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STATEMENT OF TIIE PROBLEM,

In these days of rapid advance in our knowledge of the genesis
of ore bodies, it becomes necessary constantly to test old jdess by
new conceptions. Particularly does this apply to our recent idou
on secondary enrichments of ore deposits. The mining wosdd s
awaiting eagerly more exact knowledge on the part of geolaghia,
that the cost of locating valuable ore bodies and developing Vi
properly may be reduced. The structure of the Comstock bodey,
and the genesis of its ores, have been treated by several im‘mum; &
tors, but even yet, many of the vital questions connected thenewich
are unsettled. The somewhat overdone tendency to make ey
ore deposit correspond to a ‘‘type,”’ and to regard much, if gt
all, as already ‘‘having happened,’’ has been productive of e
sidergble error. Fortunately, with our ever widening view, thewe
marks of immature science are disappearing. The Comstock by
yet largely an unsolved problem, withal we know much about i,
and the following notes contributed to its solution are the ressi
of numerous short trips to the lode while the writer was engagd
in other work.* The peculiar bonanzas of Virginia City have
never been satisfactori]y_accom_if_éd ‘_f‘ol‘,xr;or the form of the lode
as a whole. This papéi‘ is offered as a slight contribution to the
study of ore deposits, and on account of the immediate bearing of
its contents upon practical mining matters, it is issued at this
time. ;

EAST-WEST FAULTS,

1

There is a much greater development of east-west faultieg
than has been noted by previous observers. These faults are of
the utmost importance, both in the structure of the lode and ks

* The author’s acknowledgments are due to Mr. James McKinty nad
Mr. Thomas McCormick, superintendent and foreman, respectively, of the
C. & C. mine, for their aid in obtaining deep mine waters; Mr, E. E. Eymrets
for aid in obtaining mine waters and rock specimens; Mr. M. W. Fox, sad
Mr. Frank Higginson, general manager and superintendent, respectively, of
the Ilale and Noreross; and particulurly to Mr. G. MeM. Ross, whoss givud
interest in these matters lies at the bottom of this short paper.  Mr. Kaiwn
was until recently superintendent of the Ophir and Mexican mines. Tiw
author wishes also to state his indebteduess to *former publications upas t
Comstock, particularly Becker’s Monograph and King’s Survey of the
Tortieth Parailel. These works have been freely consulted on points zed
now to be determined in the mines.

Becker’s Atlas should be consulted for maps, ete.
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s genenis of the ores. Their importance to the lode lies in the
gt 1bat they have most to do with the notable short length of the
susks fimure. Their importance in regard to the ores lies in the
fart that they have caused the blocking out of the wall rocks
with the resultant opening to mineral solutions. These points will
¢ diseussed later. Becker® has noted the presence of such
faulting, but only in a general way, and as of little importance. Ie
sy {p. 181) that the topography is due chiefly to faulting, ‘‘for
% 1 Sutro tunnel section, at least, there is evidence of but slight
ageabon,® * * The ravines which furrow the range are not there-
fure the results of erosion, but of faulting.”” And again (p. 184
o 94q.) 41 the north and south of Mt. Davidson the evidences of
fesiting diminish (north-south faulting is meant). From the
Odsxgnan far into the Sierra Nevada claim, a distance of two and
wee thind miles, the amount of fault has been great, and the indi-
ertbons unmistakable. Beyond these points the disturbance of
eguilibrium has been to some extent adjusted in a different man-
mer. This is partly indicated by the union of the andesite fields,
which are separated near the center of the lode by diorite. To-
wand the ends of the lode the dynamie action seems to have been
distributed in part by the forking of the fissure and in part by y
the formation of east and west cracks.”’ According to Becker,
theme same east-west faults have their downthrow to the north.
Practieally nothing more is written in the monograph of Becker
osescerning these movements. But even now, with almost none of
the old workings accessible, their large development is well shown.
The memt noteworthy examples are as follows:

Mexican Fault.—In the Mexican ground, on the Sutro tunnel
bevel, & very strong east-west fault was followed into the diorite
«f Mt Davidson, and east into the hanging wall block for several
Bundred feet. No ore was developed, and the work was aban-
dened. Pyrite was very abundant, however, in the erushed zone.
This fault was nearly vertical, with a slight inclination to the
serth.  The throw, from all appearances seen, as striations, ete.,-
was down to the north, making a normal fault. This line of mo-

L T

‘G, P, Bnkcr Monograph III. U.S.G.8. ‘‘Geology of the Comstock

fanie."’
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tion is directly in line with Ophir Ravine, and no doutt wae $ha
main cause of its formation, as noted in general by Ko
quoted above. )

Bullion Ravine Fault.—Bullion Ravine is likewise deierpinng
by a fault plane, in this case shown largely by stratigraphie sud
physiographie grounds. A new geologie map is necessary 1o shasw
this fully, as that of Becker * is in error at this point. Isy the
first place, this rocky ravine shows plainly that erosion has b
nothing to do with its formation, for its hottom has never Lo
occupied by a stream. Becker notes many times that the VR
of the region has been little or nothing since the vein formatim,

" and this is merely a case in point. Morcover, in the second phace,
here is a structural discordance between the walls of the ravizs
The north wall is solid diorite to the summit of Mt. Davidson, The
south wall is diorite farthest east, but andesite a short distamor
west up*the ravine. The contact between the two rocks appears o
be in the exact center of the ravine, but is obscured by stirfam
wash.

Other Ravine Faults—The ravine leading up to Mt. Butler, i
and Crown Point Ravine farther south, have “not-been_cxamined
in detail, but they partake of the characteristics of the otherss
typical fault ravines. Becker, though noting this, fails to gize
supporting evidence because he attached no importance to their
structure. Such evidence is plentiful for all these east-west
gulches, the most important of which is as follows:

1. The erosion of the ecountry has been very little sinee the
faulting, so that we are driven to look for other causes for the
formation of the topographically striking ravines. In the case ef
Bullion and Ophir Ravines, at least, this cause has been shown te
be faulting. Becker’s reason for a lack of erosion seems to e
in the close similarity of the contours of the actual faulted sur
face with the theoretically deduced one. Further reasons, and
conclusive proofs, are: (1) there is little or no removal of the
thoroughly decomposed country rock near the lode; and (2) the
present surface of the lode, or its outerop, is that of the original
lode apex, formed under practically no pressure from above and

teftur

* G. I, Becker, Mon, 11T, Atlas, U.8.G.S.
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it gk semoved by atmospherie agencies. The cross-section of
e wjpeT portion of the lode, figure 1, shows this structure.

#  There is no stream worn material of any sort, except very
sy, in these ravines, nor any outside their mouths where a de-
gowett woald take place by stream action. The whole region is re-
aashable in the lack of all such material.

Yo faults from Bullion Ravine in the hanging wall under-
gouwtd have been seen, because this area is not accessible. But
w0 e sarface, east of the lode, there are many very well defined
ot west faults, some of whicli are filled with caleite. A few have
fuwsy prospected and considerable ore extracted. The ridge run-
gimg east from Bullion and Crown Point Ravines is a locus of
' fhame movements.

' Cedar Ravine and Cedar Hill Cafion—These are the large
gdekes on the north end of the lode. Cedar Ravine is due to the
suaface effects of the east-west motion exposed underground in
Aw Sierra Nevada mine, as is Ophir Ravine the surface effect of
i« fauit shown in the Mexican mine, Cedar Hill Cafion is rather
Bugsed the limits of the lode, yet deserves mention because it is
the abarpest cut of all the fault ravines, and, like Bullion Ravine,
s the faulting by the stratigraphie relations of diorite and
wudesite. In both instances the andesite abuts against the diorite
oy # plane which oceupies approximately the center of the gulches.
& Bullion Ravine the andesite is south of the diorite; in the
pswibern fault caiion, the andesite is north of the diorite. This
sidenite is *Becker’s “‘earlier hornblende andesite,”’ which has
Buwes shown to be identical with the porphyritic facies of the di-

wride mans.!  Ilence, an abutment of one of these rocks upon
ite eaber indicates a fault plane. '

. There appears even yet to be a doubt in the minds of some
#eedagiata, for instance, Lindgren,i as to the correlation of the '

i
Chsmtock rocks. The evidence for this correlation is, of course,
of two kinds: (1) microscopical, and (2) macroscopical, includ-

*#, ¥. Becker, op. cit.

* ¥itague and Iddings, Bull. No. 17, U.S.G.8. ¢“On the Development of
 ¥apwailization in the Igneous Rocks of Washoe Co., Nevada.

¢ W, Lindgren, in one of his numerous papers, states that he belioves the
Camatmk rocks to be separate flows.
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ing both field and lnbomtory work. The wicroscopics] eyide
of Tlague and Iddings needs corroboration on hut one {momnilbiie
point—that of the undoubted occurrence of fresh tugite as Phe
clief ferromagnesian mineral in the diorite. The field evides,
howe\jer, seems to be insufficient regarding the dinhase amd i
rite. The present writer, through late mini ng work, is in peosen.
sion of the facts necessary to prove beyond the shadow of & ehouhe
the eonclusions of TTague and Iddings. The IHale und Nutrtaona
tunnel into Mt. Davidson, just north of Bullion Ravine, L
brought to light these facts, and also a number of structural farta
of the most vital importance. The structures shown will be din
cussed later, and a note on the rocks will be placed near the etsd af
‘this paper.

Forks of Comstock Lode~The main forks of the Commsdend
lode, bothanorth and south, are quite similar in their action on ™
formation of the fissure as seen to-day. Of the Sierra Nevads
fork, which strikes nearly east and west, the writer can Y
nothing, for so much of the old ground is not open. Howeser,
the east-west slips are well shown undereround in the vl
workings, and this portion of the lode country appears to be #
locus of these movements. The large southeastward bearing
“fork’” of the lode which runs toward Silver City, has some pevsss
liarities which deserve mention. In the first place, this so.called
branch is not a mere fork of the lode, but as a fault continues st
of the lode into the mass of Mt. Davidson west of the sumseit
Bullion Ravine exhibits this fault in the best manner. As already
noted, the south wall of the ravine is diorite for a few hundsd
yards west up the guleh, when andesite appears from the botties
of the south wall clear to the top. The topography also shows the
change, the diorite portion being steep and precipitous, while the
andesite is smoother and of more gentle slope. The transithn
from one to the other is abrupt. Some prospecting hus Iwes
done along this line and some ore found. The gangue in the
Silver City portion or ‘‘fork,’” as of a few of the east-west veirs
cast of Bullion Ravine, is largely caleite. Granting the identity
of the rocks as set forth in the work of Hague and Iddings, this
difference in gangue mineral from the silica of the lode proper

Hatie
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saey b aceounted for, in the most probable way, by assuming a

B evnee of age.
 Fawlt in Andes Mine and Central Tunnel.—The Andes mine
wsebings and the Central tunnel show many east-west faults.
Phurw s & great complexity of these in the surface workings, as
# ®» be expected in the great lode. The largest one in the Andes
“anta off sharply one of the bigeer quartz bodies between the horses
of diabase. Others, of less extent, but still of some size, cut
wresns the vein proper, and act as channels for mineral solutions,
s will be mentioned later. These motions are shown by clay and
' guilend pebbles of quartz The east-west movements in all the
snfare workings are characterized by identical features. A very
gewliar action is now taking place along one of these cross frae--
t4sew in the Central tunnel, where there is little circulation of
sir. eharacterized by the deposition of pyrite from an acid solu-
K, »
BONANZAS.

Yirginia City.—The formation of the Virginia City bonanzas
# peculiar, and has never yet been concisely presented. The
gevscnt developments in mining work have thrown much light
sgwe this question of genesis. In the Virginia City portion of
the bade the ore occurs not in the main fissure, but in openings
wr “yeina'’ in the hanging wall, which occupy nearly vertical po-
sithuss (see figure 1), These ““veins’’ are more nearly allied to
gush veins than to what are usually called ¢‘fissure veins.” The
“aeenndary vein’’ now so productive in the Ophir ground, has
bewweht to light some valuable and interesting faets. (1) It has
Sewws found only in the lower mine levels, either as a mere fault -
wae or & productive deposit. (2) From the lines of motion pre-
wraed finely in the clay gouge, the relative movement of the
walls is seen to have been nearly horizontal, whether north or
south the writer is not able to state definitely. From the parts
of the *'vein’’ observed, however, chiefly on the 2050 level, it
swmaerl probable that the motion was to the south for the east
wall. dipping downward about four degrees in the same diree-
tasn. This corresponds to the view that the vein itself is due to a
galling apart of the rock mass, causing the greatest openings to




184 Unwversity of California Publications. e

the north, in the conecavity caused by the bending of the ** '
to the east at the north end. This northeastward SWillg catwn
the secondary opening to become nearly parallel to the Siers

Nevada fork, as shown diagrammatically in figure 2. The thieki.

vein'

Hanglng Wall

Diabase (n part

Foot Wall

Dierlte

Fia, 1.—Cross section through the Comstocklode.

ness of the ore body within this opening inereases with depth up
to the present time of working, and some very rich ore is being

extracted. Exact distances and figures cannot be given, on account *

of the methods of mining now in vogue. The ‘‘vein’’ has been,
and is, productive up to the 1800 level of the C. & C. mine and
down to the 2250 level now being worked. The ore is not evenly
distributed, but is in more or less well-defined chimneys or
shoots, connected by material of too low grade to be worked. The
form of this secondary vein, then, is a nearly vertical fissure
about parallel to the main lode and east of it. In portions of this
vein, particularly where opened best in stoping, a dip to the cast
is present. :
The lode at the surface shows an arrangement of vein filling
and ore in every way due to the same causes which produced the

e s

o R kT R
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sevaeafary fhsures at greater depths. The ““west vein’” and the
e aaad sein’' at the surface have been earvefully deseribed many
giaues by previous observers,* and the fact that only the ‘‘east
wein'’ earried values has caused much discussion. This ‘‘east
swin '’ i merely the gash which reached the surface, thereby ap-

Y. 2.—Ground plan of Comstock lode, showing disposition of faults.

pvaring a8 a vein occupying a fault plane and resuitant fissure.
Thene three gashes—the surface ‘“east vein,’’ the famous bo-
meriga, and the ““vein’’ now being worked, aﬁ have an identical
envgin, Their formation lies in the fact that the lower part of the
Banging wall block has settled more than the upper, relative to
the foot wall, and has been torn apart by the stresses developed.
This form of ore deposit is rather new, and because of its evident
bmportance deserves a distinetive recognition. The term ‘‘gash
wein'' is not suitable, obviously, and the name ‘‘rift vein’’ is sug-
gested to cover the structure. '

Guld I1ill.—The bonanzas of Gold Hill are found in the lode
peoper, near the east wall, and east of the low grade quartz. The

* (. ¥. Hecker, op. cit. Clarence King, ‘‘Survey of Fortieth Parallel,’’
¥l 111.  John A. Church, ‘‘The Comstock Lode—Tts Iormation and
Bistasy."’
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differences in the form .of the bonanzas in the two portions of 1he
Comstock lode have been noted by other observers. In Beceker's
monograph,® von Richthofen is quoted as writing: “The ore is
distributed in a different way in the northern and southern paria
of the vein. * * * In the northern part the ore is concentrated
in elongated lenticular masses of which the greatest axis is el
far from vertical. * * * To the south the ore is concentrated in
continuous sheets, the principal one of which is very near and
parallel to the eastern wall.”” This difference in the form and
occurrence of the ore bodies is a very important matter, bath
from a scientific and an economic standpoint. This subject, and
what grows out of it, is the main reason for the writing of this
short paper, for a proper view may increase the life and output
of the mines very materially.

e peculiar bonanza oceurred in the Gold Hill group, in the
Yellow Jacket mine. The explanation of this, as of the others, .
will be given later.

IIALE AND NORCROSS TUNNEL.

The structures shown in the Hale and Noreross tunnel will
be mentioned together, for the sake of simplicity. This tunnel,
running N. 75° 'W., enters the slope of Mt. Davidson at the 1lale
and Noreross shaft (see figure 2). At a distance in of 1,080 feet
the footwall of the lode is reached, the so-called ‘‘black dyke.'
1. Proceeding in, at a distance of 3,720 to 3,750 feet, appear ap-
proximately vertical slips striking N.W.-S.E. parallel and in line
with the Silver City lode as shown on the surface. A second
well developed slip parallel to these occurs at a distance of 4,530
feet in from the mouth. 2. In nearly all portions of the tunnel,
but particularly between the lode and 3,500 feet in the tunnel,
and from 4,500 feet to the end (5,085 feet on Feb. 12, 1905),
are scen slips parallel to the Bullion Ravine fault; that is, ap-
proximately parallel to the course of the tunnel itself. These
indicate unmistakably evidence concerning the existence of the
Bullion Ravine fault underground. 3..At a distance in the tun-
nel of 4,908 feet occurs a very strong vertical north-south fauit.
The cast wall is the diorite of Mt. Davidson, and the west wall

* G. I. Becker, op. cit,, p. 17.
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s the same rock which forms the hanging wall of the Comstock
snde, the diabase of Becker. This rock continues to the face
¢ given above), and no doubt shades into augite andesite farther
wwsd, just as in the cast country. Thus the diorite of Mt. David-
s B terminated cast and west by identical structures. No
daubt tunnels north and south would develop the same conditions
wn the other two sides, as indicated by the surface structures.
§ West of this west fault just noted, the prevailing slips are per-
gendicular to the tunnel and dip to the west, in contradistinetion
4o the castward dipping slips near the Comstock.

The west diabase, as it will be called, now shown in the tunnel,
i much froctured and filled with veinlets of pyrite. Some films
«f galena and sphalerite up to one-eighth of an inch in thickness
alwr occur fifteen feet west of the fault. These gave some values
by assay. '

DEEP ORES AND WATERS.

The ores are doubly interesting from that fact that their

depanition still continues, due to faulting opening up new fissures
and fractures, and from the fact that the mine waters are, for
sach waters, rich solutions yielding very positive results to fire

amay methods. The ores are moving in two ways: upward and
downward.

That the ores have moved upward at more than one time has
teen noted best by Becker.* He writes (page 219): ‘“‘In the
great California and Virginia bonanza several streaks or veins of
wery rich black silver ores, said to be largely stephanite, occurred.
These were separated from the surrounding quartz very sharply,
as if of later origin.”’ Again (page 221) he writes: ““What I
bave scen  * * * leads to the belief that these rich concentra-
tions were of later origin than the rest of the ore. The quartz
fa the C. & C. was almost everywhere a crushed powdery mass,
while the thin and persistent veins of black ore running through
it were very solid. A somewhat similar relation seems to have
eabsted near the croppings, and it is not impossible that these
eres were formed at the expense of others of the more usual
kind at a later date, and that they occupy spaces opened in the
ore masses by faulting action.”

* G. F. Becker, op. cit.
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The writer had hoped to present even more conelusive 34
denee of successive deposition and its recency, but OWIDE to e
fact that the lowest mine workings are not open to oulabbegs,
this beecame impossible. However, such evidence as already e
sessed is as follows:

In the ore bodies opened within the last year on the ** s
ondary vein’’ now worked, some pertinent facts presented thews
selves, The finest specimens of ore show often very perfeet eryn
tals of stephanite and argentite coating, or wedged  betwenss,
quartz erystals. Coating one side, the downward side, of all the
minerals, is a thin layer of caleareo-siliceous material. Below the
surface erystals'of ore and quartz is a layer of quartz, resting is
turn upon a second layer of calecareo-silicecous matter. This shusss
below it a second layer of ore, resting upon quartz (:ry:;lnh, ansd
so dh, the series often repeating itself several times more or less
perfectly. In that portion of the ore occurring in the lowes
depths, from which the water has been drained but a short timse,.
the surface layers of ore, quartz and calcareo-siliceous mattes
showed clear and fresh, while on standing in the open, or in the
higher portions of the vein, the same minerals appeared dusty
and old. In some of the vugs in the lower portion of the ore
body, quite a number of small but perfect rhombohedra of ealeite
were found; also, as noted by Becker, old fractures in the ore,
caused by faulting movements, are cemented with quartz and ore.
In the ores now worked, however, the motion appears to have

“been a pulling apart, for breeeiation, though present, is rare, and

the two sides of a cemented break are usually fully ecomplemen-
tary. 'This process of successive deposition is not limited to the
Virginia City portion of the lode, but is found quite well de-
veloped in the Gold Iill mines, and in the caleite gangue of the
Justice ore body.

Further uncemented fractures present themselves as indi-
cators of motion up to the present time, since the withdrawal of
the waters by the mine pumps. The great volume of water stilf
entering the lower workings also contributes abundant proof of
fissures kept open by late motion, for the lode proper, where eut
by the shaft, is reported to have been completely filled with
quartz.
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Awalysis of Waters—The ore now being mined below the
132 bevel, which was all below water level within a few months,
shews the same conditions, with the surface minerals in the fresh-
et promaible condition, precisely as if just deposited from solution.
& sedable fact of these lower deposits is the greater proportion
of gedd to silver than was found in the ores above. On the 2050-
gt devel and below, considerable free gold was found. The
sutias] process of deposition cannot well be watched, hence as the
fumd sulstitute the deep waters from the 2250 level of the C. & C.
sbaft were analyzed and assayed, to determine if they were able
s o such work as indicated. They are exactly suited to this, as
e following facts will show. The water is the typical deep
water of the Comstock lode whose temperature has reached as
Bigh as 170° 1, and is always over 116° F.:

ANALYSIS OF MINE WATERS.*
Grams per liter.

QU v g mons 5 e 6 8 acsis 4 wowae sioie a pacdld § S AAS 0.1334 ~
.0025

Total 80ldS .vvevurnrnesernnans .9(55-6

Aassy of Waters—From an evaporation of 10 liters of the
water. the following assay values were obtained. This work was
mend earcfully done, and the resulfs are accurate. The gold but-
gaen oblained by parting were measured by a mieroseope and their
watght ealculated. This result may therefore be a trifle high, be-
e of the possibility of the gold being slightly porous. The
fitkarge used was remarkably pure, a number of test assays on
}e¥gram charges failing to show the merest trace of a button
wswler the highest powers of the microscope.

Bilvor, . vowsion, ..2.92 mg. per ton of solution
Gold...oevnnianns 0.298 mg. per ton of solution

* Azalysis by N, E. Wilson, Professor of Chemistry, University of
Forenda




190 University of California Publications. { O s anen

The analysis of the water showed it to, be-an alkaline sulpbase
and carbonate solution containing a large amount of lime The
presence of chlorine is important as affecting the gold in sl b bo
The CO, determined is low, for on standing, some of this gas b
given off and the silica separates out in sufficient amount to pes.
der the water milky. The writer has been unable, for stated res.
sons, to test the water in the mine. The jugs of water st
for from 48 to 64 hours before testing, hence the fizures for the
carbon dioxide need considerable correction. On evaporating the
water and moistening the residue, a strong alkaline reaction be
obtained by litmus paper.

SURFACE ORES AND WATERS,

The ores are moving downward by the leaching action of the
acidasurface waters. In this way they are extracted from theis
containing rocks and redeposited below. This process in the pus
has produced the striking ‘‘nodular’’ ores of the Andes mine,
noted by King * as occurring just below the level of ground
water. These ores are now in their turn being attacked and
again being carried below. A striking example of the ore dejwes
ited by the vadose waters was exposed on one of the levels of
the Andes mine. The presence of east-west slips has already
been noted as occurring here, and one of these, dipping south *,
had opened sufficiently to allow the free circulation of water.
The slip had cut aeross all other rocks, vein and country, aml
was filled with about two inches of solid coarse black sulphides of
lead and silver. This small sheet of ore pinched out toward the
bottom of the drift, but broadened above. The grain of the orv,
and general characteristics of ratio of lead to silver, ete., were
all different from the ore which occurs below, deposited from the
deep ‘circulation. The nodular ores consist typically of nodules
ranging in size from that of a pea up to a foot in diameter, and
composed of rich black sulphide ore in a matrix of fine crystals of
guartz. Each nodule is completely surrounded by barren quarts,
which at times may penetrate the nodule along later cracks
These quartz crystals are built upon the nodules as centers, giv-
ing them a radial arrangement.

* (larence King, ¢‘Survey of Fortieth Parallel,’’ Vol. IIL.
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Al the facts relating to these peculiar ores tend to eonfirm the
abwn of their deposition resulting from the intermingling of oxi-
Ssd surface waters with deep alkaline unoxidized solutions.
Yhey are known to oceur nowhere else on the lode in any mine
waehings, although the exploration within the eroppings is very
fetde fn mmount, ;

The acid surface waters which are now doing so much work,
bave covered the walls and cross-cuts of the Andes mine with
fowa six inches to a foot of sulphates containing traces of gold
asd silver. The chief salt is the magnesian aluminum sulphate,
with also large admixtures of iron and copper, which results
§ » remarkable variety of colors. The workings of the Central
gussse) likewise shown these sulphates, but in general the circula-
~ them of air is too rapid to allow of their great formation except in
wane favorable localities. The composition of these salts is

shuswn as an average in the water analysis following. In the Cen-
¥sal tannel in one particular spot, where the surface waters are
wet fully oxidized, ferrous sulphate and pyrite are being de-

gusited] nt the present time. Some sulphates are being . formed
Serw in delicate needle-like erystals containing a large amount
of the ferrous salt. Bright, well-formed cubes of pyrite and
wawe few dark sulphides, too small in amount to admit of testing,
ervar below and within the sulphates. Not infrequently a llttle{
erystal of pyrite tips a needle of sulphate where the solutlon\
b plentiful.  Also, almost solid masses of the sulphide are found
within the wall in the partly decomposed country rock. The
water is descending along an east-west slip which dips to the
wawatk, The clay, or clayey rock, upward along this slip is full of
gnite, but this mineral is heaviest near the wall of the drift.
where the solution is able to cover more ground. The clays of the
wpper portion of the lode are all found to contain well formed
bat small crystals of pyrite containing some value. There is
peubably but one process responsible for all this, and a possible
reaction of the surface waters to produce such a result may be
eapressed as follows:

FeSO, 4- 21,80, + TH, ,50,=FeS, + 8H,S0, - H,0.

This reaction is, of course, possible only when there is an
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insufficient supply of oxygen, as occurs locally in thig part of the
Central tunnel,

The water surrounding the sulphates and pyrite being de.
posited, is strongly acid, the most so where the pyrite is heavies,
As the wall is worked into, the acidity becomes pereeptibly Jows,
The ferrous sulphate appears to exercise the necessary protecting
influence over the pyrite to save it from attack by the free acid
or further attack by the small amount of free oxygen pPresent,

Analysis of Waters.—The analysis of the vadose water, fros
Central tunnel, taken from dropping stream out of the wall o

the lower level, is as follows :*
Grams per liter,
0.6160
18.2140 -
7.178¢
1.2500
1.7400
10.8108 -
0.1850
. 70.1154
0.1276
trace
0.7209

Total solids .+..110.9583
Freeﬂ H.S0, ..125.0804
The remarkable properties of this water are evident, Silica
is notieeable in amount, in spite of the strongly acid solution.
The salt is seen to be essentially a magnesian ferrie aluminums
sulphate, with lime, copper and manganese. These mine solu.
tions vary, and the writer has taken from the roof of some of the
old stopes stalactites of quite pure copper sulphate. The water
analyzed was a fully oxidized solution ; the water depositing the
pyrite is only partially supplied with oxygen.
Assay of Waters—The assay of this vadose water gave the
following results: 250cc. portions were used for each test.

BIVIE G v s s 188.0912 mg. per ton of solution
Gold 4.1528 mg. per ton of solution

It is necessary again to note the fact that some of the east-
west veins which exist east of Bullion Ravine on the line dividing

* Analysis by N. E. Wilson.
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s Virginia City portion of the lode from that of Gold Tlill, are

giaed hargely or wholly with caleite gangue. The same mineral

sits B \r‘in-ﬁliin;: in the Silver City lode. Becker * favors the
wiww that the difference in gangue mineral between the Silver
4y dode and the main vein, is due to differences of country rock.

fiad as the calcite veins exist in the augite andesite east of Bul--
_ hse Wavine, this idea cannot hold. On the fact, however, that
she 1wn lodes are due to different faults, a more probable conclu-
saues 8 that the deposits are of different age. The proof of this
faw in the examination of the point where these two lodes inter-
st which is not now possible. Published reports and maps are
fsasicient as a basis for judgment.

A further fact of importance regarding the lode, in the Vir-
gnia City portion especially, is that the width of the vein is
af1sm little or nothing in the lower levels. Moreover, the west
wall i not well defined in all places, because of a complexity of
abign in the west country. This portion of the ground in all the
domer levels has not been thoroughly prospected, in spite of the

musny thousand feet of mine workings

ROCKS OF IIALE AND NORCROSS TUNNEL SECTION.

A full report of this section is not yet ready, nor would it be
preper at this time before the tunnel is complete. A full set of
sank specimens, taken every fifty feet, and oftener over impor-
tast places, is now being collected for the writer. Iowever, the
tmpwrtance of the main faets concerning the rocks within Mt.
Iavidson is too great to allow their complete reservation at this
thme.  These facts are briefly as follows:

1. The Iale and Noreross tunnel (see figure Z) strikes the
Babe footwall at 1,080 feet in from its mouth. The first wall rock
enevuntered 1n the foot is the well known ‘‘black d}{,ke;, " of de-
wenposed basalt,7 a few feet in width. Beyond this, in to a dis-
tanee of 1,270 feet, is a fine-grained, dark rock looking much
like a fresh augite andesite. In the Mexican ground, in the cross-
«ut tunnel mentioned above (page 3), the same rock occurs
exst of the lode, shading into diorite to the west. Under the mi-

* G. F. Becker, op. cit., p. 220.

t Hague and Iddings, Bull. No. 17, U.S.G.S.
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eroscope the rock is scen to be an augite rock of a textune bo.
tween an augite andesite and a diabase, yet whick 10 egeds
is that of a fine-grained augite diorite. The augite is fresh g
in more or less irregular grains or in well formed crystals, wmd,
high birefringence, very faint pleochroism, and an exXiiicling
angle of from 40° to over 50°. The fe]dspnm' are well formd,
and crystallized at about the same time as the augite. They o
show extinetion angles of over 20°, and are labradorite. e
few flakes of biotite and grains of quartz are also Present. Ay
1,200 feet in there ocenrred what appeared to be a thin dyle of
diorite one-half an inch wide, intrusive in the dark augitie pock,
No well defined boundaries were shown, however. Farther

search showed many more such dykes at 1,250 feet, of apparetitly g

the usual pinkish diorite, intrusive in the dark rock, The miens
scope revealed the fact that the two rocks differ only in coaps
nesséof grain and alteration of feldspar, and that the change
from one to the other is gradual. The pinkish diorite was thas
found to be an augite rock with some of the large augites altered
to uralite, but identical in all particulars but grain with the dark.
colored stone. The dyke at 1200 feet seemed to show that sogse
motion took place ilme mass when still plastie, as very oftes
}mppens in igneous magmas, for the transition from the fine to
coarse grain was more sudden than in the small dykes at 1250 fend.
_Beyond 1250 the ordinary type of pinkish, coarse-grained diorite
comes in_—é;z—-ldually. The microscope proved this to be n {rue
augite rock also, with many crystals of fresh augite, and e
such changed to uralite in part, and partly to chlorite, epidete,
and magnetite. This pinkish rock continues on until at 1353 fext
a small mass of diabase oceurs, from six to ten feet wide along the
tunnel. One side of this diabase is bounded by a slip and some
brecciation ; the inner side passes into diorite very gradually.
Again at 2650 feet, and at 3725 to 3760 feet, diabase occurs,
in the latter case particularly, shading beautifully into diorite by
all possible gradations. Specimens taken here are either dinbase, >
or diorite, or both, as one may choose to call them. And the rock
is all augitie, though none of this mineral is wholly fresh. The
rock is much fissured and Jointed, so that the alteration of the
minerals has proceeded quite far.




Yot 4] Reid.—The Comstock Lode. 195

At 3350 feet an entirely new rock, as far as macroseopical ap-
praranees go, begins gradually to appear. This rock is of the
texture of the pinkish diorite so common on the surface, but is
slmost black in color, with the peculiar luster of augitic rocks.
The microscope shows it to be a true augite diorite, precisely the
sme rock as the surface stone except that its augite is fresh or .
nnly slightly altered. The usual amount of free quartz is pres-
ent. as in all these rocks, and likewise some few flakes of biotite.
This phase of the diorite mass appears to be the core of Mt.
Davidson.

Proceeding farther in the tunnel, the pinkish rock tends to
reappear gradually beyond 4500 feet, and at 4700 feet a peculiar
mottled facies shows itself. This has not yet been investigated,
but is merely a variety of the diorite. At 4908 feet in, the ‘‘west
fault,”” as it will be called, occurs, beyond which appears the
wywest dinbase.””  The rocks of this section, when properly
studied, will complete the work of Hague and Iddings east of the
Jode, and will serve to bring into greater relief the admirable
work of these men. '

CONCLUSIONS.

Form of Lode—The Comstock lode is divisible on structural
grounds into two main portions: (1) the Virginia City portion,
and (2) the Gold Hill portion./'l‘he Silver City fault and lode, or :
“‘hranch,’’ as now called, is a distinet unit, probably of later age.
The grounds for this belief are, as seen, the facts of it being a dis-.
tinet fault, and that the vein filling is different from that of the |
Comstock lode proper. The only grounds for a belief in a later
age are those of structure; it is well shown that much faulting
took place after the first formation of the main lode, and to com-
bine all the facts presented it is necessary to assume a period of
faulting not coincident with that which formed the bonanza
gushes, but later than the first faulting. In this country of great
and long continued faulting such an assumption is not without
a good basis,

The Virginia City portion of the lode is bounded on Doth
north and south by a series of east-west faults. Also, to the north,
some forking of the lode oceurs, with one strong branch bending
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“to the east in the Sicrra Nevada ground. The faults or slipm L
the south are those approximately in and east of Bullion Kavize
But few of these east-west fractures contain much secatidary
mineral. The few which do become veins are largely ealeite
bearing, and probably of different age from the others, Betsowm
these two lines of east-west motion is located the Virginia Cuy
portion; differing from the other part in having a greater rels.
tive movement of the foot and hanging walls. This motion b
been so great that an unequal movement of the hunging wall
block was produced, the bottom moving farther than the Lo,
with consequent rupture. These ruptures produced the sevnnd.

| ary vertical gashes, or veins of rifting. This motion causing rug.

' ture, however, was distinctly later in age than the first vein form.
ing movements. Hence, when the sccondary openings wers
formed, they were filled with concentrations from the Previcoas
deﬁosits as well as with original supplies from great depths. And
there is no good reason for assuming that either the movemente
or the ore deposition have ceased, but rather all facts tend te :
confirm the idea that ore is yet being moved from place to placse
in the greater depths as well as fresh supplies from below b ing
brought up by the hot waters.

In the Gold Hill portion the relative movement of the walls
of the lode has been less; there have been no rift veins formed,

" and the ore bodies are within the lode walls, near the hanging
The same two periods of deposition of vein-filling were presest
here, the bonanzas oceupying later fissures near the hanging wall
of the earlier vein. No doubt deposition is still progressing is
depth here, though not enough mining work has heen done ta
allow a definite statement in this regard. The one exception lo
form in this portion of the lode, in the Yellow Jacket mine, was
due to the fact that the vein, in its proper plane, did not reack
the surface, so that the relative movement of the hanging wall
block downward was taken up near the surface by a gash or vift.

Deposition of Ores.—On account of the importance of the
subject, a reiterated statement is not out of place regarding the
two periods of ore deposition. Tad the second of these perimds
not existed, there would be practically no ore on the Comstock.
hence the relations of these two must be of vital concern. The
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et guerdond of vein-filling was due to the primary faulting, and
wne grade oaterinls were placed in the open fissure. The second
s bater period opened new fissures, rift veins in Virginia City,
yud symniings within the vein in Gold I1ill, in which the rich con-
sundratod ores of the bonanzas were deposited. This second
govied probably continues in the depths, as it would surely do
shee were the lode still intact from man’s hand. The details
aof this ore deposition have not yet been thoroughly studied out,
g ean they be until our knowledge of the physical chemistry
ad the subjeet s more complete,

Lacalion of Bonanzas—"The deep ore bodies of Virginia City
b been, and will be, found within the hanging wall, in more or
s vertical fissures, of which the surface ‘“east vein,’’ the Great
fhueanua, and the vein now being worked, are examples. More
aged tesdies should be found by properly-driven ecross-cuts and
dnsfta lower down and to the eastward. There is also a large
stretch of the lode above the 2150 feet level which has not been
thrwaghly vxp]nrodf/’l‘he probable reason for the peculiar rifting!
af the hanging wall block is that the cementing of the first frac-
gure by quartz, and the concomitant weakening of the hanging
wall by the leaching action of the ground waters, enabled the
fader atresses to fracture the hanging wall bloek as it is found.
Yhe reason for believing in the existence of still deeper similar
rifta flled with ore is that the surface for two miles eastward
fruan the lode shows the hanging wall block to be greatly altered
b3 the action of hot waters, and therefore weakened. The Sutro
tunnel section corroborates this, and the mine workings also show
the rocks east of the lode not to be solid nor unaltered.

Also, there is considerable concentration of ore taking place
froan above by the surface, or vadose, waters. These ores will

. meeur on or near the footwalls of the numerous branches of the

Wade which outcrop on the surface, within a few hundred feet of
the outerops. Such material is low-grade, however, and. in the
main, not yet available because of the high cost of mining and
wolling, A body of future reserves is thus assured. The low-
grade of these ores has been proved by numerous assays. Fur-
ther, the west wall of the lode has never been thoroughly investi-
galed, and such work might prove very profitable.
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. b?lrufcture and Genesis of Mt. Davidson.—)It. Davidway b ¢
diorite mass bounded on all sides by faults, and has riww s
tively to the surrounding country. The Comstock lode SO e
the fissure made by the east fault bounding the mass. T qan;.
fault now shown in the Hale and Noreross tunnel is not oot il
by a vein in the tunnel; beeause the COmMPressive strowws by
been too great. Farther search, both along this fault, and passtin
ularly farther west, may easily result in the finding of ure, Thaw
are no reasons for assuming the non-existence of ore in the Aok :
country, nor elsewhere in the faulted region sn'n'mun'!mx e
Dayvidson, especially to the south, where the country ix more fome
tured and broken. :

A further word concerning Mt. Davidson may not be aais,
although the subject has not been fully investigated, on sosand
of the time necessary. On the Carson sheet* the mass of ¥t
Pavidson is seen to be a roughly rectangular mass approvimaiels
two by one and one-half miles, with the major axis north ssd
south, bounded on all sides by steep slopes.- The enstern shegs -
is noted for the. Comstock lode. The surface of this mousnsdy
mass is that of an old eroded region, as noted by Becker? {gups ‘
184 et seq.), which has been uplifted above the surrossdiog
_country. One standing on the summit of Mt. Davidson casaus

fail to be struck with the mature character of the topography.
This eroded, gently rolling surface exists well preserved in thw . -

Sierra Nevada to the west, now broken and displaced by late
faulting action. The history of the Sicrra and Virginia ranges &
identical in the main features.. These statements will be prvend
by a citation of facts in a subsequent paper now in preparations
The results of this coneeption are obvious and far reaching. The
location of the Comstock is well known on the east. On thw
south are other ore bodies in the American Flat region, but af
of the south has not been prospected. One well developed wist
fault has recently been shown in the Hale and Noreross tunssf,
and more will follow. The maximum faulting on the wes &
farther to the west than the present face of this tunnel. To the

* Carson Topographie Sheet, U.S.G. S.
T G. I, Becker, op. cit.
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. wrvggad quariz bodies are known to exist on the surface over
s i

dge Brokurm asantry, but the details here are not yet known. There

o shuelead teasol for suspeeting the existence of ore on other

asie of M1 Davidson than the east.

. G el y of Neovada,
Bemo, Muy, 1905.

wme A the present  date, July 6th, 1905, it can be
Bustaly ated that ore has been discovered in well-formed
P R L Jumbo Districet, about two miles west of the Com-
by Lanbe, o0 the west slope of the Davidson Plateau. Also, the
R el Norerms Tunnel, though not yet far enough west to
' eanbop ore bodics, has cut into a large flow of warm water in the

| ired " west”’ eountry.




