr
in .;vhat form the silver occurs, but it is believed to be present as argentite.
Cuprite occurs sparingiy in the oxiilized portions of Ure vein. Native
copper and native siiver are said to have been founcl as films in fractures
in the oxidizeil portion of the vein.

Two' connecteri shoots $.ere partialiy proven, hut the work in thom rvas

not sulficient to aJford clata for much in the rvay of genemlization. As

opened uP bv the \vorkings, the ore shoots taken together are about 300

feet long in their grdaiest Urear extension, from 5 or 6 to about 100 feet
in lviclth. anil extencl to a depth of at least ,150 feet from the surface. T,ike
the other ore shoots of the rlistrict, thev appear to have a slight pitch to the
south. ''il'he ore, rvhile largely segregated in various portions of the vein.
is also irregularly disseminated through it so that very little of the r-ein

in the ore shoot is u'holly banen. Tt is believed, however, frorn such data
as were available, that segregation o{ the values w'as more nearh'' complete
in thi.q than in the other ore deposits of the district, ancl thus it rvas that
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the operators were enabled to select a relatively greater anrount o{ high-
grade ore than was possible in the other mines that have been wrrheil.

Irhether or not there are other ore shoots in the Ilolloway vein is
not known, since no development work of any importance has been done
except in the two ore shoots alreacly rnentioneil. rt is, horrever, unlikely
ihat there shoulrl ha,ve been only one ore shoot developed in such a strong

'ein and further prospecting along its strike would certainly he justiflred.

Prod,ur:tio,,.-There v'ere no means of ascertaining the total output of
' ore from the Holloway mine, but it is reportecl that in value, ilre ore taken

out was rvorth considerably o'er ss00,000. weed says that at the time of
his visit, in 1899, the mine was shipping from 1g to 20 tons of ore per cray.
.\ss'mi'g that this productio' rvas maintainecl for p00 days tluring each

Fig. .12.-Sketch showing_c_ross-section of the Hollor,r,av \-ein as seen in the 300_footIerrel, sonth. ( AfteiWeed. )

of the five vear-q the mine was in operation, the total productio' would the'
be 180,000 ton-", which figure, howe'er, is probabrv in excess of the actual
production. There were bui litile data available as to the distribution of the
r-al'es in the ore shoot, but it is berieved that, taking. it as a whore, it ran
con'"iderably higher in copper than the other ore shoots of the district. Juclg-i.g from such smelter returns as were accessible, it appears that the silver
and golil content were slighily higher than in the majoritv of the mines anrl
prospects of the district. rn some portions of ihe ore shoot the ore con_
sisted of nearlv pure -qulphides and carriecl a very high copper content, it be-
ing knor'vn from smelter-ret*rns that hancl-picted'ore 

".rnrrir.g 
as high as

40 per cent copper rvas shipped in carloads. weecl states ihaf in 1g99 the
mine ],'ielded about 6l tons of ore of two grades, the first averaging B0
per .ent or lr'fe of ..pper and the seconcrl o'er 12 per cent. It i,q quite
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evident that these statements do not take into account the lowcr gracle of

ore and the {ines all of which were discardetf at that time. These, horvever,

werc shipped later ancl srnelter letums {or more than 50 calloads of them

shol a copper content of a little less than 3 per cent. The following table

shorving the procluction of the mine, r,vhich by no means is complete, was

compilecl by }tiss Pannebalrer from actual settlement records in her

possession.

' 
n o 

"' ;x' il'i*f' Ju"u"l;i'i o'a 
t"1X;111 2 7' r e 0 0' whi ch

16,157 tons shipped which averaged' over 67a copper'
10,000 tons shipped which averaged over 8Vo copper'
6,000 tons shipped 'n'hich averaged o.uer 7Vo copper'
3,I85 tons shippecllvhich averageil under 2/o copper'

Iruture of th,e nr,i,ne.-Taking into consialeratjon the character of the

work done at this mine anil the size and importance of the ore bocly, it is

belier,ecl that further and extensit'e explolatory work should by all means

be undertaken. The sha{t shoukl be sunk until it passes olrt of t}re ore

shoot, ancl further development drifts should be clriYen both north ancl

south in the vein. It also should be borne in mind that the vein crosses the

schistosity of the country roclr; that it shows a teniLency to send off feeclers

or stringers of ore parallel with the schistosity; that it has an iregular
contoui:; ancl that its l,alls are ..billowy" and in some instances not well

clefined, and a system of regular cross-cutting should be carriecl on in
conneition rvith the ilrifting. If the stuily of this mine has made a single

point c1ear, it is that ure ore deposit has certainly not been prospected to

the extent that its size and importance woulcl warrant. It is, therefore,

believed that further developmenL can be urrdertaken with a reasonable hope

of fincling valuable ole. As the Holloway mine stands to-day, the author:

regards it as one of the most promising prospects in the virgilina district.

HIGH HILL MINE.

Ganaral staterrtnnt.-The Hig'h Ifill mirie is located about 9 miles north
of \rirgilina from rvhich it is reached by a fair wagon roacl. ll'here ale no

railroad facilities and Yirgilina is the nearest shipping point. The loca-

tion of the mine is such that in case it should ever be cleveloped to an extent

that $'ould justify it, a branch could be extendecl from the first siding on

the Southern Railway west of Virgilina, along a ridge to lligh Hill at a

minimum expense, r'vhich wouid pass the \\rall alcl Seaboarcl rriines ancl a

number of favorable prospects including the Littlejohn ancl the Elliot.
The timber lands surlounding the mine have been closely cut over,.but

there is yet a supply of both oak ancl pine ample for all neeils in operating
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the mine. At the time of the field worl< an abundance of corcl wood could

be obtained for fuel, delivered at the mine for one dollar per cord.

Ilnfortunately, the mine has no immediate water supply. The water
used for rnining and milling purposes in excess of that maiLe by the mine,

which is very little, is obtained by pumping from Hyco River, about one-

half mile northl'est of the mine. \\rhen the mine ancl rnill were in opera-

tion a purnping station consisting of boiler,50 h. p. engine, and 18 by 9

by 1? duplex pump, and a 6-inch pipe line.to the mine, were installed at a
point on the river about 2,800 feet from the mine. This supplied all the

rvater neccssary in the operations.

The mine is located near the north end of a prominent ridge which

extencls southwaicl tor'r'aril Yirgilina and attains its maximum elevation

at the mine of about ?00 feet above the river level.

Actual development of this mine began in 1899 and rvas brought about

largely through the activities of Judge A. \\r. Graham, of Oxforcl, N. C.,

arid \{. T. Harris, of \rirgilina, Y&., who interestecl, Boston, Mass.,

capitalists in the property. Prospecting proceecled rather rapitllv ancl in
December, 1899, 14 pits and shafts varying in depth frorn 25 to 125 feet

had been sunk in the vein. These were numberecl from 1 to 14, consecu-

tively, beginning at the north, and were so spacecl as to prospect nearly
I mile of the vein.

Norre of this early rvork except the upper part of some of the pits was

accessible at the time of the field worh. Taking into consideration the lack

of system irr the later development of the mine ancl the fact that none of
the rvork is accessible at the present time it is thought best to include a few

paragraphs from a commercial report by H. n'. \Yild, a mining engiueer-

who cxamjrrecl the property in December, 1899. In describing this clevelop-

ment rvork hlr. Wiltl says:

"Shaft No.4 is 125 feet deep ancl Nos. 1, 2,3,5,6, ?, and 8 are more
than 50 feet t1eep, \ro. 2 being 93 feet. At the bottorn of No. 1 shaft there
is a drift on the vein 180 feet to the north and 130 feet to the south con-
riecting rvith and extending beyond shaft No. 2. At the 60-foot level in
shaft \ro. 4 there is a drift 100 feet long ancl a stope 31 feet long ancl
16 feet high. il'o the south of the shaft is a drift 15 feet long ancl at the
96-foot level a dlift 15 feet long. At the bottom'of shaft No. 8 are two
clrifts on the vein each 9 feet long. This shaft is ?2 feet deep. None of
the various shafts has been sunk at the points rrhich at the surface show
the largest croppings o{ quartz. arrd as dcpth is attained the ore has in-
creased in rviclth and r-alue. Surface leaching has depleted the values fol
some 15 or ?0 feet beneath. Then the percentage of copper increase.q. In
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clrifts from No. 1 shaft the ground to the north has been stoped out and at
the extreme north the ctrift is within a feiv feet of the surface (owing to
the contour of the hill). The ore shorvs for the entire length of the drifts
(in the bottom where stoped above and in roof, bottom, ancl elsewhere),
varying from 2 to 5 feet in width, averaging about 3 feet. In shafts
Nos. 1ancl 2 the vein shows about the same as in the drifts dor,vn to,their
level and in No. 2 below the clrift the vein is very wide, but as the shaft
has been sunk in the foot-wall side of the vein the streak of rich ore has
not been exposed. The No. 4 shaft anil the drifts from it are in the foot-
wall side of ihe vein and are a1I in ore, the rvall on the hanging sicle not
having been reachecl except at one point in the shaft r'vhere a cross-cut
shows the vein to be 14 feet wicle. The shaft itself is 9 feet wicle and a
drill hole at the bottom shows the quartz to he at least 11 feet rvicle. In the
drifts from this shaft the ore averages over 6 feet as exposecl and since
the harrging rvall has not been reacheil the real wiclth is greater. At the
bottom of No. 8 shaft the vein has pinched to about 1 foot in wiilth, but
in the drifts fron the bottom. although they are only 9 feet 1ong, it has
widenecl out to two and one-half feet. The streak of rich ore in the quartz
vein'varies in extent, not always conesponiLing with the variations of the
vein itself and occasionally it occurs in kiclneys through the quartz, but I
estimate from my measurement and from the proportion it forms of the
ore alrearly extractecl, that the rich ore forms about one-sixth of the entire
contents of the vein."

Shortly after l{r. \\rild's report rvas maile the mine r'yas taken over by
its present owners, a stock company known as the Yirginia Copper Com-
pany, Ltd. This company was organized under the laws of Great Britain,
but maintainccl, rluring the operation of the mine, an oJfice in New York
City. Development work was continued largely, however, at shafts Nos.
3 and 4, which rvere chosen as the main working shafts. These r'vere sunk
to depths of about 250 and 350 feet, respectively. Two levels were broken
off from shaft No. 3, ancl 3 levels from No. 4. From these ler.els stoping'
v,as done as sliown in the vertical section of this mine on pagc 124. This
stoping was evitlently very carelessly clone ancl the shattered groun<l was

not properly timbered, ancl, as a result, nearly 300 feet of ground above

the first level south oJ the shaft caved.

: Good buildings, such as shaft house, boiler and power house, office, shop,
a resiclence for the manager, and some houses for laborers, l'ere erected.
The shaft was equippecl with good machinery including hoisting enginc
ancl a ?O-driil air cornpressor. Later, in 1901, a mill was erected and an
attempt was made to concentrate the ores. So far as could be learnecl the
equipment was very inadequate ancl not suited to the ore. At any rate
the rvorlr was a significant failure. The equipment consisted of a rocli
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breaker, some screens, a picking belt, and a set of Harz jigs. 'Ihe rock
breaker was the only crushing machinerv employerl and all material too
coarse for the jigs '!vas screened out ancl cliscarded. As a result there is
now at the mine a large dump of this discardeil material, which, accorcling
to assays, will run nearly 2 per cent in copper. The work continued in a

somewhat desultory way until the price of copper reachecl a very low figure
when the mine was closed. In 1907 the mine was reopened and another
attempt rvas ma,le 1o treat the orcs. This Lime lhe proce.s consisted in
giving the ore a sulphating roast in a specially designed furnace. This
was follor'vecl by an acid ieach and it, in turn, by electrolytic precipitatiou
of the copper. An expensive plant r,vas erected ancl operated only long
enough to dcmonstrate that the method as installed was a failure. The
mine was immecliately closed and has not been reopened since.

Geologi,r: relations.-'lhe rock of the High Hill mine is the normal
schistose Yirgilina greenstone. The greater part of it is decidedJy schistose,

but here and there are areas rvhich shorv the original tuffa,ceous character
of the roclr. Some of the rock is of a dark green color and js fairly massive.

lvhile a smaller amount has a decided purplish coIor.

The Fligh Hill vein is one of the strongest in the Yirgilina district ancl

is clearly traceable either by a well-clefined quartz reef or abundant qvart.,z

d6bris on the surface for a clistance of nearly two miles. The outcrops rise

from a ferv inches to 3 or 4 feet above the surface, ancl r'vhere there is no

clefinite outcrop the surface is literally covered with quartz d6liris. So far
as could be cletermined throughout this distance the vein varies from 2 or 3

to 12 or 15 feet in width. It is remarkably regular in trencl, showing

throughout its rvhole length very slight variations from 6 degrees west of
north. The strike of the schistosity is torvarcl the northeast and cuts the
trend of the vein at angles varying from 20 to 30 degrees. These {acts
mal<e it clear that this is a true fissure vein developed in a fracture formecl
subsequent to the metamorphism of the country lock. In this respect it is

similar to the other veins of the district. Like the other veins it also

presents both vertical and longitudinai pinches and swells. It appears to
contain a larger percentage of quartz, and is, therefore, more highly siliceous
than any other vein in the district, r,vith the possible exception of the Durgy
vein which canies an approximately equal percentage. It carries less

epidote than the Seaboard ancl Holloway veins ancl less calcite than the
Blue \Ving. So far as could be determined both foot and hanging walls
are well defined antl the vein narts easilv from them. In this as in all other
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veins of the district there are numerous inclusions of plates ol layers of
' country rock rvhich, in places, give it a laminated or banded appearance.

The gangue minerals, exclusive of fragments of country lock, includeil
within the vein, named in the oraler of their abundance, are: Quartz,
epidote, chlorite, calcite, and hematite. The ore minerals in the order of
their abundarrce ate: Bornite, chalcocite, rnalachite, azurite, cotellite, and

argentite(?). Ore and gangue mjnerals are iritimately intergrown and

there is little doubt that they were tlepositecl contemporaneously. In this,
as in the other mines of the cListrict, there is a decided tendency on the

part of the ore to occur as segregateil areas or lnasses throughout the vein.

l'ig. 14.-(A) High HilI vein at Shaft No.4. North face of 60-foot )evel. Vein eight
to nine feet'rvide. Ore is shor,vn in solid black. (After \,V. H. Weeri.)
(B) High HilI vein, north face at bottom of Shaft No.4, as it appeared
January 28, 1900. Vein from eight to nine feet wide. Ore is sholvn in solid
black. (After W. II. Weed.)

This tendency, however, has not been carriecl out completely, so that no
part of the ore shoot is wholly barren. The bunching of the ore is not
confineal regularly to any portion of the vein, but occurs in some instances

near the foot-wall, in others near the hanging wall, ancl in still others near
the center of the vein. n'rom such data as were available at the time of the
field 'r'vork the run-of-mine ore from the mine will cany an excess of silica
varying from ?0 to ?5 per cent.

As far as could be determined from the development work accessible

and from such data as were available, the values occur in definite ore shoots

which are believed to have a slight southerly pitch in the vein. At least

three such ore shoots have been developed to a greater or less extent at
shafts Nos. 2, ,3, 4. ancl 8, respectively, but the development has not been
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sufficient to furnish data for accurate statements as to their respective size.

Dealing with this subject in a commercial report on this mine, made after'
a detailed examination of the propeft,y, J. Parke Channing says:

"It is extremely di{ficult to cletermine the length of the shoots developecl,
but I should say that shafts 3 and 4 would probably prociuce 1,000 feet of
pay ground, shaft No. 8, 150 feet, and shaff No. ?; [00 feet, or a total of
1,350 feet."

In addition to this amount of pay grouncl which is already partially
developecl, the prospect pits and copper stainings in the outcroppings of
the vein inclicate that further development of the property will probably
clisclose other valuable ore shoots. But few data on the copper ancl silvet
content of the ore were availabie, but such as could be found indicate that
a considerable quaniity of high-grade ore was talren out and'shipped. H. F.
\Vi1d states, in his report above referred to, that as a result of the earlier
rvork at the mine ore as follows was taken out and shipoed:

Lbs.
Sampled

Cu.
Iler cent

Ag.
Ozs.

Au.
Oes.

46 365
46,3r0
5r,977
40,273
40,092
42.493
50,023

145,O52
2.000,000
( cstimate )

400,000
( estimatc )

27 .83
7 .60
8.40

t5.11
17.30
13.95
33. 76
r6.40
L.72

2.85

6.00
0.40
1.90
n. d.
n. d.
n. d.
8.46

r.22

0.90

0.02
0.01
0.01
n. d.
n. d.
n. d.
0.22
0. 03
0.02

Trace

Producti.on.-After considering the figures just given, H. A. Keller,
in a commercial report on this property made in September, 1905, says:

"'Ihe total shipments of ore from this property amounted to approxi-
mately 1,414 tons (ore ancl concentrates), which containeal an average of
approximately 12.2 per cent copper with corrcsponcling silver values. ll'here
ale now. on the dumps, mill tailings, and low-grade ore thrown out from
the mill 8,600 tons (estimatecl) dividecl about evenly betr'veen the tt'o. The
latter goes about 2 per cent copper and the former a little over 1 per cent
(accortling to numerous samplings ancl assays). Therefore there have been
taken from the mine 10,014 tons of ore, which shows an average (by ap-
proximation) of a srhall fraction over 3 per cent copper with correspond-
ins silver values."
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Future of tlLa m,ine.-The clevelopment of this vein certainly has irot
been extensive enou-qh to either prove or disprove its value. So far as it
has gone it shorvs favorable corrditions. The vein is large, \'ery persistent,
and, so {al as explored, reasonably weil mineralized. Taking into consicler-
ation the geologic conclitioirs of this lein, it is believed that further der.elop-
ment work ought to be done, anrl that it may be unclertaken with reasonable
hope of success.

DUR,EY (PER,SON CONSOIIDAIED) MINE.

(|eneral statement.-The Durgy mine is located about ? miles solLth-

rvest of Yirgilina. The rvagon road connecting the mine with the town i..

ltept in goocl condition. The nearcst railroad point is the llollolvay mine.
rvhich is reached by a branch track from the Southern Railway at Virgilina.
This station is about 4 rniles from the mine, but the wagon road is in gootl
conclition. illhe last hauling from the niine (in 1910) ivas done by a steatn
traction engrine ancl heavy tlucks. \\tell-built moclern motor trucks coulC,
a,t reasonable expense, easily talre care of all hauling to ancl from the mine.
Ihere is no immediate water supply ancl the rvater neecled in the operation
of the mine and mil1 is obtained bv pumping from an irnpouncletl stream
about one-half mile west of the mine. Ixcept cluring the driest season"q

ihis supply is amp1e.

Tjmbei: has been pretty rvell cut off from the territory adjoining the
mine, but the surrounding country is still i'vell timbered with both oak and
pine, so that there is an ample supply of timber ancl lumber for all mining
purposes.

The land on rvhich the Dulgy rnine js located was, at the time copper

was discovered, the property of Theron Yancey, and the flrst exploratory
work rvas done by him and under his clirections. ifhis rvas one of the earlv
mirles of the district and u,as in active operation in 1892. The vein at the
places rvhere the first shafts were sunk did not outcrop, but its presence

was made knorvn by an abunclance of quartz cl6bris on the surface. It is

said that the stains of malachite in some of this material turneil up in
plolving \\'ere responsible for the prospecting irhlch lecl to the discovery
of the rich ore, consisting largely of chalcocite, ancl to the opening of the
mine. During this early rvork one shaft vas sunli to a depth of 150 feet
ancl another to 88 feet. The rvork showecl goocl values in the vein and it is

reporteil that considerable ore was taken out. The mine at this tirne rvas

fairly rvel1 equippecl and the shaft was well timbereil. A concentrating
plant rvas erectecl on a small stream about fir'e-eighths of a mile rvest of
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the mine, and cabins and houses were built {or the miners. with things in
this condition the company failed, due, it is said, not to lack of ore, but to
rrismanagement. At the time it rvas known as the yancey mine. The mine
rvas allowed to fill rvith water anii remaineil idie until 1g99 or 1900, when it
u,as purchased b;' a company of New Haven, Conn., men rvho organized the
Person consoiidateil copper anc] Gold n,lines company. 'rhe organizers and
promoters of the eompany, and, at the time of its organization, the owners
of the property, rvere Forclyce Durgy ancl E. B. Beecher, both of New
Haven.

wit"h the organization of this company the active clevelopme't-of the
mine began. considerable prospecting was done on the different veins on
the property anil a nerv shaft-the present workirig shaft of the mine-was
sunli on the main vein, and another on the so-callecl .rDurgy vein,, about
1,500 feet northeast of the main shaft was sunk to a depth of about 100
{eet. A one-hundrecl-torr concentrating plant, c}escribecl fully under the
subject of ttConcentration,', was erected, and the mine r,vas eEripped rvith
modern machinery, air compressor, air clrills, good hoisting engine, etc.
S'-ork was continued, actively at first, but later on in a desultory .way,

until 1908, when the mine was closecl, but not aliowed to fi]l rrith water.
During this rvork little attempt was made to keep development work aheacl
of actuai stoping, and, as a result, when hoisting was stopped, little or no
developed ore remained in the mine, although vein conclitions were favor-
able. Just before closirrg the mine the company apparently saw the folly
of this policy and sunk the shaft 90 feet deeper and startecl some drifts at
a depth of 407 feet from the surface. This work showecl up favorable
conditions, the vein at this depth was strong ancl fairlv well mineralized.
The mine remained idle until 1910 when an agr.eement was macle betrveen
the orvners and the Tennessee copper company uniler .r,vhich this cornpa'r.
bega' rvork. The drifts were driven in the vein for about 850 feet i' each
direction. A considerable amount of ore was opened up in this work ancl
about 100 feet of stoping was done on each side of the shaft. The ore
taken out was shippecl to the smelter at Copperhill, Tenn., where, because
of its high silica content it was usecl for converter linings and as siliceous
material with the heavy sulphide ores from the Ducktorvn mines. This

'.'ori< 
r,vas stoppecl in 1911 and the mine was allowed- to fiIl with water.

'Ihe surface equipment consists of shaft house, power house, machine
shop, mill, clwelling house for manager, and small houses for miners. The
houses are in good repair, but the mining and milling equipment has been
allowed to deteriorate. r

lJ I
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If reports as to savings can be beiieved, the mill as installed and operated

at the Durgy mine was not a success. These estimates, some of them basecl

on assays of the ore as fed to mi1l, and tailings, indicate that, on the average,

the mill did not save o\rer 60 to 65 per cent of the values. Just wherein

the cause for losses lay can not be said, but it is believed to have been partly

in the cumbersome installation, partly in the care and oversight of the

machinery, and partly in the inefficient methods of saving the slimes. The

tailings show values in two forms: ore not freed from gangue, ancl ore

as yery fine particles or slimes; the greater part, hor'vever, being in the fine

particles.

This mine has been more extensively cleveloped underground than any

other mine in the district. The two shafts, one 410 ancl the other 160 feet

deep, make a total of 5?0 feet of shafting. From these shafts a total of

more than 4,000 feet of drifts has been iLriven in the vein, and in addition

a small amount of cross-cutting has been clone at different places in the

drifts. Practically everything accessible in the main ore shoot above the

335-foot level has been stoped out. A smali amount of stoping has also

been done on the 4o?-foot level, the deepest 1evel in this ore shoot' A

second ore shoot is indicateil in the 155- ard the 335-foot levels, respec-

tively, beginning about 500 feet south of the shaft. A small amount of

stoping has also been done on these levels in this ore shoot. Immecliately

south of the shaft the stoped ground is caved {rom the surface down to

the 260-foot level, and much of the area north of the shaft, while not caved,

is inaccessible. Timbering was not as well done as it shonld have been anil

consisted almost wholly of stulls and lagging.

Air drilts ancl modern equipment were used in driving and stoping, and

both overhead and underhand stopes were worked. The ore was in some

instances roughly sortecl underground and as much rvaste as possible

eliminated before hoisting. The ore after sorting r'vas trammed to the

shaft and hoisted in a small skip. From the shaft jt was trammed to bins

at the mill from which it was drawn as neetled.

Geologic relations.-The rock at the Durgy mine is the tuffaceous phase

of thc Yirgilina greenstone with very large fragments, and shows more

clearly its volcano-sedimentary character than at any other opening in the

region. A great part of it shows the usual and normal green color, but here

and there ale aleas that have a dark purplish colol, and in a few instances

fairly massive, somer'vhat porphyritic rock was found. In fact, some of

the fragments are decidedly porphyritic in texture. The clastic nature of
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this rock is well shown by its general brecciated appearance. The frag-
ments are of different colors, many of them green, and a smailer number
show well the purple color above referred to. As a rule all fragments have
been mashed until they are decidedry renticular in shape ani somewhat
like the "augen" i:r a gneiss. The rock for the most part is highly schistose
with here and there areas somewhat massive. The schistosity-strikes about
30 degrees east of north and invariably dips toward the east at angles
varying from 70 to 80 degrees. Much of the rock as it iies on the mine
dump siacks down to a kind of soft bluish micaceous or chroritic materiar.
The fragments in the brecciated or tufiaceous rock are made up of a1I the
different types and colors of the country rock, and in size oary from ress
than an inch to more than a foot in diameter. rn some instances the raree
fragments are much epidotized, in others they are porphyritic, and at-o'st
invariably have withstood the forces of deformation betier than the fine_
grained matrix, which probably was originally volcanic ash.

There is in this mine, as in the Blue Wing mi'e, a prominent diabase
dike, but it does not cut the vein as in the other mine. The dike, the
width of which is not known and which is not exposed on the surface,
forms, in some parts of the mine south of the shaft, a foot-wall of the vein.
The dike is clearly younger than the formation of the vein and ore, and, s'
far as could be determiaed, has had no influence on them. The dike-rock
is solid, hard, tough, and massive, and is intersected by many closely spaced
joints which break the mass up into numerous porygonal bLcks. IVhen it
is exposed to the air there is arso a decided tendency to slack or break up
into small particles. The dike appears to folrorv the vein for a short
distance and then to pass ofi into the wall rock.

There are at least- four, anci probabiy more, veins on the property of
this company which show the presence oi .opp.r. These are the so-caned
main vein on which the only work of importance has been done, the Durgy
vein lying a short distance east of the main vein, the ,.Cross-cut,, vein,
about one mile southwest of the mine opening, anil a smail unopenecr vein
a few hundred feet west of the main vein. Th.y u". all true fiJsure veins
and in all important respects similar to the veins already described. one
of the characteristic features of these veins, also true of lhe other veins of
the district, is the regularity of strike and dip. whether the vein parailels
the strike of the schistosity of the country rock or not it is almost invariably
regular and persistent in its trend. The predominant vein materiar is
massive white quartz with which are minor amounts of epidote, carcite,
chlorite, and fragments and plates of included schist. The yeins are also
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notably persistent, and it is not at all uncommon for one to be traceable'

either by actual outcrop or by well-defined quarlz d6br]s,- on the surface

for a distance of a mile o, -oru. Thus the main vein of this property has

been tracecl, largely by surface d6bris, for nearly, if not quite' a mile' It
is one of the largest and strongest veins in the district, varying in width

from 6 to 18 feet or more, uttd', o* opened in the mine' fairly well min-

eraiized. Its strike is 5 degrees west of north, and, while in places parallel

rvith the schistosity, taken as a whole its trencl is a few clegrees more

northerlv than that of the schists, thus showing clearly that it was clevelopecl

in a fracture-possibly a fault plane, since there is no means of telling

whether or not there was clisplacement along the line of fracture' ITorvever'

like the other veins of the district, this one contains in places as inclusions

nan-r'platesor]aminreoftheschistswhichgiveitakindofbandeclappeal-
ance. It also shows the usual vertical and longitudinal pinches ancl swells'

The gangue minerals of this vein listed in the order of their abundance

are: Quartz, epiclote, chiorite, calcite, and hematite' The ore minerals

in the same order are: Bornite, chalcocite, malachite, azurite, cuprite,

argentite(?), a very little chalcopyrite, klaprothite, and a smal1 amount of

gola. The hypogene ore *inetals are intimately intergrown 'with the

!*ngo, *ir.u"ut. and are probably of contemporaneous clevelopment' The

or. o..or. in definite ore shoots and, in these shows a tendency toward segre-

gation at various places in the vein. In rio place, however' is this segre-

lation complete, *o tttut in the ore shoot verv little or none of the vein is

itotty ba""err. The location of the bunches or areas of ore is irregular ancl

not confined to any one part or portion of it' In some piaces the rich ore

was founcl to lie near the foot-wall, in others near the hanging wall, andl in

still others jt occurred at different places within the vein. The tenclency

towarcl segregation is rvell shorvn by the way the ore came from.the mine'

Three grades were prod.uced: First, that rrhich formed a shipping ore as

it was Loisted; seconcl, that rvhich by hand pickirg or cobbing' thus con-

centrating from 5 to 10 into 1, coulcl be macle into a shipping ore; and'

third, a Jraight milling ore, this last grade constituting by far the greater

part of the oie, probab y ?5 per cent of the total' In a commercial report

on this mine, made b;' Joseph Hyde Pratt, in 1904' the {ollowing state-

ments are made in regard to the character of the ore:

,,There is considerable variation in the value of the ore as it is rnined,

thereleirlg th"ee disiincf ores: (l) Il!?t which makes a shipping ore just

as mined;'(2) that *fti.f, fr"" ft"iclcobbing will make a shipping ore; and
(3) that which is u t"iltirrg ore ancl 'o"ti 

fto^ one to two and one-half
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pe. .gqLt coppel', 
_but_ ;9 scattered through the gangue that there is no

possibility of hand cobbing it into a shipp"ing or.." A .-all amount of the
ore of class l runs f"9q-8 to 1b per_cenf copl]er, from 4 to 11 ounces silver,
ancl from a trace to 0.03 ounces goid per ton. Hand-cobbed ore, which is
obtained by co_ncentrating from 4 to 's into 1, gives a shipping ore con-
taining from 18 to 25 p-er cent copper, ? to 11 oonies silver, #'d oioa to o.os
ounre gold per ton. The milling-ore which t.oniains from 1to 2 ancl one-
hatt per cent copper is concentratecl to_a product that runs p0 to 56 per cent
eopper, E.? to 2p ounces silver, and 0.Og to 0.1? oulce gold per ton.. There is but a smali percentaee o{ shipping ore ancl lt is ftre milt_
ing ore that will cletermine the value of the mine.r, 

-

n'rom inspection and carefuly study of ail available data, for the most
part, actual smelter returns on carload shipments of ore and concentrates,
on the ayerage copper content of the run-of-mine ore, it appears that these
statements of Pratt are essentially correct, and that the average copper
content of all ore hoisted has been between two ancl three per cent.

rn this mine as in ail others in the district a certain amount of min-
eralization has taken place in the walls adjoining the 'ein. rn mining it
is, .therefore, necessauy alwal's to keep close watch on the walis at the
rrontact with the veins or values may be left.

The relation of the copper minerars of this mine is similar in ail
respects to that of the same minerars in the other mines of the district.
Excepting a certain amount of supergene or .qecondary charcocite in the
upper portion of the vein. the sulphides are ail rrerier'ed ro be primary vei'
minerals and of conternporaneous deposition. Bornite, which is the most
aburrdant ore mineral, is intimately intergrown with the charcocite and
similar in all respects to the intergrorvths described fr.om the Bl'e \[ing,
High Hill, and Seaboard mines. Chalcopyrite is 

'ery rarely founcl, ancl
not only is there no indication "whatever that it formed the original copper

'rirteral and that the richer sulphides *er.c creri'ed from it, iut there is
abundant evidence to show that the bornite and charcocite are hypogene
minerals, and in no way reratecl geneticarly to the chalcopyrite or ally
other copper-bearing mineral.

The form in which the silver occurs is'not definitely rinown, but micro-
scopic study of polished sections o{ the ore incljcate p".ttv .t.u"ty that it is
present as argentite. The silr'er value is variable, but is usuaily from 0.g
to 1 ounce o{ silver to p per cent of copper. It is intimately associated
with the copper-bearing sulphides anil alwal,s concentrates with them. The
solal content is so io'* that there is ,ro way of rletermining definitelv the
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manner of its occurrence. It is known to occur in the native state in cer-

tain mines in the district and is assumed to occur in that form in this mine.

To give a corect statement of the tenor of the shipping ore ancl con-

centratJs, so far as is known to the writer, the following table, in which is

shown the amount of ore sampled and the assay value in coppel, silver, and

gold, is inserted. The f.gures are the actual smelter returns and {ormed

the basis on which the smelters made payment for the ore. some of the

assays were made by Ledoux and Company, New York City, anil others

by tie Eustis Smelting Works, Norfolk, Ya. The table covers shipments

ranging from 1902 to 1905, and thus shorvs the character of the oles as

they occurrect throughout a good portion of the ore shoot'
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Assays of Ore and, Concentrates from Durgy M,i,nu-Bmelter Beturns.

Date Cu.
Per cent

Au.
Oss.Oas,

Ore
Pownds

I 902
Aug. 23.,' 23. :.:::..
Sept.12.

" t2.
" 12.

I,

,, 9.., oa

June 4......,. 2.n

July 13.
lo. . . , ,,' 24.

Aug. 17.
Sann l9

8,

5.
18.

Oct.

Nov.
Dec.

1903
Jan.

Feb.

Mar.

May

Sept. 14.
" 14.

59,774
73,081
10 tc,
16,09 6
13,7 57
60,299
42,029
54,799
37,765

46,727
53,836
51,100
49,918
56,992
45,400
54,277
53,7 57
52,662

27,151
56,241
55,778
2r,936
32,0t2
52.597
54,985
59,r25
46,524
58,144

49,401
L/" n1 1

39,806
43,7r2

24,616
31,406
49,945
32,850
22,770
51,804
29,969
oa oao

60,625
77,166
43,723

25.56
13.85
r3 .41
17.66
32.60
o7 a.)

44.9r
39.55
35.63

32.25
9.56

o^ 1q

3I .64
15.22
29.82
27 .20
26.49
23.74

23.67
24.79
24.t9
20.37
21. 19
,1 0x

20.33
24.04

I0.82
10. 2I
12.09
9.07

19.98
41. 19
38. r6
18 .44
37.03
39.27
13.02
38.9
9.45

35.49
11.14

11.99
7.49
,).:t
770

13.83
\t .55
20.
17 .37
15.20

14.6I
4.49

e:68
13.23
o.J+

r1.97
]2.06
II.8I
10. 21
12. 1l
11.30
10.44
17.25
r1.03
9.69

r0.
Y.DD
9.33

10.92

4.r7
4.L4

":d'

,,:,

.01

.01

.02

.13

.04

.01

. Ul)

. TJOD

.07

.075

.01

dt
.07 5

Oct.

le04
t{ir

. Ubl)

.07

.08

.03

.07

. (,DD

. r05

. tr5

.05

.o45

.045

. ut)

.07

.o45

.015

.02
n. d.Jlur.e 27.

July 20.

1905
Apr. Il
" 17.

NIay 8.. ....
" 27.
', 27.

Jlcr'e 24.
July 28.

.. ,9,
\rro ,." -b'
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In this mine as irr all other niines of the district the values are not
evenly distributed linearly throughout the vein, but occur in certain places

in it as definite ore shoots. 'Ihus far there have been three such shoots

discoverecl in this vein, two at the main rvorkings, and one at a small pit
near where the wagon road crosses the vein about 1,000 feet south of the

main shaft. Orrly one ore shoot, that at the main shaft, has been developecl

to any important extent. It is nearly 500 feet in iength ancl extencls from
the surface to the deepest rvorkings of the mine. The work thus far clone

will not warrant any statement as to its pitch. The small stopes on the

155- and 335-foot levels, respectively, seem to indicate a second anaL

probably smaller ore shoot, but the work done rvill not justify anY very

definite conclusions and this may be part of the majn ore shoot. Such

data as are available indicate an ore shoot at the pit near the roadside

about 1,000 feet south of the main shaft. The quartz ancl other r eil
matter in the dump at this pit contain good showirigs of the green car-

bonate, and a few specimens conta.in more or less of the sulphides, Jargely

chalcocitc. Supporting this rurnrisc is ihe fact that iLr the heading of the
.335-foot level south, carefully coliected samples across the entire vein shorv

,a littie over 2 per cent copper and 1.62 ounces of sih'er per ton- Tire

vein is strong in this territor:y and all inclications point to the probabilitl'
,of another ore shoot.

Ptod,uction.--There were no means of ascertairring the total production

of the Durgy mine. It has, howeYer, been one of the largest producers

of the district. It is stated in an article by L. N. Whitee that in 1901

there were on the [lump ancl blocked out irr the mjne reacly for: stoping

about 20,000 tons of ore. The mine was in operation the greater part of

the time between 1901 and 1904, r.vhen J. Par:ke channing riacle a com-

mercial report on it. It is beliei'ecl that the greater part of this ol'e rrtrs

stoped out d.uring the interval betrveen these dates. In his report l{r.
Channing said:

..I estimate that thele is c,ontained itr the nrine rearlv for' .qtoping about
48.000 tons of ole containing ? per cent copper and 0.9 ounce sih'er per ton."

Between the clate o{ Channing's leport, 1905 ancl 1911, all i'he ol'e

that 'was blockecl out reacly for stoping at the time of the examination rvas

broken alcl hoisted, and a consiclerable amor1nt of ltew rvorli including

stoping was clone.

"Ilining :rld lletalluigr', \io1. 24, 190I, pp. 635-639.
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Futu're of the rnine.-Ls the Durgy mine stands to-clay it is little
better than a partially developed prospect. It is true that large bodies of
goocl ore have been taken out, but development was not kept ahead of
mining and as a result there is at present very little ore actually in sight.
'Ihe future of the mine, therefore, depends upon the amount and grade
of ore that further development will open up. Taking a1l things into
consideration-the amount and grade of ore produced, the strong ancl
persistent vein, the well-mineralizecl ore shoot which has been workecl
from the surface to the 335-foot level, ancl the two other probable ore
shoots which have not been developed-it is believed that further pros-
pecting and development rvork would certainly be aclvisable, and that it
can be unclertaken with a basis for a hope of rehabilitating the mine b.v

locating valuable ore boclies.

In regard to future procluction frcim the Durgy mine Channilg says:

"From a serigs of calculations and froni an inspection of the maps, I
arn of the opinion that the average graiLe of ore to be expected frorn the
Durgy mine will contain 2 per cent of copper aniL .09 ounce of silver per
ton, and will contain ?0 per cerrt excess silica. I figure that the cost- of
rnining, including development, which I har-e estimatccl at 35 cents, will
amount to one ilollar ancl seventy-fir.e cents per ton of ore n.rined ancl
shipped.

."I am of the opinion that, from its present development, the rnire can
easily produce 30,000 tons of ore per annum. The vein is rvell clefinecl ancl
persistent and f believe will hold out in depth. In fact, in veins of this
characler I think rhar thc lreller nreasure of their value is their canacitv
for production rather than the exact number of tons of ore which mav bb
developed ancl in sight in the mine, this latter being entireiy clue to- the
caprice of the particular owner or manager.,,

'l'here are a few items that ought to be borne in mincl when consiclering
the question of future profitable operation of this mine. They are, that
the ore occurs in definite ore shoots, and that while certain portions of the
shoot may contain high-gracle ore, by far the greater part of the ore is low
gracle, probably carrying litUe over 2 per cent of copper, and that upon
the ability to hanclle this milling ore satisfactorilv tlepends the success of
the operations. It u.ill, therefore, be necessary to handle.large quantities
of ore antl to mal<e a high saving of the values in the mill. n'urther sug-
gestions and data on this subject are gir.en in the chapter on concentration
of the ores.
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DUKE MINE.

General statement.-The southernmost mine in the district is about 15

miles southwest of \rirgilina and is known as the Dul<e mine (formerly
the Tingen mine). These prospects were opened and actively worked at

the time of the copper excitement in the district during the late nineties.

The rock is the normal greeristone schist of the district, possibly a little
more "slaty" in appearance than the usual rock. There is much epidotiza-

tion and some of the rock shows the puralish color so characteristic of

these schists.

Gaologi,c t'e,lati,ons.-There are a number of veins on this property, ail

of which show traces of copper. The greater number of the veins appear

to follow the schists in dip and strike, but some of them clearly have a

more northerly trend than the schistosity of the country rock. There

appear to be the normal irregularities as to width, and pinches ancl swells

both horizontally and vertically.

Two shafts have been sunk beyond the pit stage. These are the main

or Hicks shaft, which is about ?80 feet cleep, anil shaft No. 3, about 225

feet deep. From the Hicks shaft two levels, one at 100 feet the other at

261 fleet, have been broken off. The 100-foot level has been clriven in the

vein about 200 feet to the northeast and about 50 feet to the southwest

from the shaft. The 26?-foot level has been driven in the vein about 60

feet to the northeast. No stoping of any consequence has been done. From

the 26?-foot level cross-cuts have been clriven each way at right angles to

the vein, the northwest being 240 leeL long and the southeast about 120

feet. It is reported that the northwest cross-cut intersected at a clistance

of about 85 feet from the shaft a narrow vein carrying high values in
both copper ancl silver, and some gold, and at a distance of about 235 feet
another similar vein was found. No development w'ork was done on either

vein. Only one vein was intersected by the southeast cross-cut, this was

about g0 feet from the shaft. The main vein is the typical quartz vein of
the district, about 4 feet wiile, but only slightiy mineralized. It is said that
the shaft showed good values for the first 80 feet, but that below this point
the vein became lean with rich spots here and there. Tn its widest part
this vein is about 8 feet.

Shaft No. 3 is in a narrow but well-mineralized vein, said to varY from
l-8 inches to 4 feet. Only one leve1, the 100-foot level, has been driven from
this shaft. This has been driven in the vein 120 feet to the northeast ancl

about 60 feet to the southwest. Below this level the shaft has been sunk
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125 feet. From the northeast drift a stope about ?0 by 80 feet has been
worked ouf and from the southeast drift the ore from a similar stope
about 20 by 40 feet has been broken out and hoisted. The workings were
not accessible for study at the time of the examination but from reports,
and judging from the character of the ore and other material on the
clump, the shaft must have been sunk in a small but v'ell-mineralizecl ore
shoot. The gangue minerals are similar in both shafts ancl consist of
quartz, epidote, calcite, chlorite, and a small amount of hematite. The
ore minerals are also similar and are bornite, chalcocite, malachite, anilite,
and a little cuprite, with a few specks of chalcopyrite here and there. The
bornite and chalcocite show the microscopic intergrowths typical of the
ores of the Virgilina district, and are believed to be hypogene or primary
minerals ancl contemporaneous in development.

Future of tlte m'i,ne.-It is believed, that, while the development work
has not been very extensive, enough has been done to justify a statement
in regarcl to the future of the mine. At least two ore shoots have been

proven to a greater or less extent, one at the Hicks shaft ancl the other
at shaft No. 3. These may be expected to continue with depth allowing,
of course, for variations in value. It may be expecteil that the veins inter-
sected in cross-cutting from the Hicks shaft will develop values, but more
work must be done in order to prove them. The mine appears to be in
fai:rly good condition, and, taking everything into consideration, wouid
certainly be regarded as a favorable prospect in which more development
work ought to be done. The property is said to belong to Mr. Brodie Duke,
of Durham, N. C.

PROSPECTS AND PARTIAf,LY DEVELOPED MINES.

NOR,TI{EAST SEAFT.

The opening on the so-called ttDurgy" vein, knowr as the northeast
shaft, is located about 1,500 feet northeast of the main shaft of the Durgy
vein. The shaft was fiIled with water and, there{ore, not accessible at the
time of the field investigations, but there was, however, a consid.erable
quantity of high-grade ore, consisting almost wholly of chalcocite, in a pile
near the shaft. Judging from a small outcrop near the shaft and from such
data as were available, this vein is narrow, probably not more than 3 feet
in lvidth, but well clefined, ancl can be traced for over one-half mile by
qtartz d6bris on the surface. It is parallel to the main vein in strike, thus

t+\
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cutting the schistosity of the country rock at angles varying from 15 to ?0

clegrees. The shaft is said to have been sunk to a depth of 100 feet, ancl

from the bottom a drift has been broken off, but very little stoping has

been done.

'Ihe ore is nearly pure chalcocite, only a very little bornite having been

noticetl, in a gangue preclominantly of qtartz with small amounts of
calcite, epidote, chlorite, ancl inclusions of the country rock. There is
here considerable evitlence that some of the included schist fragments have

been in part replacecl by quartz. The indications are that the chalcocite
is largely supergene ancl seconclary, havilg replacecl bornite, and it is

probable that with clepth the ore rn ill become similar to that o{ the main
shaft. But littte can be said as to the value of the ore or the extent of the

ore shoot. I{owever, it is certain that the shaft is located in an ore shoot

of considerable promise.

TIIOMAS MINE,

The Thomas mine 'was opened about the time the first development

r,vork was done on the Holloway mine. It rvas thought at that time that
the trvo openings were on the same vein, but, so far as the writer coulrl

determine, they are on separate ancl distinct veins. The Holloway vein

has a trend of approximately north 15 degrees west, while, so far as could

be deterrnined, the Thomas vein has a noftheast trend. tr'urthermore the
location of the Thomas mine r'vith respect to the llolioway renders it all
but impossible for the two to be on the same vein.

The early work in the place was done by I[. T. Harris and Henry
Hvde. Later the property rvas sold to \\4ritney ancl Stevenson, a Pitts-
burgh firm. At the time of the field work the shaft had partiallv caved

and was filled with water. Yery little could be learnetl as to richness ancl

general conditions of the vein, except what coulcl be surmiseil from a study
of the clump. It appears that the vein rvhere openeil was not strongly
mineralized and that very little ore was produced. Careful search of the

clump was made for ore, but not a single specimen could be found, due,

perhaps, to the care with which the operators separateil the ore from the
rvaste material. It is stated that a few tons of ore were produced and

-ehippeil.

Two interesting items were noted in regard to the material from this

irospect: The decicledly porphvritic character of the rock, and the numerous
inclusions of frag'ments and plates of country rock rrithin the white qvartz
of the vein. The courrtrv rocli at this place appears to be the most nearly
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typical porphyritic andesite found in the district. Indeed, it was from a

study of material from this place that the true nature of the rock was f.rst
recognized by trVatson and 'Weed. The inclusion of plates ancl irregular
fragments of country rock give certain portions of the vein the appearance

of having been deveioped in the torrr-apart or rifted schists. Some of the
fragments are fairly fresh rock, others are largely changed into chlorite,
while still others show evidence of partial replacement by quartz. Figure
16, taken from Weecl'sa "Types of Copper Deposits in the Southern lJnited
States," illustrates these inclusions.

Fig. 16.-Sketch of a specimen from the Thomas vein, showing areas of schist en-
closed in the white quartz. Specimen contains no ore. Three-fourths of natural
size. (After W. H. Weed.)

CROSS.CUT MINE.

This so-called mine is only.a shallow prospect shaft probably ?0 or 80
feet deep in h vein which outcrops rather strongly about one mile south-
west of the main Drirgy shaf! and which has a trend of north 30 degrees

west. The schistosity of the country rock is about 30 clegrees east of
north, hence the name "Cross-cut/' yein or mine. But little coultl be seen
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in the way of ore or vein matter, but there were very prominent stains of
malachite in some of the material on what remainetl of the clump' The
opening is in the bed of a small stream, dry during most of the year,

but running freely during the rainy season, ancl nearly all the material
taken out of the prospect has been washed away. It is reported that so far
as the work went conditions were favorable. However, the vein is small,
and about all that can be said in favor of the place is that by further work
there is a possibiiity of fincling a pay ore shoot.

A short distance southwest of the Cross-cut prospect are a number of
quartz veins, usually small, which show copper stainings, anil prospect
pits have been made in a few places, but no development r'vorl< has been

done. One of these veins is parallel r'vith the Cross-cut vein. On this vein,

which is crossed by the public roaal and the small branch at the same place,

a prospect shaft has been sunk, and a small amount of country rock and
vein matter has been taken out. The material carries a small amount of
ore, but nothing of much promise was seen.

Between the main shaft of the Durgy mine and a smal] stream about
one-fourth mile northwest the public road crosses two prominent and

well-defined qaartz veins, each of which shows copper stainings. No
development work, however, has been done.

sABNES MINE.

The Barnes mine, which in reality is only a prospect showing a small
deposit of copper ore, is located on the east bank of Roanoke River, in
Charlotte County, Virginia, about 8 miles from the junction of this river
with Dan River, ancl about one mile south of Mass' Feuy.

It is not known when or by whom the prospect was first opened. There
are rumors and traditions that the place was opened and that ore was

extracted ancl reducecl at the mine between 1?00 and 1?50. There is some

eviclence to support the statements that the place was workecl years ago,

but as to the date of the working nothing is known. The statements in
regard to the early work as made to the writer by John K. Taylor, of
Redoak, Va., who was present when the first work known to the present
inhabitants of the region was done, are as follows: In 1880 or 1881, when
some men lvere prospecting the quartz vein on which the mine is located.,

they opened up an old and unknown shaft, the opening of which had been

walled in and covered with soil. This shaft was 5? feet deep, and from the
bottom a drift 28 feet long led into a chamber or room 84 feet long and
16 feet wide and 18 feet high or clgep, the floor of which was 35 feet below
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the drjft. In each end of this chamber there was a well or pit, one of
which v'as 35 and the other 24 feet deep. In this chamber rvere fountl the
remains of tools such as pick axes and shovels 'lvhich hacl been usecl in
the 'lvork. No dump nor any other surface indications of this work rvere

visible, except a small amount of clinkers, cinders, or slag, many specimens
of rvhich show copper stainings.

A small amount of prospect work was done in 1881, but the place was

soon abandoned. In 1898 the workings were again cleanecl out and a little
more prospecting done. The property is owned by James A. Barnes, of
Redoalr, Va.

'Ihe rock is the normal greenstone schist of the region, similar in all
respects to that at the other mines. The stril<e and clip of the schistosity
are north 30 clegrees and 70 to 80 degrees to the southeast, respectively.
The vein is predominantly of quartz, with epidote and calcite, varies from a
few inches to 4 or 5 feet or more in width, and in strike and dip appears
to follorv the schistosity of the country rock. The ore consists of bornite
and chalcocite, carries small values in silver and gold, and is apparently
similar to the ore from the other mines in the district.

A short clistance north of the Barnes shaft is another prospect shaft on
the same vein knorvn as the MacLerL,n shaft. The vein is narrow, and at
the shaft not strongly mineralizeil.

McNENY MrNE.

In the extreme northeastern part of the Yirgilina district, a short
clistance southwest of Keysville, Ya., there are a number of copper pros-
pects which shorr rock, veins, ores, and general geologic conditions similar
in all respects to those jn the central ancl southern portions of the district.
'Ihe most important and the best developed of these prospects, at the time
the field work on this report was done, is known as the McNeny mine.

The McNeny mine is locateil on the Reese Fork of Twitty Creek about
six miles southwest of Keysville and four miles east o{ the town of Drakes
Branch. The openings, two in number, were made in a narrow qrartz
veirr in the normal greenstone schists-altered basic volcanic tuff-similar:
in a1l respects to the rock at the Iligh Hill, Ilolloway, Blue 'Wing, 

and
other mines in the central portion of the clistrict. The mine is on land
belonging to a Mr. McNeny.

At the time of the field examinations for this repod the mine was not
in operation, the shaft was filled with water ancl consequently not accessible

I +i)
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for study. The statements here made are, therefore, based upon such data
as could be obtained. from an examination of the ore pile ancl dump, and
from people who worked in the mine when it was in operation. The
principal shaft is said to be about 150 feet ileep, ancl to have beer sunl< in
the vein. Little or no outcroppings of the vein were visible at or near
the shaft, which was located in low ground near the creek. The vein is
indicated on the surface both north ancl south of the shaft for a con-

siderable distance by quartz d6bris. It appears to be nar"r'ow-from a few
inches to four feet in width-anil to present the usual irregularities such
as pinches and swells and to follow the country rock in strike ancl dip.

The predominant gangue mineral is a harcl, vitreous, white quartz,
with a small amount of calcite, epidote, chlorite, and a little hematite. The
ore minerals are bornite and chalcocite, similar to that from the other
mines in reli,tion anil position in the vein, and in their relations to each

other. The vein, while apparently pretty well mineralizecl-estimaterl to
caruy between ? and 3 per cent copper-ib so narrow that the mine from
present development can not be regarded as anything more than a favorable
prospect.

. DANIEUS MINE.

About one ancl one-half miles northeast of the McNeny mitre, and

probably on the same vein, are two prospect pits or shallow shafts known
as the Daniel's mine. The vein is a well-defined quartz vein which shows

considerable copper staining and in some of the materia] from the pits the
sulphides still remain. The country rock, vein, ores, and their relation to
the gangue, are similar in all respects to those of the largest mines in the
district. The vein, however, is rather narrow, 2 to 4 feet and with the
present development the place can not be regarded as anything more than
a prospect.

GIILTAM MINE.

The so-called Gilliam mine consists of a few prospect pits on a narrow
but well-definecl quartz vein paralle1 to and about one-fourth mile east of
the Daniel vein. The conditions of vein, rock, and ores are similar to
those at the Daniel's mine. There has not been sufficient development
work to warrant any statement as to the permanent value of this prospect.

WIISON MINE.

A prospect pit in a qtartz vein about three-fourths of a mile northeast
of the Gilliam prospect is knolvn as the Wilson mine. The vein is natrow,
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aricl shows consiclerable copper staining, but from the small amourit of rvork
doue nothing can be said as to what future rvork may develop. This pros-
pect appears to be on the same vein as the Gilliam prospect, although it
u'as not possible to trace it through from one to the other.

CRENSHAW MINE.

On lleese Forl< of Trvitty Creek, about a mile above the l{cNeny mine,
are a few prospect pits known as the Crenshaw mine. These were sunk on
a narrow, but fairiy well-defineil quartz vein, which follorvs the strike of
the schists and r,vhich can be tracecl on the surface by quartz cl6bris for
about one-fourth mile. There is considerable copper staining at the pros-
pect, which also shorvs some of the typical Virgilina sulphicles, bornite
and chalcocite. The small amount of .u'ork done will not justify any state-
ments as to the permanent value of the place.

. GROVE MrNE.

About one-half mile northeast of the Wilson prospects are two or three
prospect pits known as the Grove mine. The vein is narrorv, but well
defined anil traceable on the surface for about one-fourth mile. The
material taken out shorvs the usual type of ore of the district. Only a little
work has been clone and consequently nothing can be said as to its
permanent rralue.@

" Since the field 'lvork on this report 'rvas comnleted the Grove mine has been
tlt'r'cloped io the stage where it is norv the largest'mine rn,l the onlv producer in
the northeln portion of the Virgilina district. It has been developed bv three
shafts having depths of 60, 85, and 160 feet, respectively, distributed within a
distance of 300 feet along the vein. The rvorking or 85-foot shaft, rvhich is an
incline, has a total of 650 feet of clrifts turned off from the shaft at the 60- ancl
8S-foot levels. The 60-foot shaft, also an incline, located 160 feet north of the
S5-foot shaft, is ccnnected r'vith the latter bv the drift on the 60-foot level. The
160-foot shaft, a vertical shaft sunk in the hanging wall, is being sunk to catch
the vein at a depth of 200 feet,

The vein is traced on the surface for a distance of about a quarter of a mile.
strikes N. 35' E. and dips 75' S. E., and varies from 4.5 to 5.5 feet in width. So
far as developments have extended the vein appears to increase in width rvith depth.
In compositicn and structure the vein is of the normal Virgilina type. Bornite and
chalcocite are the principal ore minerals. A little chalcopyrite ancl the oxidized or'
carborate ores, malachite and azurite, occur.

The ore is hand picked, hauled by team a distance of 1,800 feet to a spur track
from the Southern Railwa,v, and shipped to the smelter at West Norfolk. Since
Octcbcr l, 1916, the total. shipment of ore will probablv not exceed 2,500 tons nei
dry weight. (From notes taken by S. Philip IIoIt of the Virginia Geological Sur'
vef in a recent examination of the Grove mine,)



148 GEOLOGY AN,D ORI' DNPOSITS O!' tfTE YIRGILINI DISTRICT'

KAY MINE.

About one-fourth mile south of Dan River and about one mile belorv

the mouth of Bannister River are three or four prospect pits :rntl tvo
shallow shafts whjch are know as the T(ay mine. The place is orvned lrr tlie
Kay Mine Smelting Company, arr organization incolporated urrclcr the larvs

of South Dakota, and having an office at Omega, \ra. Otrlv a smal1 arnount

of work has been clone and even this in an unsystematic manner. At the

time of the field n'ork, nlost of the openings rvcre filled with rvater and

inaccessible, antl there ri'as thus litt1e opportunitv to study the veins and

OIES.

'I'he courrtlv rocli is the mashed aud alterecl "sanily tufi," or Aarort

slate, that is, a rock tuacle up of basic volcanic ash anc'l tuf{ rvith t'}iich, at

the time of its deposition, there rvas intermixed more ol lcss terrigelous
material consisting of grails and fragments of quartz, mud, ancl other land

lt'aste. This tvpe of lock is fully described in the chapter on the detailed

description o{ the r:ocl<s of the distr:ict. It is lare incleecl in the \rirgilina
district that ore is found irr this formation; in fact, the Kay mir.re is the

orily prospect, so fal as krown, that is locatccl in it. Quartz veils are about

as numerous in this lock as in the Yirgilina greenstone, but for sonle rcasoll

they do not appeal to hayg been mineralized as they rvere in the gl:eenstorie.

As far as coulrl be rleterrninecl the vein or r.eins at this mine are neitherr

regular ror ve.L-i rrell tlefir.recL-certainlr- not like the tr-pical r'eirls of the

district. It js true tliat there is a considerable amount of quartz and that
the greater part of the ore occurs in it, but t't appears to be somervhat

ir:regularly developccl and not to lie in the usual legular veins ri'ith well-
nrarked walls. A corr-qiclerable amount of mineralization has taken place in
the country rock. Irr fnct, it appears that a r,elv impotrtant amount of the

ol'e occurs outside o{ the quartz areas.

lllhe ore is of the typical \iirgilina type-that is, it is a mixture of
bornitc ancl chalcocite. hi ar.ldition to the sutrphicles there is a consiilclable
rlevelopment of malachite, a srnall amount of azurite, anrl here arrcl ttrere
a little cupritc. Assays of selcctecl ore 1un flom about 4 to altout 30 per

c-cnt coppcr, frorn l and 1.5 to ? ourrces of -qilver, ancl as high as .05 ttL:Lrtce

of gold per ton. There has not been cnough clelclopment rrork to rvan'artt

any.statemerit as to the probabilitics of there beirrg:t large deposit of ore

at this p.lace. All that crarr bc safe11, saiil is that thc u-orl< thus far ilone

shorvs up a srrrall and irrcgular ]roch- of ole rvhich, urtles.* ruoLc can be

dcveloped, rvill be rvorthless. The place must bc regarded merely as a

prospect untii sufficjent work is done to either l)rore ot't1i-splole tlic size

ancl value of the deposit.
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CIIAPPELL MINE.

llhe Chappell mine, or rather Chappell prospect, is located almost on
the bank of Hyco River about two miles west of the High Hill mine. The
clevelopment consists of two shafts, 8? ancl b5 feet deep, respectively, and
about 125 feet of drifting. Shaft No. 1, nearest the river, is 5b feet deep
and from it about 25 feet of drifts have been clriven. Shaft No. Z, about
150 feet south of No. 1, is 8? feei deep ancl from it about 100 feet of
dri{ts have been clriven. 'Ihey are located in a narrow, but fairly well-
mineralized quartz vein, and are both probably on the same ore shoot. Both
shafts were filled with r,vater when the fielc1 investigations were macle antl
he'ce inaccessible for study. There was, however, a consiilerable pile of
fairly high-grade ore in a dump near the shafts, and it is reported that
l'hile the vein is narrow it is well mineralized. The country rock, vein,
and ore are of the usual type of the district. There is also a prospect pit
about 1,000 feet south of shaft No. 2. The material on the dump at this
place show,s rnore or less copper staining, but the rvork is.not extensive
enough to determine anything in regaril to its value. This is also true of
the ileposit as a rvhole. The development work has not been extensive
enough to either prove or clisprove the property. The best that can be saitl
fol it is that it is a fairiv far.orable prospect.

PONTIAC MINE.

The Pontiac mine, formerly lrnorvn as the .'Tuck property,,, is located
about 6 miles northlvest of \rirgilina and one ancl one-half miles r,r'est of
Moffett post-o{fice. It is reached by fair wagon roads, and is as accessible
as the High Hill or Seaboard mines. There is no immediate rvater supplv,
but there is a small stream about one-half mile northwest of the property
that by impouncling could be made to furnish sufficient water for mining
purposes, but wouid have to be pumped to the mine. The timber conditions
are similar to those at the High Hill or Seaboard mines. There is an ample
supply of both oak ancl pine for all mining purposes.

L'he veins of this mine were located sometime betrvcen 1895 and 1900.

'\ little later the Pontiac Mining Cornpanv, the present owner, acquired
the property ancl began active development work which continueiL until
1903, when all work was stopped and the shafts allor,vecl.to fill with water.
No work has been done since that date and the property has been dis-
mantled. Two shafts were operated, one on the eastern vein rvhich appears
to have a trend of 4 or 5 clegrees rrest of north, ancl known as the Glasscock
shaft, and one on a smaller vein about 1,000 feet west of the Glasscock,
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known as the Tuck vein, which name li'as also given to the shaft. The

trvo veins are very itifferent in character ancl jn the ore they produce.

The Glasscock vein is irregular in rvidth, strike, ancl dip, contains much

epidote and in places only a moderate amount of quattz; in fact, it is

reportecl that in places there was little vein rnatter of any l<ind unless the

epidotized country rock in which the ol'es occllrred coulcl be regarcled as

the vein. The ore, too, is d.ifferent from the usual ores of the district, in
that chalcopyrite is present in considerable quantity, making up about

one-third of the ore, the other tivo-thircls being bornite ancl chalcocite.

The minerals of the gangue, namecl in order of their abundance, are;

Epiclote, quartz, chlorite, calcite, and hematite, which is present only in
small amount. The ore minerals in the same orcler are: Chalcopyrite'
bornite, chalcocite, malachite, azurite, covellite, ancl cuprite. Covellite,

cuprite, the carbonates, and a part of the chalcocite in the upper portion

of the vein are supergene minerals cleriveil from the hypogene chalcopyrite,

bornite, ancl chalcocite. The relations of chalcopyrite, bornite, ancl chal-

cocite make it reasonably certain that the three are to be regarcled as hypo-

gene or primary minerals, at least in part primary, so far as bornite and

chalcocite are concerned. Many specimens of chalcopyrite showing altera-

tions to chalcocite and covellite, and, in a fei,v instances, doubttully, bornite

was noted on the dump, but it is believed that much of the bornite and

chalcocite is hypogene and primary, and contemporaneous with the chal-

copyrite. l{any irregularities such as broken ground, mud seams, varying

values, and different kinds of vein matter wele noted in sinking the shaft.

So far as there are data on which to base possible explanations of these

phenomena, it is believecl that they represent breaks ancl joints formed at Ure

time the fissure in which the ore occurs was formed. The vein was for the

most part ilevejloped in the fissure 1vhich crosses the strike of the schists, but
when the fissure was formeal the schists were more or less disturbed and

torn apart, and, when the vein and ores were deposited, some of the deposi-

tions and alterations took place in the broken and rifted schist in the

immediate vicinity of the fissure.

This shaft is 203 {eet deep and one drift was broken off at 86 feet from
the surface ancl driven about 50 feet to the south and 20 feet to the north.

Conditions as regarcls ore are said to have been promising, bnt the vein.

which varies from 2 to 6 feet in width, is reportecl not to have had well-

defined',valls and to have been difficult to follow.

There was no \vay of ascertaining the total amount of ore producecl by

this prospect. A pile of good ore representing several thousand pounds
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was lying on a platform at the collar of the shaft, but how much more, if
any, the mine proiluced is not known. It is not advisable to make any
statements as to the future of this property until mor'e exploratory work is
done. As things now stand the place must be regarilecl simply as a fairly
good prospect.

The Tuck shaft is about one-fourth of a mile southwest of the Glasscock
shaft and is on a separate ancl distinct vein. The country rock is the
normal greenstone schist, but contains less epidote.than that at the Glass-
cock shaft. The vein is narrow, r'aries from a ferv inches to about 3 feef
and appears to follow the schists in dip and strike. The most abundant
gangue mineral is quartz which makes up at least 80 per cent of the total
vein. The ore and gangue minerals are similar to those at the Durgy
mine ancl their relations to each other are typical of the district. The
shaft was fiIlecl with water at the time of the examination, but, judging
from the ore pile and the clump, the vein while narrow seems to have been

weil mineraiized where opened by the shaft. Until more work is done this
mine, like the Glasscock, must be regarded only as a fair prospect.

PANDORA MINE.

About 6 miles.north o{ Virgilina ancl about 1 mile south of Moffett
post-office is a shallow prospect shaft known as the Pandora mine. No
rrork has been done at the place for a number of years. At the time the
field work was being done the shaft was filled with water, and about all
the data available as to the character of the vein and the ore .were a few
conflicting stories told by people in the vicinity and such inferences as

could be drawn from examining a small amount of material on the surface
at the shaft. The rock is the ordinary greenstone schist of the district
some'rvhat more epidotized ancl not quite so highly schistose as usual. The
ore, a small pile of rvhich remained at the place, consisted of borrrite and
chalcocite with small amounts of the carbonates, and a little cuprite occur-
ring in both epiclotized country rock ancl qrrrartz. A small amount of well-
crystallized plagioclase feldspar, apparently albite, was notecl in some speci-
rnens as a gangue mineral associated r,vith the ore in quartz. So far as

coulcl be determined it appears that there is no regular and well-defined
vein. The shafts seem to have been sunk in epiitotized ancl somewhat
mineralizecl area of the country rock. {Intil further: c}evelopment work is
tlone the place must be regarded as a prospect of doubtful value.
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MORONG MINE.

The so-cal1ec1 "Mother lode" mine of J. G. Molong is located about
three and one-half miles due north qf Yirgilina. The shaft which is re-
ported to be about 150 feet deep is located on a strong and well-clefineil
quartz vein of the usual Virgilina type, which can be tracecl in the surface

by actual outcrop and quartz d6bris for more than a mile. So far as could
be <letermined from an examination of the material on the dump and from
reports of men who rrere familiar with the place when the work was in
progless, it is beiievecl that no ore of commercial value was founcl. At least

there is no eviclence in the material now on the surface at the shaft of any

such ore. The vein shor'vs copper stainirrgs in a number of places, airtl it
rnay be that further rlevelopment work would expose more favorable concli-

tions, but, until such rvork is done, the place rnust be regarded as merelv

a prospect of very iLoubtful r.alue.

. BAYNHAM MINE.

The Baynham prospect or mine as it is callecl is located about 8 miies

north and a short distance east of Yirgilina. It consists of a clilapidated
and partially cavecl shaft around the collar of which is a small dump

consisting of schistose greenstone-the usual country rock-ancl a small

amount of vein material, quartz, epidote, chlorite, etc., some specimens of
which carry a little ore of the usual \rirgilina type. 'Ihc piace has lorrg

sjnce been abantloned and no data, other than that obtainable from the

clump, were available as to the conditions of vein and ore. Tt is, thelefore,
regarcled as a prospect of doubtful value.

ANACONDA MINE.

The Anaconila mine is located about one ancl one-half miles nortl'r of
\rirgilina on the east sicle of the public road, near the colored schoolhouse.

It has not been operated for a number of years, anil at the time of the fielcl

examination for this report rvas fillerl t ith I'vater ancl not accessible fol
study. \rery littje authentic information in regard to it could be obtained

from the people in the district, but the consensus of such data as could

be obtained indicates that the shaft t'as sunk on a small but high-grade

shoot of ore. The ore talren out rvas shippecl and the greater part of the

waste or barren rock hoisuecl has been hauled away for use in road builcling.
IIowever, such material as remaineil inclicated that the mine had produced

some goocl ore. Weed," in his report on the Virgilina district, says of this

mine:

"Loc. ciL., p. 464.



TTII' CORNFIEL.D PROPIRTY. t D')

"'Ihe ore is a mixture of glance ancl gray copper in quartz. The clump
shorvs bright green schist largely impregnated with epidote. Some seven
carloacls fof ore] have been shipped from this mine, which virietl from
3 pel cent of copper in the first car:load to 12 per cent in the last five car-
loads shipped. The vcin can not bc saicl to have hacl a very
cxtensivc trial, ancl the ore thus far extractecl has come from but one shoot."

THE CORNFIEID PR,OPERTY.

Situated in the southeast part of the Yirgilina town site are two or
three prospect shafts belonging to the William lI. Pannebaker estate ancl
knor,yn as the Cornfield Property. They were openecl a number of years
ago ri'hen mining was at its heig'ht jn the district, but for some reason
\,vere soon abanc'loned and were not reopened until in the late fall of 1915.
The shafts are only a short ilistance apart anil are in the typical \rirgilina
greenstone, but the ore in each shaft is ilecidedly different from that in
the others. llhey are designated "Cornfielcl No. 1," t'Cornfield No. 2," ancl

"Native shaft." The ores from the respective openings are so different that
each will be described separately.

Cornfield No. 1 sha{t when cleaned out rvas found to be about 55 feet
cleep and about 6 b;' 6 feet in the clear, ancl enlarged to about 9 feet at the
bottom. The ore, consisting largely of chalcocite rvith only a small amount
of bolnite, occurs in a gangue of quartz, calcite, and a little epidote and
chlorite, ancl in the country rock. There is, so far as the tlevelopment has
progressed, no l,ell-defined vein, although there is a clecidecl tendency for
the ore to be segregated in clifferent places in the mineralizecl portions of
the roclr. The writer did not have an opportunity of seeing the prospect
after it was reopened, but, judging from clata ancl specimens of the ores
ancl rock vhich were kinclly furnished him hy the orvners, it appears that
thjs is certainly one of the promising prospects of the district and that it
ought by all means to be given the attention rvhich it cleserves. In the
notcs furnished by the owrrers of the property it is stated that the rvhole
iviclth of the shaft, 9 feet, is more or less mineralizecl-all goocl milling
ore, rvith a streak of chalcocite and bornjte near11, four r'nches wicle in
one place.

'I'he oles frorn this prospect ale o{ rnore tharr orclinan- interest in that
thcy contain some of the finest examples of gr.aphic or crvstallographic
irrtergrowths of bornite antl chalcocite that rvere {ound in the district.
These are describecl in detail and photomicrographs of t}em are .qhown in
the cirapter on ihe origin of the orcs, anil the rlescriptiorrs nced
not be repeateil here. The eviclence afforded by these ores seems to the



154 c[olocy AND o]rE DEPosrrs oF THD YTRGTLTN{ Drs:rtrcr.

rvriter to inclicate very clearly that there are trvo generations of chalcocite-
one of hypogene origin and conlemporaneous with the bornile, and one of

super:geile origin and younger than the hypogene sulphides in which it
occurs. Only the normal and usual minerals were founcl in these ores.

Cornfield ldo. 2 shaft is located about 400 feet east of No. 1 and i'l the

same type of rock, but the ores are different in that they contain in addi-

tion to the usual bornite ancl chalcocite a large amount of chalcopyrite and

arr appreciable amount of pyrite which in the Virgilina clistrict is an ex-

ceedingJy rare urineral. This shaft was sunli entirely r,vithin a mineralizecl

area o{ the country rock. While the ores thus far found in this prospect

ar:e not so promising as in the other shaft they are cedainly worthy of
further exploration. The or:e minerals are chalcopl'rite, bornite, chalcocite,

malachite, aztrite, klaprothite(?), pyrite, argentite, riative copPer, and

cuprite. There are appar:ent1y trvo generations of both chalcopyrite arrri

chalcocite, one of hypogene origin and one of supergene origin, and there-
fore younger than the hypogene mineralization. These relationships are rlis-

cussccl antl illustrated in the chapter on the origin of Ure ores.

ancl the discussions neecl not be repeated here further than to state that
fine examples of the alteration of bornite to chalcopyrite were found.

The "Native shaft" is located in the southern part of the town site

only a few hundted yards south of the Baptist cliurch ancl a short clistance

east of the wagorr road leading south from the torvn. This shaft is in the
northern portion of an epidotized anil mineralized belt of the \rirgilina
greenstone of varying width and extending southrvestwarcl along the strike
of the rocks for about tr.o miles, in rvhich the ore, consisting of native
copper, cuprite, and the carbonates, occurs for the most part iri silicifiecl

and epiclotized portions of the greenstone instead of in defrnite fissure

veins as is usual in the Virgilina district. These deposits, if not exactly

like Yr'eed'so Oatoctin type of copper deposits, are verT much like them.

In fact, \Veecl himself places them in ihe Catoctin class. This subject is

discussecl in detail in the chapter orr the cletailccl clescription oll the ores.

lfhe ore in the "l[ative shaft" corrsists of uative copper, cupl'ite, and

the carbonates in a gangue of epidote ancl quartz, the copper occurrinp; for
the most part in the quartz, but to a less extent in thc counffy rock and

in the epiclotc. 'l'here is no t'ell-clefined vejn in the usual sense of the term.
zrnd the ore is found as granulal ancl crystalline metallic collpel in irregular

" \'Iieed, Walter H.; Types of copper deposits in the Southern United States,
'lilans., -{m. fnst. }Iin. Ilng.. \rol. 30. 1900, pp. 498-504'
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siiicified ald epidotized aleas of the country rock ancl in short nalrow quartz

veirrlets. ll'he cuprite'and the carbonates which are regarded as alteration
protlucts from the copper are ilisseminated through the country rock in
the vicinity of the deposits. It is also probable that a part of the rnetallicr

coppel occurs irr the same manner, but, if it does, it rvas not discovelecl

rluring the field work upon lvhich this report is based. At the time of the

field rvork this shaft was filled with water ancl not accessible for study.

Yery little of the ore which had been taken out was available for stuily,
but such specimens as could bb found consistecl of native copper in quartz

ancl epidote, together rrith cuprite and the carbonates as oxidation products.

lfhe shaft is reported to be about 60 feet deep and to have been sunk

through ore. It is also said that a good part of the ore taken out in
sinking was shipped to the smelter as high-grade ore. The sha{t was

cieaned out in the late fall of 1915, and the owners state that both quartz

and epidote carry the or:e which consists of the minerals just mentioned,
and that there is no regular and well-defined vein, but that the quartz and

epidote areas and veinlets which carry the ore are irregular in size ancl

occurrence. This is one of the most promising of al1 the native copper

deposits in the district, even though it has not been cleveloped beyond the

stage of a mere prospect. In the immediate vicinity of this shaft there

are a number of silici{ied and epidotizecl areas of the greenstone rvhich show

more or less mineralization. On this account it rvould seem that this is as

good a place as could be found in the whole ilistrict in rvhich to trv out'
by well-directecl development, the natir-e copper deposits.

PANNEBAKER PROSPECTS.

About one-half rnile south of old Blue lVing post-office, and a short
distance west of the roacl and on the line between Person and Granville
Counties, North Carolina, \\'. M. Pannebaker opened in the summer of

190? a number of prospect pits in some epiclotized outcrops of countr.r

rocl< containing ilrcgulal areas and stringers of qualtz, which showed

copper staining. In some places native copper ancl cuprite occurled rvith
the malachite rvithin a {ew feet from the surfacer ancl in some of the pits

considerable areas of well-mineralizeil rock rrere found. No sulphide min-

erals were r?oted. The primaty mineral appears to have been native copper

which was clisseminateil through the countrv rock, largelv as thin plates

in the planes of schi.qtosity and as irregular grains and elongated areas in

the quartz anil epidote. The cuprite and the carbonate were deriveal fron
the native copper by oxidation. So far as could be tleterminecl the native
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copper occurs jn zones or areas in the country lock ratlier than in definite,
well-defined quartz veins, and while the mineralization is extensive no
deposits rich enough to mine have been opened. It is impossible to make,
with any degree of certainty, any preclictions as to the future of these
deposits of native copper. It is certain that in many places the metal is
wideiy clisseminated through the rock, but, until further exploratory work
is done, all such occurrences must necessarily be regarrled as prospects of
unprovcd value.

Native copper occurs in tr,r-o other prospect pits, one only a short ilistance
southrvest of those just described, ar:rcl the other at the roaclsitle about
1 mile south of the Thomas mine. In both of these places the country
rocl< is amygdaloidal and native copper arrcl cuprlte occur in the amygclules.
Otherwise Ure conditions are similar to those at thc Pannebal<er prospects.
Neither prospect developecl a promising ore bocly. These depositg are also
of the Catoctin type.

ANNIE MAUD PROSPECT.

About one-half mile south of Old Blue \Ying post-office and a short
distance east o{ the county road is a small prospect rvhich is said to have
ploduced some promising ore of the Hollorvay type, that is, the ore is
largeiy chalcocite in a gangue in which quartz is suborclinate to epidote.
This shallow pit is knor.n as the Annie I'Iaud mine and is owned by the
\{m. }I. Pannebakcr estate. So far as could be cletermined, the vein, as it
is exposed'in the prospect, is narrow, but it appears to be rather persistent
ancl has becn tracecl by quartz d6bris on the surface for considerable
distarices both northeast and southwest of the prospect. rn fact, tlvo other
openings have been made in r,vhat, so far as could be determinecl, is the
same vein. One of these, known as the tr'ourth of July mine, is located
about one-fourth mile northeast of, and the other, an unnamed prospect
pit, is about the same distance southwest of, the Annie l\faud opening. The
r,vorli thus far done is not sufficient to either prove or dispror,e the value of
the prospect.

ENGIE PROSPECT,

The shallolv pits and shafts about 1 mile no'theast of thc Gillis mine
are known as the rngle mine. The i,vork was clone in a small but fairly
well definecl and narrow quartz vein which appears to be an extension of
the Gillis vein. considerable copper-stained quartz rvas exposed anil a
small amount of the usual sulphides, chaicocite ancl bornite, .ivas found,
but nothing of commercial r.alue was ilevelopecl.



GILIIS AND COPPDR KING MINES.

GIIIIS MINE.

The copper ores at the Gjllis mine were discovered and the mine openecl

in 1852 or 1853. It is, therefore, one of the earliest worked copper deposits
in the llnited States. It rvas exarninecl by Ebenezer Emmons, State
Geologist of North Carolina in 1854, ancl in his "Geology of the Miilland
Counties of North Carolina"o he described the mine and stated that two
shafts had been sunk to a clepth of 80 feet, the south one showing 5 {ect
of vein and the north one 18 inches. He also noted that the expected
change of chalcocite to chalcopyrite with depth did not occur in this mrne.
The vein docs not present a plominent outcrop anal appears to be narrow-
about 3 feet wide on the ayelage. It is tlifficult to trace on the surface, but
appears to trencl 10 degrees east of north and to dip about 70 degrees to
the southeast. lfhe rock is the normal Yirgilina greenstone. The vein is
composecl largely of quartz, but contains appreciable amounts of calcite,
epidote, chlorite, ancl a little hematitc. The ore minerals are bornite, chal-
cocite, malachite, azurite, chrysocolia, tenorite( ?), and cuprite. Emmons
states that "vitreous copper" (chalcocite) occurred in a continuous belt
2 to 4 inches wicle nearly pure. The minc has been closecl for years and
no tlata further than those Eiyen were available.

COPPER,.KING MINE.

A prospect shaft about 100 feet deep, known as the Copper King mine,
is located about three and one-half miles southr,vest of Virgilina. There is
apparenily no well-clefinecl vein, and the ore occurs in an epidotized portion
of the country rock in lvhich more or less quartz has been deposited in
inegular areas or masses and in lenses ancl stringers. Aside from the
excessive epidotization, the roclc is the uolmal Virgilina greenstone. The
gangue minerals are epidote, quartz, calcite, chlorite, plagioclase (probably
albite), ancl a little hematite. The ore minerals are bornite, chalcocite,
klaprothite, malachite, azurile, anil cuprite, which in some instances occurs
in the form of the so-called "plush copper ore" or chalcotrichite. The
sulphicles are intimately associatecl ivith all the gangue minerals. One
specimen was founcl in which well-terminated albite crystals nearly an inch
long ancl more than one-fourth inch in thickness were embecldecl in massive
sulphides. The sulphide masses are always composecl of an intimate inter-
c-rorvth of bornite and chalcocite.

"Emmons, Ebenezer: Geology of the ltidland counties of North Carolina, 1856,
pp, 344-346.

r,) t
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At the time of the fielc1 rvork there was a small body of good ore rn a

sliort drift which hacl been startecl from the bottom of the shaft, and there
lvere a few thousand pounds of high-gracle'ore on a platform at the collar
of the shaft. As conditions were at the time of the examination, there had
not been enough development work done to warrant any surmise as to the
future of the mine, ancl until such work is done the place must be regarded
as a promising though unproved prospect. It belongs to J. H. Morong,
of Yirgilina, Va.

COPPER, WORID MIND.

The Copper \\rorlcl mine is about one and one-fourth miles southwest
of the Gillis mine and appalently on the strike of the Gillis vein-at least
if the strilre of the Gillis vein be procluced aiong its regular trend .south-

rvestward it would reach the Copper \\rorld shaft. The rock is the normal
green and purplish schist of the district. The vein does not outcrop, but
judging from material on the dump it is the normal tyfe of vein of the
districf that is, white quartz ivith epiclote, calcite, and chlorite. 'I'he ore
is an irrtimate mixture of bornite and chalcocite with oxidized minerals
near the surface. The only reliable informa.tion available in legarcl to this
mine is by Weed,o who says:

"The Oopper \\r6r'ld was first opened in 1882. 'Ihe present orvrer,
Colonel Stiff, has sunk a shaft, 60 feet deep, with drifts at 30 and 60 feet.
It is equippecl with a small steam hoist, and well timbered. The vein shorvs
the usual white quartz rvith some epidote, encased in gray and purple schist.
But one ore shoot has been crossed, from rvhich 8 to I0 tons of high-grade
glance ore has been stoped and shipped."

FOURTII OF JULY MINE.

t\ prospect shaft about two miles soufh of Virgilina is known as the
fourth of July mine. Just why it is called a mine olwhy the shaft was
sunk rvas not made clear from an examination of the material on the dump,
rvhich consists o{ normal greenstone schist with a few bunches of quartz
here ancl there which in places show a slight amount of copper staining.
So far as it was possible to i'letermine there is no vein at the place.

AN,RINCDATE MINE.

r\ few prospect sha{ts ancl pits were sunk a number of years ago on
sorrre fairly rvell-clefinec1 quartz veins about trvo ancl one-half miles north-
\vest of the T)urgv nrine. These are knorvn as the Arringclale mine. The
tvork was soon abanaloned, and, judging from the material in the various

'Loc. cit., p. 463.



LI'ITLEJOIIN, ISTIIIiR MAY, ;\ND \VAIL IIINES. 15!)

dumps, with most excellent reasons. It is true that some of the material
shows a slight amount of copper staining, but certainly not sufficient to
warrant one in sinking a shaft..

IITTIEJOIIN MINE.

About one,fourth mile west of the Seahoald vein are a number. of
closely spaced veins, some of rvhich show considerable copper staining in
the outcrop. The plopertv including these veins was recently purchased

by the Littiejohn Copper Company, of N.ew Yorlr, and in one of the most
promising of the veins three prospect shafts were started. These are all
shallow, the deepest one being about 100 feet in depth, but they each show

a narrpw well-defined vein with considerable mineralization, the ore con-

sisting largely of chalcocite with only a very little bornite. No assays of
the material taken out were available, but from the general appearance

of the vein it seems that further prospecting woulcl certainly be justifiecl.

At least nine veids showing copper stainings, outcrop on the property
ownecl by this company, and the most prominent of these veins are trace-
able by quartz and epidote d6bris as well as outcrops on the surface fol
considerable distances, in one instance at least two miles. They are,

however, for the most part narror r and of cloubtful value. As far as could

be cletermined their strike appears to be paraliel with that of the schistosity
of the country rock.

ESTHER MAY PROSPECT.

ln the Seaboard vein rvhere it is crossecl b;t the county road about one-

fourth mile north of the Seaboard mine is a small prospect pit known as

the Esther May mine. The pit is only a ferv feet deep, certainly not deep

enough to eitirer prove or disprove the property. The material on.the
clump shows a smal1 amount of ore similar in all respects to the Seaboard

ore ancl the prospect so far as could be rletermined is on the main Seaboard

vein.

, wAtL IrrNE.

About three-fourths of a mile north of the Seaboard mine are two or
three prospects known as the Wall mine. The country rock at these
places is the tuffaceous phase of the Virgilina greenstone similar to that
at the Seaboarcl mine. The vein, so far as could be tleterminecl, has a con-

siderably more northerly strike than the schistosity of the country rock.
At the time of the fleld investigation for this report this mine was not in
operation. The shaft was filled with water and there was, therefore, no
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opportunity for uncierground examinations. It is reported, hou'ever, that
the vein is narrow, averaging not more than ? feet in width, but that it is
well mineralized. The material on the dump shows that the ore consists
of bornite and chalcocite in a gangue composeil dominantlv of quartz, con-
siclerable epidote, ancl a small amount of calcite r'vith a little chlorite. Only
one opening of any importance was made in this i'ein. It is reported tliat
the shaft was sunk through a depth of 135 feet and that a clrift about 100

feet long lyas driven from the bottom of the shaft.

The ore from this mine rvhen examinecl uncler the microscope proved
to be the most interesting of the whole district in that it presented the
best examples of crystallographic intergrowths of bornite ancl chalcocitc
that have ever been found.

A typical case of such intergrowth is illustrated in Plate XYIL AT a
magnification of 40 diameters these areas resemble very closely the inter-
growths of quartz ancl feldspar in a rnicropegmatite, or the intergrowths
of the constituents in certain alloys. ,\t thc highest nragnification used,

that of 5?5 diameters, this resemblance is er.en rnore pronounced. lVhen
an area of such intergrowth is etched tleeply enoug'h to bring out the
cleavages clistinctly the chalcocite is seen to he composecl of nunerous
mediurn-sized inilividual grains, the clear,age lires of l'hich could be seen

to extend {rom one sicle of the grain to the other, intcrlupte,l hete and
there by the filaments of bornite. This type of texture is regarcled as stron€i
cr,iiLence that thc tivo minelal,q crystallized at the sarne time. This subject
js discussed in greatcr: detajl jn the chapter on the genesis o{ the ores.

GOLD MINES .A,ND ?ROSPEOTS.

General stfttenlenl.-A1] the copper ores of the \rilgihna district carrv
sntall but variable r-rrlues in gold. The usual values of the concentrates arrd
ores in gold as shippecl to the sr.nelters va1'y from a mere tlace up to 1.30
ounces per ton. It is also reportecl that "colols" of gold may be founil in
many strcarn beds anc-l other'pJaces in the clistrict. Howerer, $o far as was

determined tluring the field irrr,estigations for this repor:t, thcre is onlv
one area includcd within the clistrict a-* shown b_v the accompanying nrftl)
(Pl. I) which shor.s the presence o{ gokl in sufficient quantiiy to rrarlarrt
prospccting for it. This is an area about 2 rriles r'yicle extencling fronr
about 2 miles to 6 miles northeast of Yirgilina. lllhe southcm half of this
area, which contains many irlegular quartz rreins ancl str:ingers, stanils a

littlc higher than the .surrounding countr:v ancl is l<nown as Gill's ltlountain.
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{t is said that nearly any stream i' this area, by panning, ."iu'sho.," fro-
one to many colors of gold, some of which is fairly coarse. A number of
prospect pits have been sunk and many cross-cuts macle in the area, rvith
the hope of locating valuable deposits. Many of these show gold. but it is
nearly always present in too small amount to be of any commercial value.
While many of these veins anci stringers shgw pyrite and gold it is very
seldom, indeed, that they show any of the copper-bearing sulphicles. of
all the pits ancl cross-cuts in this territory onlv three shor,v indications that
might possibly warrant further prospecting. rt also seems probabre that
these three are all on the same veirr, at least jn the same mineralized zone.
These, beginning with the one farthest south, are: The poore ancl Irarris
Prospect, the Red Bank Mine, and the fruce anrl Howarcl Mine.

POOLE AND IIARRIS PROSPECT.

About orre and one-half miles south of the Red Bank rnine are a 
'umberof shailow flits and cross-cuts in a quartz vein lyhich in places shows rather

favorable pannings. only vely little surface r,vork has been done and no
assays are available nor othel clata that riould afforc1 any quantitative
information. As conilitions ale, the placc can not be regarrled as lnore
than an undevelopeil prospect.

RED BANK MTNE.

The Iled Bank rrtilre is locaterl about four anrl oue-half rniles northeast
of Yirgilina, and about one-fourth of a mile north of the rvagon road learl-
ing from lled Ba'k store to Hitesburg. rt was the onlv gord mine in
actir-e operation at the time of the field work. rn fact, it is the only golcl
mi'e thus far developed to any important extent in the whole region. Thc
vci's rverc discor,e'ed and active de,relopment r.as begun in :tg03 bv H. c.
Crolvell. \iery sootr after the discoverv, $r. T. Harris becamc associated
vith }fr. crolvell in the der.elopnrent rvork. These men carriecl on the
ivork untjl 1905, rvhen they soid the property to its present orvners, the
Virgilina l{i'ing Compan1,, rvith headquarters in Buffalo, },r. -\I. The
surface plant consists of a small stamp rnill, ore bins, crusher, ail conr-
pressor, boiler', ancl eng'ine all well housed. A1l the ore thus far taken out
rvas handled by ihe starnp iniJi a'd amalgamatipg plates. Much of the
golcl has been pro'en to Jre verv firre and consequcntlv the slime loss has
always bcerr consideralrle. To avoid this the company purchaserl a cyanid-
ing outfit, but fot some reason did not install it.
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'Ihe underground development consists of tr,vo shafts, one about 50

.and the other about 200 feet deep, ancl about 650 feet of clrifts. The first

level at a depth of about ?0 Jeet extencls 3?0 feet south ancl 120 feet north

of the shaft. The second ievel extencls about 90 feet south ancl 100 feet

north of tlie shaft. considerable stoping has been done, but little or none

of it extencls below the ?0-foot level. A1l clrifting ancl c.Levelopment wor]i

has been confirred to the orte rlcin.

The country rock is the usual greenstone schist o{ the district. 'Ihe

green- ancl purplish-colored types of the rock are both pre-cent ancl its

tuffaceous nature is plainly visible upon close erarnination. It appears

that the rock is probably more highly schistose than at the other mines. The

vein is of the fissure type and appears to follorv the rlip and strike of the

schistosity of the rocli in which it occurs. It varies in rvicith from a few

inches to 6 feet, averaging perhaps three and one-half feet' The wal1s are

well defined and the vein is easily foilorved. Much siticifie<1 country rock

is included in the vein and much of jt has a deciclecl rddish color

resembling jasper, rlue probably to the clevelopment of hematite in the

siliceous material.

It is said that the richest values rvere found in the reddish portioris of

the veir!. The upper portion of the vein seems to carry only two metallic

minerals, golcl ancl hematite, but with depth a small amount of pyrite began

to come in. 'Ihe r,alues are not evenly distributed throughout the vein,

but they occuf in a well-definecl ore shoot, only one of r'vhich has been

cicvelopecl, although others of mole oI less promise are knorvn to'exist'

Even in the ore shoot the r.alues are "spotty" and in places the vein carries

very little or no value. No properly macle assays rvere available, and it is

thcrefore not possible to make any statement in regard to average value of

the ore per ton. Holever, it is reported that up to tlate (1912) the mine

had produced a total of $22,000 worth of gol[[.

It is not known why the mine has been allowed to lie irlle so much-
whether due to lack of suitable ore or to the management. H. C. Cror'vell,

who is familiar r,vith the \Yorkings; says that there is a good body of average

grade ore in sight, but that much of the goliL is too fine to be saveil on

amalgamating plates ancl that this fact is resnonsible for the iclleness.

Not much can be said with any ilegree of certainty as to the future of

the mine. certainly some high-grade ore was taken out, but it is not l<nown

how much remains unbroken. until more development work is done the

place must be regardecl as a favorable, but unproven, prospect'
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IUCE AND I{OWARD MINE.

A prospect on a hill about one-fourth of a mile northeast of the lted
Bank mine ancl apparently on the same vein is known as the Luce and
Howarcl mine. The metal sought was gold which occurred in small
quantity in quartz veins and stringers in the schists. The place rvas not in
operation at the time of the fielcl examinations for this report and the
rvorkings were not accessiblc. So far as could l-,e determined "[rom exarni-
nations of materiai on the clump, conditions are somewhat similar to those
at the Red Bank mine. Three shafts have been sunk to depths varying from
?5 to 100 feet, but little or no stoping is said to have been tlone. A small
stamp miil and concentrating machinerv have been installed, but no clata
were available as to the success of the miI1. It is reportecl that much of
the gold is very fine and as a consequence very difficult to save by
amalgamation.

UTIIIZATION OF THE ORES.

GENERAI STATTMTNT.

There are three ways of utilizing the Virgilina ores: (1) Ship the
run-of-mine ore, less such waste material as can be eliminatecl from a
picking beit, clirect io the smelter for. use as converter linings or as a

siliceous material for fluxing heav;' sulphide ores or concentrates. (2)
Concentrate the ores and ship the concentrates. (3) Extract the metals
from the ores in a piant erectecl in the district for the pur.pose; such
plant might consist of a smelter or be equipped for roasting the ores and
concentrates ancl leaching the valuable metals from the roastecl material.

SITIPMTNT OT' ORE WITHOUT MII,IING.

The location of the district and the type.of ore produced are favorable
to the first-mentioned u.ay of utilizing the ores, that is, ship the roughly
picl<eil ore direct to the smelter for use as siliceous material. The district
is not far removetl from a number of smelters, and, if reasonable freight
rates can be obtained, the hand-picked ore, carrying from 4 to 8 per cent
of copper and ?0 per cent excess silica, could undoubtedly be shipped at a
profit. The nearest smelter is the Yirginia Smelting Company, at West
Norfolk, Va., only 14? miles distant. This smelter at the time of the field
work rvas treating Iarge amounts of roasted pyritic copper ore, "spent
pyritesr" from Canaclian points, and the management r,vas more than
anxious to have siliceous ores to ser\re as flux with the heavy iron ores.



164 Gliot,oey rND oRn DEposrrs oF TrrE YrRGrr,rNA DrsrRrcr.

Yery reasonable freigirt rates were in force between Virgilina and l{orfolk
and if proper contracts could have been macle r,vhich rvould have assured

the smelter a steady and regular supply of siliceous ote, and, at the same

time had assured the miner a steady and fair ma.rket for his ore, it is

reasonab\, certaln that the rvhole output of the district coulcl have been

disposed of to this smelter. In fact, the greater part of the output was

handled by this smelter.
In case the Norfolk smelter could not handle the ores, the smelters in

New Jersey and the ll'ennessee Copper Company's smelter at Copper Hill,
Tenn., are rvithin reach. They are {arther arvay arid the success of ship-

ping to these marl<ets would depend upon the kind of freight rates that
could be obtained. All these smelters are buying silica for use as flux, and

it is beiieved that by assuring the railroad of regular ancl large shipments

of ore. the price for the excess silica in the ores woulcl almost, if not
quite, meet the transportation charges and thus enabie the operator to
deliver the actual copper ore to the smelter free of, or for a very small,

freight charge. These smelters, especially the one at Copperhill, lfenn.,
have used many shipments of ore from the Yirgilina district. lndeed, in
1909 and 1910, the Tennessee Copper Company dicl considerable exploratory
work in the district for the purpose of ascertaining whether or not a suffi-

cient supply of siliceous ores could be obtained for their smelter. The

project failed, but it is said" not from a lack of ore, but because of exorbitant
prices demanded for proper-ty.

In order to sell Virgilina ores in this rvay to the best aclvantage it wiII
be absolutely necessary for the district to be able to delivel steadily and

regularly a reasonably large tonnage of fairly uniform ore. There is
probably not a mine in the clistrict, when operated as a single unit, that
can meet such conditions, but if a number of the most promising mines

and prospects would combine in marketing their ores the conditions coulcl

be met very easily. It seems perfectly evident that the only way to operate

the mines on the basis of greatest prolit to the individual owners is to

consolidate them, at least so far as selling and shipping the ore js concerned.

MILLING iTHE OR!]S AND SHIP}TENT OX' CONCENTRATES

Suflicient experimental work, and actual milling of the Yirgilina ores

on a commercial basis, have been d.one to demonstrate beyond any question

that they are leaclily amenable to concentration" This statement is made

with full knowledge of the failure of both the Iligh Ilill and Person

Consolidated mills to give satisfactory results. It is perfecily clear to any
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one familiar with the construction, equipment arrangement, anil manage-
ment of these mills, that the causes for failure lay within the mill and its
management and not within the ores. Every mining engineer of any
standing who has examinecl properties in the district has either strongly
recommended concentration or remarked that the ores are favorable for
concentration. The important minerals of ore ancl gangue together with
the specific gravity of each are given in the following list:

Ore Minerals Speci,fi,c Graoitg
Bornite 4.90 to 5.40
Chalcocite 5.50 to 5.80

. Argentite' 7 .20 to 7 .36
Cha.lcopyriteb 4.10 to 4.30

Gangue Minerals Speci,fic Graaity
Qrarlz 2.65 to 2.66
Calcite 2.71
Epidotc 3.25 to 3.50
Chlorite .. Untler3.00
Average rock .. About 3.00

It is seen that there is a difference in specific gravity of 1.7 between
the average bornite, the lowest important ore mineral, anal the average
of epidote, the highest important gangue mineral. In good milling practice
it is possible to separate without great difficulty minerais having a tlifference
of iittle more than .5 in specific gravity. It is, therefore, clear that so far
as the relative specific gravities of the gangue anal ore minerals are con-
cerned there is nothing to interfere with successful concentration.

There is, however, one feature that complicates the problem and one

which must be seriously considereil in any attempts to concentrate these
ores. This is the brittleness of bornite and chalcocite, the principal ore
minerals, and the toughness anci harclness of epidote and the harclness of
qluartz, the principal gangue minerals. Consequently, there wiII be a strong
tendency for the ore minerals to crush very fine1y and forln a great deal
of slime, which will be lost in the milling process unless careful measures
are taken to save it. The best way to saye slimes in ore dressing by gravity
methods is not to make them; therefore in treating these ores every pre-
caution must be taken to prevent the formation of slimes. In planning a
method of treatment for these ores, this question must be given first and
foremost consicleration. Then, in spite of every precaution, a certain

o It is assumed that the silver in the ores occurs in the form of argentite.
D Chalcopyrite occurs in appreciable quantities in only two mines oi prospects in

the district-the Glasscock shaft of the Pontiac mine. and the Cornfield No. 2
prospect.
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amount of slimes will be formed, so that no process could be considereil

ailequate which did not include apparatus for collecting and saving slimes.

One of the fundamental principles of ore dressing is never to crush the

ores any finer than is absolutely necessary to free the valuable minerals
from the ileleterious or rvorthless material. In applying this principie to
the Virgilina ores there is both a fortunate ancl an unfortunaie feature.

The fortunate one is the fact that in most of the deposits the ores are pretty
well bunched or segregated in fair-sized areas, and can be saved without
exceedingly fine crushing. The unfortunate feature is the fact that this
segregation was not canieit to completion and as a consequence there is a

g:reat ileal of vein through which the ore is finely disseminatecl and which
therefore must be crushed very finely. Therefore, in d.evising a system of
treatment means must be provided for taking out as much ore as possible

without crushing and to crush only what is absolutely necessarJi and then

not any finer than is absolutely necessary to free the values from the gangue'

This makes it necessary, in order to treat any of these ores to the best

aclvantage, to provicle a picking belt which takes the ore from a rock breaker

in which it is broken to about Z-inch size but no finer. n'rom this belt
three products will be obtained-a shipping ore, a milling ore, and much

barren qoarf,z and country rock. A picking belt is regarilecl as eBsential

to any equipmelt for dressing these ores.

The mill equipment of the High IIi11, Person Consolidated, ancl Sea-

boariL mines has been described in the paragraphs relating to these mines

and lvill not be repeatecl here. Of these mills only the Seaboard was a

success. Before erecting this mill, A. W. Tucker, at that time manager of
the Seaboard mine, carried out a great deal of experimental work on the

ores, with the object of determining the best type of treatment for them.
This is the only rvork of its l<ind thus far attempted with the ores from the
district, and it seems best to quote briefly from Mr. Tucker's report of his
work.

"The tests were made on ore from the Seaboard mine in the ore dressing
laboratories of the Massachusetts Institute of Technology, Boston. The
total amount of ore used was a trifle under two tons. It had been crushecl
at the mine to 2-inch size and all high-gracle ore taken out. By }igh-grade
ore is meant all ore running 10 per cent copper or over. This was done to
take the place of a picking belt which is essential to any mill in the district.
Much work was done on the ore for t'r,vo purposes: X'irst, to determine the
fineness to which the ore must be crusheal in orcler to produce the greatest
percentage of saving in the simplest manner; and, second, to determine the
adapiabilitv of various machines to the concentration of this particular
ore.^ Uncler such conditions it is readilv seen that a neqative result would
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be nearly as valuable as a positive one. From the results obtained the
proper mill to install can be determined easill', fos1 the individual test or
run has little value by itself. Three compleie tuns or tests were made.
They are as foUows

"rn the first test the ore rvas crushed and then reclucecl to 5-mesh by
putting it ihrougL one set of rolls. This 5-mesh product was feil direct tb
a 3-compartment rrarz iig, containing lz-mesh bottom screens and allowed
to malie its orvn bei[. The ]rutch proiiuct was run in a one-spigot classifier
rvhich gave two proclucts, heads and tails. The jig iails, ji{ middlings,
ancl the classifier tails rvere mixed and run through.- a graviiy stamp m"ili
having a. 14-mesh sc_r_gg_n. The stamp miil pulp r,vas 

"classihed and the
various sizes run on wilfley tables. The mud frbm the jig was aitded to
that from the-wilfley tables and run on a \\rilfley slimeiable. This test
shoued a total saving of 81.09 per ccnt o{ ihe ioral copper in ihe ore,
distributed as followsi Jigl8 pei cent; Wimey table, ?? pe! cent; \\'ilfley
slime table, Q pe-r cent. The original ore asiayed Z.?8 per ceni .oppe",
hence the ratio of concentration was 14 to 1.

"The second test was-one of graded crushing rvith rolls through 8 mesh.
The materiai was classified in a 4-spigot c1ass1fier, Spigot No."1 rvent to
the jig, the midd]ings being run on-gravity stamps 

"having a p0-mesh
screen. Spigots Nos. 2, 3, and 4 were treaiecl in the usual mar,rre'. on'Wilfley 

tables, the overflow going to a \(ilfley slime table. This test was
madc on ore a"qsaying.3 per cent copper. The-saying was 88.22 per cent of
the c'opper anrl was distributed as follows: Jig, 5?.61 per cent from treat-
ment of material from spigots Nos.2,3, ancl 4; and or.erflow, 15.10 per
cent; treatment of jig middlings, 20.b1 per cent. In this test, however,
all proclucts assaying 10 per cenf or o\rer were callerl heads without further
concentration and the ratio of concentration r,vould therefore be low.

"rn the third test the two-inch material as receir-ed fron, the mine was
fed directly 1o gravitl'__sta,mps having a 14-mesh screen. The pulp was
classified and rur on \\.ilfley tabJeg; ?9.30 per cent of the total *pp.,
content of the ore was savecl as follows: $rilfley tables, heads, 60.54- per
cent; rouncl tabie, he-acls, 6.48 per cent; and Wimev slime table, 1p.BB
per cent._ The original ore assayed P.80 per cent copper. The test shorved
the rourd table to be almost rvorthless as a machine fo follorv 1{rilfley tables.
Tf these tables hacl been followed bv a \vilfley slime table as in the other
tests the extraction would probably have been higher.

"rt wa-q also found that the golcl and. silver values concentrate with the
copper."

ifhe rnill at the Seaboarcl mine, r,vhich rvas built and operated by llr.
Tucker after he had completed the experimental work on the ores, $ras, so
far as can be determined, very successful, but did not make as high a
saving as was macle in the experimental runs. The flow sheet on page 100
shows the equipment of this mill.
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CONCENTRATION BY FLOTATION.

Irhile flotation has not been tried on the virgilina ores, it has been

practised with such great success throughout the world upon many ores

far more difficult to treat than these that there is absolutely no doubt that,

if given a fair trial, it r,vill prove to be as successful here as elsewhere.

In fact from the writels knowledge of the subject he is certain that it is

the most promising of all available methods of concentrating the Yirgilina
ores. Its advantages ovel other methods of concentration for these ores

are so evident that it realll' seems unnecessary to discuss them except in a

general way. 'Ihe most patent aclvantage is in the handling of slimes. The

rvorst feature of all other methods of concent ation is the difficulty of saving

the slimes. The condition of the ore is such that in order to free the values

from the gangue, it is necessary to crush it very finely and this can not be

done without making a large amount of slimes. Because of this it is

necessary in consiclering any method of concentration to include a methocl

of treating the slirnes. Flotation thus far is the only really successful

method known of treating such material.

Another very important fact in regard to flotation is the flexibility of

the process. It can be used alone or in combination with table concen-

tration with equal facility. Thus, if it is ilesired to use ordinary gravity

concentration for everything except slimes and to treat them by flotation,

it can be done easily and economically. A flotation machine large enough

to treat the slimes from a 50-ton mill will cost but little more than a slime

table for the same purpose, and it will not require a great deal more

operating power. It is also just as practicable and certainly more eco-

nomical to arrange to do all the concentration by flotation as by ordinary

methocls, or by a combination of the two.

Finally the item of cost of instailation ancl operation of a suitable

concentrating plant is believed to be greatly in favor of flotation. The

greatest expense is that of crushing machinery, and this has to be met in
either case regardless of the method o{ concentration used.

It is not the intention of the writer to go into the question of flotation

in detail. In fact, such a cliscussion would be out of place in a geological

report. AII he clesires to do is to call the attention of the operator in the

district to the importance of the subject and to suggest that it be given

careful consideration.
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SMEITING ORE IN THE DISTRICT.

The last of the three ways of treating the ores, smelting or extracting
the metals from them in the district, is consiclered the least feasible of all.
There are many reasons for this conclusion, among which may be mentioned
the following: There is not only no readily accessible fuel supply but no
supply of material suitable for flux. It would, in all probability, be less
expensive to ship the ore or concentrates to a smelter than to pay trans-
portation charges on fuel, material for flux, and general suppiies. It does
not appear probable that the district rvill ever produce large quantities of
ore-probably not enough to supply a large metallurgical plant. Small
copper smelters are usually not very satisfactory ancl they generally are
more expensive to operate than large plants in proportion to the amount of
metal produced.

rt is realized that there is a possibiJity of treating these ores by hydro-
metallurgical processes, and that such processes might eliminate certain of
the obstacles in the way of smelting operations.

rt is even true that a process for extracting the copper from the ore by
aciil leaching and recoveling it by electrolytic precipitation was instailecl
and operated a short time in 190? at the High HiI mine. The process
antl results were kept secret, but it is r,veli known that from a commercial
standpoint the plant was a failure. The process so far as it could be learned
consistecl in giving the crushed ore a sulphating roast in a specially con-
structed reverberatory furnace, leaching the roasted ore with dilute sul-
phuric acid' anci finali;' precipitating the copper electrolytically.

ln considering any methocl of treating as r,vell as mining the virgiiina
ores the prime factor must be to keep expenses clown to the rninimum.
The two methods just considered are of necessity expensive and on this
account, if for no other reasons, are not considered feasible.

The first two ways mentioneil of utilizing the ores, shipping the hand-
picked ores to smelter or of milling the run-of-mine ore, less such waste as
can be easily eliminated from a picking belt, are both considered feasible,
and it is recommended that they be given careful consicreration by any one
contemplating operations in the Vireilina clistrict.

SUMMARY.

of the three methods of handling the virgilina ores that have just
been discussed, namely, shipping the hand-pickecl ore, concentrating the
ore ancl shipping the concentrates, and reducing the ore to metal in the

16'
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district, the second one appears to the writer to be the most feasible.
This is also the conclusion reached by most of the men who have at
tliffelent times operatecl mines in the district, as rvell as it is the opinion
of the best mining engineers rrho have rvritten commercial reports on the
district. Ifnless straight flotation be aclopted a fairly complicated equip-
ment will be required in the treatment of these ores, and in oriler to secure

the greatest efficiency it will be necessary to handle as large quantities of
ore as possible. A large mill will, thelefore, be necessary. Taking into
account the small size of the indii'idual deposits, it appears that it would
be little short of actual folly for each individual mine to erect a concen-

trating plant. The cost of erecting ancl operating the mill would be

almost, if not quite, prohibitive. The writer believes that the most satis-

factory as 'r'vell as the most economical plan rvould be some scheme of
coiiperation between the different operators in the district whereby there
could be erected a centraliy located mill large enough to handle all the
millinE ores from all the mines. Such a mill could be located on Aaron's
Creek near the railroad. Each mine coulcl install ancl operate a picking
belt so that it would be necessarlr to haul oniy the concentrating ore to
the mill.

As regards transportation it seems plobable since motor trucks have

been developed to such a high clegree of efficiency that they coulcl be satis-

factorily employed for the purpose.

It seems desirabie before discontinuing this subject to quote a sum-

marized statement of the recommendations given by l{r. H. A. Keller in
a commercial report on the district a few years ago. This was lvritten
before flotation had been developed to such a high clegree of efEciency, but
it is still worthy of the most careful consideration by any one contempiating'

mining in the Virgilina clistrict.

" (7) The ore should be crushed at the shaft and the high-grade
smelting ore saved and the waste eliminatecl from a picking belt before the
ore Eoes to the mill.

''(2) The ore should be jiggecl as coarse as possible-in o_rder_to avoid
crushing or pulverizing the small bunches of pure minerals-thereby avoid-
ing as much slime loss as possible.-'(3) The jig tailings must be recrushed and concentrated further.

* (4) Some satisfactorv treatment must be provic-1ed for slimes."
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