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CONSOLIDATED VIRGINIA,COMSTOCK. 

Notes from Report by Oscar H.Hershey, May 28th,1934. 

Correction(?) to Becker's 1882 mapping. Becker,in his section thru 
the C&C shaft,showB the lode as an alternation of 3 bands of quartz and 3 
bands of mineralized diabase. Hershey thinks the diabase is Mt.Davidson 
diori te . (FW is diorite). FW of lode shows an i¢'rregular and discontinuous 
band of fine-grained repla~enent quartz. 

Along the •• xE ridge west of the Ophir tank there are two small 
areas of dark green igneous rock called" intrusi ve andesi te" by Hershey, 
and supposed to be xenoliths in the diorite. 350' x 100',and 150'x75', 
respectively. On W border of smaller xenolith is a short segment of good
looking iron-stained quartz. Another unprospected quartz vein, traceable 
for 900' ,lies near the Ophir tank,"back of the lode proper" (probabll in the 
FW),a rather narrow band of qtz.showing ribbon structure.Dips SE 50 near 
bottom of Ophir ravineifarther SW it may have a reversed dip. It widens 
to more than 50' where it has intrusive andesite in the NW wall,replacememt 
quartz in the SEC?) Hershey"SW" ,wall;but where in the diorite alone,it is 
only 5-10' wide. 

Comstock Lode. Western (FW)band. N20Ejwidth varies from 40-250'. A zone 
of silicified dioritw with many seams of rather coarsely crustified quartz. 
Somewhat porous and iron-stained at the surface. One surface cut was deep 
enough to cut material showing fine-grained galena and other base sulphides. 
Dip at the surface seems to be steeply westward,hence Hershey avoids term 
FW bandjbut this zone represents the early period of vein action (i.e. 
mineralization closely resembling that of the main or footwall Comstock 
lode) found near the footwall of the Comstock lode. 

An escarpment due to deep mining in the Con. Virginia and California 
mines has formed,apparert ly over a length of 1900' ,an-d-a-:r:;~t!l€~~nrn:ffi1~ 
~ weas8pn band. The quartz seen along the escarpment is crushed and 
yellowish,and resembles that of the second stage of mineralization, that 
characterized farther south along the lode by calCite-quartz orebodies. ~ 
Thinks the subsidence that formed the escarpment has occured along the FW 
of a band of qtz.different from that of the western band described. Evident
ly the two are close together,for without the escarpment a vein would have 
been exposed 1800' long and 400' wide. Debris obscures the picture.Appar
ently a diorite horse between the two bands. 

Eastern Band. Seems to be associated with a strong gouge fault,called 
the "East Clay" of the early miners. This has crmshed and dragged bhe quartz 
~n contact with it. Back of it is a greenish andes~te ,the diabase of BeCker • 
.L'ault dips ':lOW. F (, ' .. II .II"",: II~ F'vv d f -) .... a;-

I 45SW 
Transverse faults. (1) Quartzvein,N45WIIOtqtz.,Fe,Mn stained.Light 

grey gouge band on HW. Comstock lode displaced by extension of this fault 
up Ophir Ravine,for the replacement quartz band is shifted NW 400' on the 
NE side of the fault. Lode on the NE side of the fault appears to be much 
narrower than on SW side • 

this 
have 

. ~ If Comstock lode dips normally,i.e. E here, 
displacement is apparently reverse;but if 
Comstock dips west then normal moveme(lJt sug-

1
.l' 

gested. Upper parts of lode A stand steepll1~ ,'- 'I r 
Vein narrows at fault from 550' width(SW)to 150'(NE). About where 
fault projects downward old maps show little exploration. May not 
picked up faulted segment in the large Mexican claimjmay be large 
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orebodies here,near surface. 

(2).Spanish Ravine fault. N55WiHershey thinks lode has been shifted 
NW several hundred feet on the NE side of the fault. Subsiding block 
mentioned lies between the Ophir Ravine avd ~panish Ravine faults. Bon
anza stopesin this block. :spanish Ravine fault in part pre-mineral • .l:!Iast 
Clay fault looks post-mineral.(The East Clay ~ think is paralle to these 
steep-dipping subsidiary membersof the Comstock vein system,Bince it aips 
70W). Hence he thinks East Clay may cut the other faults;and says that if 
the East Clay reverses its dip at shallow dept~ as seems possible,the 
movement must have been largely horizontal,else the rocks would have been 
crushed in a broad belt. Thinks east side has moved southward. 

Old Upper Workings to 250' level. Considerable bodies of intrusive 
~desite with the lode,probably xenoliths like those seen on the surface. 
aries from dark green,fine-textured to typical intrusive andesite xs ~ 

suchj as is common on the E side of the lode. ~ore vein matter seems to 
have been formed in the andesite,but higher values seem to have been found 
in veins formed in the diorite. . . 

Ore guides:Presence of ZnS,ccpy,py and PbS in the quartz. These occur 
~ in fine grains irregularly disseminated through hard quartz or in seams 

or pockets of pure sulphides to several inches thick. These latter do 
not assay as high as might be expected;but they must be present to make 
the vein matter assay more than a dollar ~ xmmx or two. ~cpy since mining 
oxidized to chalcanthite,pale blue hydrous sulphate. Zone of oxidation 
was shallow in very hard quartz;at its bottom,some sooty chalcocite and 
malachite. 

Gophering at Con.la.end of mine;real stopes at Oph6r end. On 75' 
level from S shaft (Con.Va.end) vein is 30' wide,dips 45 W. Ore only as 
small irregular chimneys. On the Ophir end however the east qtz.vein was 
largely stoped. Shaft sunk in a filled stope, fill said to run $7.00-8.00 
per ton. Crosscut in HW of stope shows 20' grey qtz.with sulphides. May be 
ore. 157' level.filled stope 400' long,mostly narrow,a paystreak in a 
vein 35-50' wide. For 150' stope may have averaged 25' wide. 4' roof sample 
ran $14.75. 

Between East vein and next vein to west,horse or belt of nearly barren 
diorite. To 140' wide. On 75' level from S shaft this horse bounded by PM 
fIt N25W,dip W 65-75.Strong 40'qtz band sliced off obliquely by this fIt. 
This may be E vein faulted NW as much as 100'. Small stopes in this vein; 
qtz formed in large xeneoliths of intrusive andesite,to 55' wide.Dio~ite 
on HW side of vein,another reason to think this vein a segment of the E vein. 
It dips 45W. Unless movement was horizontal,the PM fault must be a reverse 
fIt. 

The barren diorite rib seems to pinch with depth. 

Report on Ophir and Ualifornia Mines by Howard W.Squires,May30th,1934. 

Location: N end of Comstock lode,in Va.City.Adjoin.Ophir bounded on 
N by Mexican claim;675'on lode. California bounded on S by Con.Va claim; 
600' on lode. 

Lode a series of parallel veins. O~d Uphir bcnanza,surface to 500' 
said to have produced $20,000,000. The valifornia produced~ lower 
grade ore from the surface,1859-l872. (JrCctlf4 #r 
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Ore Blocks: .California South Orebody. Apparently to 104' level. 
~assive white qtz,irregular shape, dip (pitch?) to at 40~,seems to rake 
do~n to the N,and widens with depth. 35'wide,75'long on 75' lev.Smaller 
above. 123' bottom level.No workings below. Tonnage on basis of 75' ave. 
length,25' width,295' on dip,allowing 100' exyension below 123' lev. 
553,125 cu.ft.25% refoved by workings,leaving 414,844 cu.ft.@ 13 cu.ft./T 
equals 31,972 tons. alue,from 130 samp1es,ave.$11.69/T.Contained value 
$373,752. 

B, Ca1if.N Orebody. Massive white qtz. ~eve1oped,207 ' 1eveli and 
above. Vertica1,as wide E-W as N-S. 60' wiae and'long. 3000 squ.ft.,deve
loped vertically 202'.A11ow 50' up and 50' down. 606,000 cU.ft. 20% removed, 
leavi~ 484,800 cu.ft.or 37,292 tons. Value $5.82/T. Contained value $217,039 

C.Ophir orebody. Triangular. 11,230 tons,@ $6.26,$70,299. 

D.Ophir. 33,692 @ $7.89,$262,797. 

E.Ophir.19230 tons,@ $6.73,$126,533. 

F. athews. 21,769 @ $19.43,$422,796. 

G.Ophir. 20' wide. 27,138 tons @$5.0l,$~35996l. 

Total 182,314 T @ $8.28, $1,609,177. 

Dump Ores. Gold fieured @ $35,Ag @ 64 1/2 c. Dump ore 25,000 tons! first 
dump. No.1 Tunnel,50',2l samples.Ave.$4.8l.No.2 Tunnel,60',24 samples ~6.64. 
42 samples. 5.32. 

Brewery Dump. 70,000 tons.l? samples:$4.85j79 samples:~2.39;26 samples: 
$3.80;52 samples:$3.20j14 samples:$3.38. 

Costs:Most orebodies must be timbered. Square sets. 

100 Tons :Mining $3.l4;mi1ling $1.42. 300 Tons: lining $2.00idevel. 
$0.24;m1l1 $l.25;office $0.15;misc.$6.49. Total $4.14. 

Cost of uhove1ling from Surface Open Cut. At Arizona Comstock,now 
delivering 300 tons ore to mill,froro open cut.Company does sampling, drilling, 
blasting,and direct gaspower shovel as to ore and waste or overburden. Con
tractors furnish shovel (7/8 yard tractor shovel,swing 40'.A1so trucks.They 
shovel and deliver ore to mill for t50 cents!!. Total cost to deliver ore 
60 c/T;waste removal adds 20 ciT. 

Block H,figured later. 4ffi,559 T @ $8.68,$360,558. 

Total now 223,853 T,$1,969,735,ave.$8.80/T. 95% recovery,cost $4.13/T, 
net profit $4.23/T,or net of $946,898. 
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DAB GUTACHTEN FERDINAND VON RICHTHOFENS UBER DEN COMSTOCKGANG UND 
SEINE BEDEUTUNG FUR:DIE GEGENWART.---- --- ---

(The Opinion of Ferdin~and v. Richthofen on the Comstock Lode and 
it Present-day Significance). 

B. Knochenhauer: Zeits.fur prakt.Geol.,47 Jahrg,Heft 3, 
Marz 1939,42-53. 

Translation in Abstract. 

1. Introduction.- The development of the Germa~n mining industry 
especially in the last decade,has been marked by a decided change in 
emphasis from ore (Erz) mining to that of coal and potash. Once the 
Germa¢'n ore miner wandered to the ends of the earth and was sought afte 
as a teacher. At present the mining of ore has dropped~to 0.6% of the 
total production of German mines. Because of the Four year plan, it is 
now necessary to direct the emphasis once more to the mining of ore. 

Eduard Suess called the Comstock the greatest precious metal depo
sit; mon Richthofen made the first scientific study of it,and the later 
American geologists·Becker, King, If.A. Church etc.,built upon the foun
dation f~rnished by v.Richthofen. Unfortunately his report is not avail
able ~n German, and has never been entibely and correctly published at 
all. !he Sutro Tunnem Co. has suppressed it; stray copies only are 
found in private hands. 

The U.S.G.S. under King later published a monograph: Geology of 
the Comstock Lode and the Washoe District, Mono.3, l882,by G.F.Becker; 
t r.ere also appeared the other standard reference work-Comstock Mining 
and Miners by Eliot Lord,in thesame year.(Can't find any reference to 
this in "Geologic Lit.N.A~) ~ecker's monograph contains am abstract 
66 Richthofen's conclusions;in many places the abstract is faithful, 
but many conclusions are o~tted that appear wprth knowing today. 
One does not realize, from ecker, who the authour of the conclusions 
is,and he gives neither the beginning nor the end of the Richthofen 
repor). EspeCially, all the reasons are ommitted that argue the pract
icality of a deep tunnel. Lord does not even mention v.Richthofe~ • 
. These omis sions may be correct ed only by recourse to the original re
port, together with the two monographs. 

The report was delivered to the board of trustees of the Sutro 
Tunnel Co. on the 22mi November,1865. Sutro, a native of Germany, had 
~y 1860 realized the necessity for a drain tunnel. But it was only in 
~ebruary,1865,that he had the necessary funds spromised. In Paril 1866 
the plan was formulated as a cooperative ent!erprise of the larger com
panies. Since Richthofen's report had already been delivered it is a 
fair assumption that it formed the basis of this entreprise. In spite 
of this, the actual financtng was slow because powerful opponents to 
the scheme arose;the most pov/erful was the Bank 'of Californ'a,which 
offered mining companies cheap money forpumping;on this ~ost of the 
companies took back their pledges. The impat~ent hope to make big money 
from' the bonanzas as soon as possible affected the companies more vitall 
than did any anxiety for the long-term future;the latter was what R. 
had had in mind. 

Sutro was undiecouraged;nevertheless many years passed before fin
anCing reachedthe stage where work could begin. In Sept.187l a oompro
mise satisfactory to both sides was reached,and then only after the 
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industry had suffered greatly from flooding of the mines. And after 
all, the financing had to be by European capital. The tunnel was fi
nished in l878,much too late to be of maximum serviceifor by that time 
most stopes had passed beneath the tunnel level,and md been mined in 
manners that would have been unnecessary had the tunnel been there 
before. The whole story was one of trouble and vituperation,and this 
probablr explains why R. would not remain longer in America despite 
Whitney s pleas,and why he never wrote about the Comstock again. This 
is all the more regrettable because after all these years and the great 
advances made since it was written, the report must still be considered 
a notable work. The observations and conclusions laid down in it are 
not to be discarded today. On the contray, they should prevail over 
the many other attempts at explanation of the genesis of ore deposits 
that have sprung up since,and that have le~d to incorrect generalization 
The only things to re changed are the views on the petrographiC aharac
ter of many Comstack rocks. This translation of the report into erman 
should be all the more welcome because concerning R's activities in 
America (1862-l868)there is nothing to be found,either in German litera
ture or in the papers left behind on his death. The work below is based 
on his original report;omndtted are merely certain details on the mine 
workings;however,many parts of the report are abbreviated. 

The Comstock lode lies on the east flank of the Sierra Nevada ••• 
The Washoe district is a plateau of about 2000 m. elevation. Locally, 
deeply incised canyons have cut down to 1500 mjthe Virginia (Mt.David
son range) rises several hundred meters above the average elevation of 
the plateau. (Mt. Davidson-2400 m).Virginia City itself, and the outcrop 
of the lode lie a~ about 2000 m. elev. The accompanying plan and section 
are reduced from Becker. 

' -

In R's time the greatest depth reached hardly exceeded 200 m.;the 
~utro tunnel was to tap the lode at a depth exceeding 500 m. Opinion 
was divided as to whet~r the lode would descend to this depth. Richt
hofen decided it would,with the qualification that especially rich 
bonanzas would become rarer with increasing depth. As 900 m. was passed 
at the end of l880,minable ore was still being found in satisfactory 
quantity. That nevertheless the work was mostly stopped at this depth 
was due to t'he unexpected influx of hot water,unknown in R's day •••• 
Later the geneSis of the hot springs was investigated. Becker found 
that they were hottest at the lode,decreasing in heat with distance 
from ht. R showed, 50 years before his time, that the source of the 
lode minerals' was in the depth of the earth; Becker leaned toward the 
lateral secreition theory. 

~. The Comstock ~ and the Question .2! lli. Exte1lSi<in .!.!! Depth.

General Geology (Abridged). 

The Washoe district represents a transition phase bwtween the 
Sierra Nevada, o~pdthe Great Basin. It has in common with both the many 
'rertiary and ~-'ljertiary eruptives;these help make up its structure. 
Mt.Davidson is composed of diorite;north and south of it lie metamorphiC 
the youngest of which is Triassic. In part overlying the metamorphic 
beds is quartz-porphyry. These rocks make up the higher portions of 
the ra~' . Of the Tertiary rocksonly t~o have relation to the lodeithey 
are eruptive and belong to the latest ~ertiary and post-Tertiary periods 
of extrusion. The older is the Propyllite. It is the main country rock 
of the lode;such ro~ incases many,perhaps most of the mightiest silver 
ore bodies of the world:the Carpathians,Mexico ana probably also Bolivia. 
The wall rock in Virginia City,Gold Hill and American City is propyllite. 
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Of the other eruptives that followed the extrusion of prpyllite,kK 
only the trachyte has any connection with the lode,inasmuch as it 
probably caused its formation,and besides forms an important part of 
the regional structure. The manner of its formation was that it rose 
in long fissures · in viscous or liquid condition,and at high temperature. 
Trachyte tuff occurs as well;the massive trachyte however outcrops in 
jagged horsts in a semicircle around Washoe Lake. Silver veins are not 
found in the trachyte itself. After this extrusion period basalt ex
trusionstook place in neighboring parts of the Great Basin; but these 
have little siginificance for Washoe. The volcanic activity gradually 
died out, the last pha~o being hot springs. 

General Structur~ of the Lode. 

The Comstock lode trends N150E along the east front of the Virginia 
range. Its course shows a relation to the shape of the mountain front, 
for it shares all its irregularities: concave bends (to the west) coi
cide with ravines;convex (to west) curves mark the ridges. The greatest 
convex (to westJ bowing is at the unbroken foot of Mt.Davidson itself. 
These irregularities are significant becam~e they influence ore local
ization (? look like flat-dipping vein in rough topography).The lode 
is proven for 5800 m. along the strike, but probably extends 7000 m. 

Single ore shoots are 150 m. or more deep; shafts over 200 m. deep . 
In general the workings give a clear picture of the vein in its upper 
horizons and form the basis for sound conclusions as to persistance in 
de pth. 

From 150-180 m. in depth the vein fills a fissure 30-40 m. wide, 
but narrows locally so that the walls ~ouch. The dip is 40-600E. Above 
the approximate depth of 150 m. the footwall retains this dip;but 
starting at this depth the hangingwall ' lturns steeply upwards and even 
turns over to give a west dip of 450 • lhe vein widens therefore toward 
the surface like a funnel. However,this wide part contains great horses 
of wall rock only slightly moved from their original positions. Some of 
these are ne~ly ono m. 10ng,15-30 m. wide. fhe spaces between these 
horses are filled with vein matter, the quantity of which in relation 
to that of the horses decreases going up. The total width of this upper 
zone exceeds 150 m. 

The wall rocks of the lode vary! _ Onl bh~ east they\: consist of pro
pyllite in different varieties,in pl.aces very fine-graine9, almost apha 
ntttc,in places breccia with sharply angular fragments. On the west 
diorit~ occurs,fnrming the scarps of Mts. ~avideon and Butler. North 
of Mt.Davidson both hanginwall and footwall are prppyllite. 

The outcrop of the lode consists of scattered rows of quartz 
masses sticking up above the surface and forming a zone locally 180 m. 
wide;this zone is often discontinuous. The western (footwall) part 
consists of quartz mostly crystalline glassy,and usually white or light 
colored. Encased in the quartz are frequent angular fragments of wall 
rock-often crystallization centers. The eastern part, on the other 
hand ,is different in appearance: parts of the wall rocks often occur 
together with clayey and ore-bearing particles that are finely divided 
in the quartz and distinguish the latrer c l early from that of the 
western portion of the outcrop. (?:In den ostlichen Ausbissen kommen 
oft feile des Nebengesteins zusammen mit tonigen und erzhaltigen Massen 
vor,die fein im Quartz verteilt sind und sich deutlich von denen der 
westlichen Ausbisse unterscheiden). A porous texture of the ~uartz,due 
to the weathering out of fine particles of ore,and aCcompanied by the 
brown or red color of limonite points to ore beneath. The occurrence 
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of native gold or silver in little pores and in larger cavities 
indicates an ore body. The chloride and simple sulphide of silver oc
cur in the eastern portion of the outcrop. All these surface phenomena 
persist to varying depths. 

The vein mass consists,apart from the mny wall rock fragments, 
which near the surface make up about 5/6 of the whole,mainly of clay, 
clayey masses, quartz and sulhides. Where the horses consist wholly or 
mainly of propylite they wdge out laterally and downwards (sliver-like) 
those of diorite end more abruptly and are more equant in shape, althou 
also elongated along the ~in strike. The quartz is often thinkly 
filled with such sharply angular fragments. Where propylite occurs on 
both walls and the fragmentsin the vein are also propylite,the vein 
takes on a breccia-like appearance. 

Clay and Clayey Masses. 

Few great veins are so rich in such masses as the Gomstock. Clay 
ledges 3-6 m. thick extend along the east and west walls;they reach 
15-20 m. in thickness where the walls approach each other. other clay 
"beds" separate the horses f'rom the quartz, or cut through them. Besides 
these,masses of clay occur in the vein itself' ,and in places make up 
a large proportion of' the ~iK fissure filling. Most horses grade to 
clay in their under portions and continue in depth as well as along the 
strike as clay "beds". Without the lode clay masses are abundant in the 
east (hangingwall) wall,but seldom if' at all in the west or f'ootwall. 

Quartz. 

The differemces mentioned above in the quartz of' the outcrop 
continue with depthjbut are harder to see on account of' the general 
white color of' the vein. But the finely-divded parvicles of wall rock 
in the quartz are more plentif'ul in the east or hangingwall than in the 
west or f'ootwall,in depth as well as at t he sturf'ace, and always the 
most pl~ntif'ul where the quartz carriesore. lhe quartzis seldom mas
sive,so that explosives ileseldom required in miningjin general the 
quartzis so f'inely divided as tor resemble pulverized sugar (Becker: 
common table salt). 

Ore. 

The main ore minerals are stephanite,polybasite (Sprodglaserz), 
native silver and very silver-rich galena. Less plentiful are ruby 
s11ver(does not say whether pyrargyrite,proustite or both),hornsilver 
and polybasite (all dictionaries,Dana etc, call Sprodglaserz PGlybasite~ 
Also na ti ve gold, pyrite, blende, chalcopyri te, cerus si te and " Buntbleierz" 
the last two being very rare. 

The lode is very poor in other minerals. The ore minerals are sel
dom crystalline and museum specimens are rare. Quartz is pracjlcally 
the sole gangue;calcite and other carbonates are rare. Of' the sulphates 
only gypsum occurs. 

The distribution of the ore is different ~n the northern and south
erns parts of the lode. In the north the ore bodies are extended lenses 
5-16 m. wide,the major axes of which stand nearly vertically.Locally 
these are called chimneys. In the south the ore bodies are tabular, 
longer but na' rower than the Chimneys. Both types are f'ound in the east 
or hangingwall portion, sometimes in the 'middle portion, but never in 
the west or footwall part. 



The richest and largest bodies occur under strong outcrops. In 
the north the lode as now worked is extrem~ly poor under ravines;in 
the south cne pers~sts tat such crossings. ~he richest parts are south 
of each crossing. All the chimneys of the northern segment are found 
where the walls, after nearly coming together, quickly separate ,and 
vein matter comes in again. All the main concentrations of ore are whe~e 
the fissure gave the' quartzthe greatest room in which to deposit;on 
the other hand, ore bodies are with few exceptions la&king where the 
vein contains an extraordinary prop~fortion of horses. 

The grade in general has decreased with depth. In the early years 
$600 ore was no rarity. Today (1865) the average grade does not exceed 
$32.00 •••• The gold~nat!o dicreased in the early years,but with increase 
depth the proportion has returned to its original amount. 

The Comstock is a True Fissure Vein. 

Characteristics of True Fissure Veins. 1. They cut through differ
ent rocks without chan~. 2. They descend to unknown depths.3. They 
show dynamic activity plainly. 4. They generally occur in connection 
with volcanic extrusions;where this is not clear on the ,surface,distur
bances of the strata and metamorphic effects hint at it. 5. They are 
mainly filled from below,and essentialq by chemical processes. 

All the above criteria are especially evident in the Comstock lode. 
That the Comstock is a true fissure vein is clear also from negative 
conlldeeations,for instance, by its lack of analogy with other known 
kinds of veins as (l):Gash,i.e. shrinkage fissures,formed through loss 
of moisture o~ drop in temper~ure. They are »estricted to one sole 
tormation,and are filled from above or from the sides. (2) Segregated 
teins. These never fill preexisting fissures;their metal content was 
furnished by gradual extraction of the constituent parts from the sur
rounding wall rock. They never show clay selvage or horses,and show no 
signs of dynamic activity.(3.)Contact veins. The Comstock was formerly 
considered such. (Diorite footwall,propylite hangingwall). But when it 
was learned that it traversed propylite aline in its north end, this 
notionwas abandoned. Its being is dependent on the contact between 
diorite and propylite in the south end only because this contact was 
a plane of less resistance than the massive rock on either side. 
4. Intrusive veins are completely homogeneous and formed by forcible 
entry of ascending solutions in a preexisting fissure. They never have 
gouges. 

The Comsbock cmrresponds to none of the above classes;on the con
tra¥Y,all positive and negative criteria show that it has all the charac
teristics of true fissure veins to an extraordinary degree. It is not 
always easy to tell the true nature of a vein;this is not the case with 
the Comstock. 

uenesis of the.Comstock Lode. 

~ach vein is a law unto itself,having its own charactertstics and 
differing from all others. ft comparison of all the major silver veins 
would show great differences in country rock, length and breadth, gangue 
and ore, distribution of the valuable metals, vein structure and its 
relation to the wall rocks. This being the case, it follows that veins 
differ in their genesis.IQfiltration from above or from the sides,ther
mal action and oth~r processes have all been sited as sole causes for 
the formation of ore-bearing veins. But work in all districts shows that 
all these processes worked more or less togetrer and that differences 
result from the d~m1nance of one or the other process,and through the 
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• 

inflliliJIee of the wall rocks. 
I 

The Comstock lode was filled neither from above or from the sides, 
for none of the surrounding rocks could have furnished such great masses 
of gangue and ore. Even had this happened, the vein would show a banded 
structure,by no means the case. The east (HW) side might on account or 
its extreme decomposition be regarded as a lateral infiltration But 
the decomposition was effected by ascending solutions which haJ!left 
clear traces behind them and which could have removed no material later
aly. 

Thermal springs,considered by many authorities as the most likely 
agency in the formation of every true vein,do not explain the genesis 
of the Comstock lode. With such springs smlica tends to deposit around 
the fissure opening. While erosion is likely to remove such deposits, 
they could not have been prBsent at the Comstock because the surface 
has been modified only slightly since the formation of the lode. Be
s~des,the alteration of the country to the east within a radius of more 
than 6 krn. cannot be explained by thermal springs. 

To discover the true impelling force that moved such enormous mas
' ses from a deep-seated source into the Comstock fissure we must trace 
the origin of fissures and then observe which processes during the 
formation of tissures of equal size appear to apply. 

Origin of Fissures. 

11 The Comstock fissure nmst necessarily be younger than the propylite. 
i he only process that could have produced such a mighty effect was the 
eruption of the trachyte,which accompanies the lode 3 km. away to the 
east. Continually increasing stress below the massive crust of surface 
rocks nmst finally have fractured them and thereby released the XXxKXB 
forces that caused the stress. 

Filling of Fissures. 

With active volcanoes the formation of a fissure is followed by 
a mighty giving off of vapor, the so-called solfataric activity. This 
passes through several stages with time. In the first the vapor is 
accompanied by gaseous flucrine and chlorine compounds,in the second 
by S02,while the third stage is usually marked by the outpouring of 
carbonic acid and of hydrocarbons. This stage however is passed the 
solfataric. 

In the elemnts that characteryize the solfatara in the two first 
stages, i.e. fluorine, chlorine and sulphur,we see all the 
fulfilled to account for the for~~tmon of the ComstOCk 10 
ascended with the gases of fluorlrf, Ie fJ? tI ium") ~~t-e-t~t': 
drop in tem~erature and pressure the upper re ions,p ec sely known 
chemical processes,silicaAsilicic- uor -aq eselfluorwasserstoff 
saure) ,the first as a soYi~,the second as a volatile gas that has 
effected great decomposirion in the wall rock. Chloride o'f silic4nforms 
with hydrogen silica~HCI. Fluorine and chlorine are the most powerful 
known volatizers and enter into compounds with nearly all known sub
stances. Beside silica, the metals have a great affinity for them. All 
of them that gre found in the Comstock lode could have ascended in gas
eous form in connection with one or the other of these volatalizers. 
They must then have been deposited in the upper parts as oxide or chlo
ride or as native metals. So the fissure was gradually filled from top 
to bottom with all the elements that we see today in chemical compounds. 
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A fissure is usually not unchanged after its f~rst opening;later 
processes widen it or KKxxmwxtkx close it. New channels are opened 
if the old ones have been filled. When after such a formation of an 
opening inside the vein mass which had filled the old fissure an influx 
of gas rich in vapors followed, then conditions existed for the formation 
of major ore bodies. At the time of the fissure filling, the ascendirg 
gases worked on the wall rock, the nature of which was entirely changed. 
Joints were formed 4Risse) and filled with the same substanoo s as the 
vein fissure. Since the vein dips east and the forces were directed 
toward the surface,only the hangingwall was thus affected. Branch fiss
ures from the main fissure would probably pierce the hangingwall,and 
it is to be reasonably expected that with depth one wpuld discover such 
branches,probably ore-bearing. 

Alteration of the Vein. 

Altering activity began very early. S02 and sulphuric acid soon 
became dominant and introduced the second solfataric stage. The main 
process in this alteration was a purely chemical one. The silica separ
ated out from its fluorine and chlorine compounds as a gelatinous mass 
having an entirely different appearanve from that of the crystalline 
quartzof the vein • Metallic oxides and chloDides were changed to the 
corresponding sulphides, and the absence of antimony (sic:Abwesenheit) 
should be Anwesenheit,presence) caused the formation of sulphantimonides 
the most important of which is stephanite. Through such processes the 
whole gein mass was gradually changedto its present-day appearance. 

It is notable that there is hardly a Single chemical agenti,outside 
of fluorine and chlorine ,that causes deposition of non-metallic substan 
ces in exact or nearly exact inverse proportion to those that appear in 
silver veins(?: ••• das s es kaum ein einziges c.hemisches Agens gibt ,aus
genommen Fluor und Chlor,das nichtmetallische Substanzen in genau oder 
nahezu genau umgekehrten ~en~enverhaltn's zu dem ablagert,indem sie 
in Silbergangen vorkommen). ron and manganese are not only more common 
in rocks, but are also easier dissolved and carried away by acids than 
are silver and gold. The proportion of the~~ former to the latter 
me t als would have been less,if theirnremoval from their original source 
~ d been effected by agents othir than fluorine and chlorine. Only thes 
two would have combined with th~metals to begin with,which are rarest 
in rocks and most plentiful in silver veins. And they are probably the 
only elements that originally deposited in greater proportion,in spite 
of their later strong alteration,wherin watter played a very important 
role. 

Dynamic Activity in the Ve.in. 

The repeated wid~~ng and t9Cal harrowing suffered by the fisRure 
a~ter it first opene~ffollowedAthe loosening of pieces of the hanging. 
Small pieces,which fell in during the formation of vein mass,caused 
the breccia-like structure,wbile larger ones slid down until they 
encountered support. Other dynamic processes that still continue,mani
fest themselvein the formation of clay selvages on the walls and within 
the vein. They show a shearing movement of the vein mass along the 
walls,and of one part of the vein mass against another part. Few veins 
show such a notable plastiCity of the vein mass as does the Comstock. 

Additional indications of solfataric action are visible in the 
neighborhood, The belt of hills which appears at the foot of the 
above-mentioned trachyte mass shows these espeCially. The belt consists 
of propylite,hardly recognizable as such because completely decomposed 
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and changed to a rock mainly clay of red and yellow colorithe feld
spar and hornblende phenocrymts may however still be recognized. Nu
merous joints,from which the decompisition has proceeded give evidence 
for the veryical ascent of ghe altering solutions. Who has seen solfa
taras will be surprized at the similarity between their chemical ~eac
tions and those shown east of the Comstock lode. 

The continuation of the lode in depth hasoccupied the minds of 
all in Washoe,and is of the utmost imprtance regarding the future ••• 
It was shown above that the Comstock lode is a true fissure vei~hich 
by solfataric action formed as a consequence of the trachyte eruption. 
Since the active forces came from below,they must have found a clear 
channel,in order to have made possible a connection between the proces
ses at depth with the place of deposition above. There is no need to 
doubt the continuation of the vein in depth. 

As the manner of thE cpntfnuation,we may only speculahe,no matter 
how numerous and well-foundeqmay be the §upporting facts. The dip will 
probably not change muc~,for the hangingwall is very regular indicatin~ 
coninuity oil dip;au.so,t,1:l..~ solfatric activit-y in the east indicates that 
the lode underlies this~eglon at depth. Concerning the average width 
no precise prediction may be made. The walls of every true fissure 
are warped surfaces. Through the downward movement of one against the 
other protuberances of one wall come opposed to those on the other;also 
concavities may become 0 posed. This is the reason why every great 
fissure shows repeated openings and narrowings. It is to be expected 
that the Comstock lode will present the same picture in depth as at 
present explorediits average width will prRbably reBDdn the same as 
at present exposed in the deepest levels. lhe formation of great horses 
is,on account of the nature of'their origin,charactertlstic more of the 
upper than of the lower levels,since the breaking down of the hanging 
¥oul cl occur where the vein was weakest. Since among the agents,fluorin 
and chlorine have most strongly effected the wall rocks, the quantity 
of small fragsBg~s will very probably increase with aepth,causing an 
increase in the breccia structure and the barren parts,which will then 
mainly lie above those places where the vein is crushed,as may be seen 
today. . 

The wall rock will not change much. The structure of the region 
shows that the south part of the Mt.~avidson range already existed when 
the extrusion of the propylite built the mountain massive on the east, 
~nd that its steep scarp contihues d.~~bb~Ow the belt of round hills. 
~he fissure probably follows the ~8t~~ry~efhe older Mt.uavidson rocks 
and the ~ounger propylite massive,for this Was a plane of least resis
tance,compared with the massive rocks on either side of the contact. 
Only there, where the old slope swerves from its direction and where 
Tertiary rocks may have filled the deporessions,may the fissure have 
broken through these Tertiary rocks. But th~d;gpines in the old range 
which were earlier jus t as today and which ~I~'tlown under the propyli te 
w0uld have some influence, because the vein passes across them in notably 
conCave curves. Presumably this will continue to be the case at depth, 
even though not always unfavorable for ore. \Vhen a Change in rock does 
occur at depth, the propylitie will probably dissappear on the west(east1 
~d diorite predomiaate more and more. 

h .. t'<r:~ "~Me,, an.« locaJ:Los,t1nn ,. 1,. tic branch of mining so 
7" 'a~"~silver min{!s? 'l'he historynof the Mexicm mines as 

described by Humboldt and Warn gives may examples. Mines aband4ned as 
worthless after great production were reopened after long periods and 
became again productive;this repeated etc. The causes for the shutdowns 



were either impoverishment of grade or rising costs of pumping or legal 
or political difficulties. In the first two cases the success of reopen
ing lay in either improvement of the ore or the technique. 

The Valenciana mine on the Veta adre of Guanajuato encountered in 
1760 a portion of the vein that had been worked in the 16th eentury, 
and abandoned as unprofitable for nearly 200 years. In 1768 a bonanza 
wa,s encountered at about 80 ' meters depth which gave annually i; $1,500, 
000. Even from 1788 to 1810 the year~y ,output exceeded $1,380,000. 
A deeper shaft,ne~ly 600 meters deep was sunk;but the ore extended 
only to a depth of 4~0 m. and then turned to waste. In 1810 the mine 
closed down. 15 years later the Anglo-Mexican Co. unwatered it, but the 
ore brought no profit. The mine now belongs to the United Mexican Co. 
and has produced very well for a number of years by milling larger quan
tities of lower grade ore. 

The Veta Grande of Zacatecas,which produced from 1548 to 1832 
about $666.000,000 lies like the Comstock lode in propylite and has 
a similar structure,i.e. it dips about 420 and is shattered toward the 
surface. Its wodth is somewhat less than that of the Comstock,in general 
less t~an 12 m. At o~e place only does it reach 25 m. It contains clay
ey masses and contains great fragmentsof wall rock. In the upper levels 
the ore occurred in vertical chimneys,extensive and very rich, but at 
depth,where the ore was more widely distributed,it was poorer ••• 

Ij both cases the ore became poorer in depth, but more regularly 
distributed,and its great quantity haS, given good profits. Any Change 
in the nature of the ore is not established:it remiins pure silver ore 
through all levels. 

Many other mines show the same thing, especially in central Mexico . 
It is different in the northen states. The silver deppeits there are 
fanous for their quantity of native silver and rmch ores. The empover
ishment was due the the predominance of lead over silver. 

The same thing holds fo r the silver mines of the Carpathians,all 
of which oocur in propylite and resemble the Comstock in many ways. 
The gangue of the Grossbrube in Fels~baya is almost its counterpart. 
This mine,like that of Schemnits,is supposed bo have had great produc
tion, although the management was po~. The Romans mined extensive 
ore veins. At depth however the ores were much too poor,so that under 
the crude methods they gave poor results. But the 'mpoverishment W~9\t 
caused mainly by the predominance of lead and copper mxKZ at dept~t¥ue 
silver ores ~ became rarer. At the same time their distributIon 
through the whole vein became more regular, although they formed therin 
always sma l ler streaks and bolsas. 

Other mines show equal silver content at all depths. TUose near 
Freiberg,where bonanzas occur at various levels,have with depth 
oftener improved than fallen off. Those near Kongsberg in Norway 
have produced from time to time bonanzas down to the deep~st (600 m) 
levels,and have lately produced more than ever. Those of Vatorce and SE 
some other Mexican mines show no falling off in depgh,and have excellent 
ore at depths of 600 and 700 m. 

If now one compares the Comstock with the best-known other mibing 
districts,one sees that it differs from a certain class of narrower 
veins,which,such as those of Freiberg,Kongsberg,Chanarcillo in Chile, 
Pasco,Peru, Catorce and Austria in Nevada(Austin?} fill a quantity of 
smallflssures,which either parallel one another or cross,and which at 
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mid ~rade 
depth retain the appearance! hey show near the surface. The Comstock 
on the contray shows all the characteristics of another class of silver 
veins marked by their size and simplicity:mother lodes,in general 
surrounded by sBmaller veins of less importance. To this class belong 
the veins of Schemnitz and Felsobanya in Hungary,the Veta Madre of 
Guanajuato and the Veta Grande of Zacatecas,while the veins of Potosi 
in Bolivia and of Real del Monte belong more bo the first class. These 
great mother lodes resemble one another in many wf.Ys: Altlk fill fissures 
of extraordinary length and width, seem to have a very recent origin and 
also have close relation to volcanics,which accompany them. Although 

the rules. of pre distribution are more or less different for eacij., 
all have been very rich in metal,to whatever depth they may have.been 
expl rred,and it seems that at every horizon nearly the same quantity 
of silver occurred. (Guanajuato is an exception), One may perhaps con
clude from this that they will do the 4ame to the greatest depths. But 
there is a difference in depth int the enrichment of silver:the bonanza 
ore is usmally found in well-defined bodies in the uppe r levelsjMhile 
in depth,although similar bodies are to be find,even larger ones, they 
are usually lower in grade. This explains the larger yield of the 
upper levels of most mines. 

To return to the Comstock and see what conclusions may be drawn 
as bo its future. /oe4 

h ~s rGm' r v (l"~ 
It mustpf,~r~t be realized that the ore mined on all levels ~ ~ 

silver ore ~~6ccurred at the surface. Lead,copper,iron and zinc ores 
have never been important in the Comstock,and these metals keep about 
the same relative importance with depth. An increase in lead would be 
a poor sign for the future,for t his would show that lead was more and 
more taking the place of silver;the lower limits of ore were fast being 
reached. But as things stand to day,no such impoverishment is to be 
expected,although some drop in grade. 

ConClusions. 

J;"rom the facts of the Comstock lode itself, and from comparison with 
other districts, the following conclusions are justified: 

1. The downward extension of ore on the Comstock lode must be 
considered, disregarding local discontinuities,exactly as certain as 
the downward extension of the vein itself. 

2 • . It is certain that the ore will retain its charac t er of true 
silver ore to unknown depth. 

3. ~xtensive ore bodies as rich as the surface bonan~zas will 
probably not be found in depth. 

4. Increase in size of ore bodies with ,depth is probable. 

5. At depth, a considerable part of the ores will not differ in 
grade from that now mined in the deepest levels;but an increasing 
quantity of lower grade ore will appear. This follows from the similarit: 
of all deposits outside of their surface bonanaas and the homogeneity 
that nearly all show through their whole extent. 

6. Tl,le ore will at different levels change from certain parts of 
the vein to others, as it has done hebetofore. Greater regularity of 
distribution may nevertheless be expected below the shattered portions, 
fu l l of fragments,where the vein will probably take on a more even~ and 
regular appearance. A few mines, hitherto unproductive,have therefore 
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good prospectsin depth. But in general it is more likely that the 
footwall will remain barren, as before,while the whole space between 
this and the hangingwall is to be considered the future source of ore. 
As noted above,it is probable that more than one branch vein will be 
found at depth, of clay and quartz, rising in the hangingwall perpendi
cular to the main vein. Many of these will carry ore. Search should 
be made for such ore bodies in all the eastern mines. The experience 
in the upper levels indicates that the ore o~ such bodies will be richer 
than the avera~ on the main vein. 

7. A suddenly barren zone atvdepth,such as that described on the 
Veta Madre of Gto,at 400 m. depth appears very unlikely for the Com
stock. The reason for this is geologic:it is well known that the wall 
rocks exerts a great influence on the q~antity and mture of certain 
ores in veins,and that a true vein entering a different formation often 
becomes barren. In the Veta Madre the drop in grade at the 400 m. level 
took place where the vein entered a diffrent formation, which continued 
from there on down. (Not true-E.W.) Such a change is not to be expected 
for the ComstOCk vein because the regional structure shows that the 
present wall rocks continue to unknown depths. 

Note.- The report ends with a list of the advantages to b~ 
secured from driving the Sutro Tunnel. 
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DISSERTATION 

A CONTRI8JTION TO THE GEOLOGY OF THE COMSTOCK WDE 

R · I(· co&.15 
P6]) -E y ~ 17) _ /J -c. II II ~ J tJ '.f r 

The number o~ formations exposed in this area is small. All the rocks 

seen at the surface are Tertiary or Quaternary in age, although older rocks 

have been found in some of the mine workings. The oldest formation shown on 

the map is a series of hornblende and augite andesite flows and breccias, with 

a thickness o~ five to six thousand feet. Includ~d in these is a member, 

several hundred feet thick, composed largely of water-laid rhyolitic tuffs and 

brecoias. Intrusions, probably nearly contemporaneous with the eJPlosions 

which produced these breccias, emplaced sills of albitophyre in the andesite. 

~his series of rocks was folded and tilted westward, and invaded by a diorite 

stock and by dikes of andesite porphyry. At about the same time fractures 

trending east-west and north-north-west were developed. After intrusions 

further movement took place on these fracture systems, and on the north-north-

easterly tre~ding- fault. of the Comst~k system. Veins were developed along 

these faults; movement continued d~ring and after the mineralization. After 

the mineralization, a long period of ercaion ensued, during whioh the region was 

reduoed to one of low relief. During the Pliocene, further raulting took place, 

oonco itantly with the eruption of a series of andesite flows and brecciaa, and 

the intrus ion of several plug domes. Most of the later la.vas were removed by 

erosion, which stripped them fran the surface of low relief on whicb ,bey were 

la.id down. Probably toward the end of the Pliocene further faulting, wi tb a 

throw of 1600 feet or more, took pI ce on tbe Davidson fault, which coincides with 

the footwall of the Canatock Lode for moat of its len tho Sinoe the faulting, 

erosion hal trenched both the footwall nd hanging-wall blocks of the Lode. 

The intrusion of the David.on diooite resulted in baking and contaot 

metamorphi8m C£ the 8urrounding rocka, Subsequently, hydrothermal activity 

produced a widespread poopylitio alteration. B,ydrotnermal 801ut10nsriaing 



along the Tein fractures produced a moderately widespread pyritization and. 

close to the Tein. an intense sericitization and silicification. Subsequen 

to the erosion, supergene agencies produoed minor kaolinization nd 

aluniti~ation of the roOks which h· d been pyrit~zed. 

icroscopic study of the ore specimens showed that deposition 

of the Teins ocourred over an extended period, repeatel fault movements 

brecciating the Teins and forming openings in which the later. economically 

more important minerals could be deposited. The earlier deposited mineral. 

suffered replaoe ~nt, re-solution. and redepoaitiiD. Supergene enrichment 

has not been tmportant. 
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BONANZA ORES OF THE COMSTOCK LODE, VIRGINIA CITY, 
NEVADA. 

By EDSON S. BASTIN. 

INTRODUCTION. 

At certain periods in the long and diversified history of mining 
on the Comstock lode the engineering problems of handling the 
treacherous floods of hot mine waters and the problems involved in ' 
the struggles for financial control of the mines have seemed to out
weigh all others in influencing the progress of deep mining. Yet more 
fundamental than these or other problems has been the geologic prob
lem of persistence of ores in depth. If the rich silver ores were wholly 
or largely deposited from solutions ascending from deep-seated 
sources this fact should encourage deep exploration. If the bonanzas 
owed their richness to the action of waters of surface origin on ores 
that originally were comparatively poor in gold and silver, then 
little encouragement to deep mining is offered. With the steady 
progress in the metallurgical treatment of low-grade gold and silver 
ores the probable persistence in depth of ores of this class also 
assumes practical importance. No serious observer expects a re
vival of the golden (and silver) age of Comstock'mining, for frac
turing on a tremendous scale created the channels that made ore 
deposition possible, and this fracturing was more extensive near 
the surface than at great depths. Nevertheless, the " roots" of an 
ore deposit of such magnitude are of no mean proportions, and the 
confidence of the Comstock operators in the existence of large deep
lying bodies of workable ore has been demonstrated by the drainage 
in recent years of a large part of the lode to and below the 2,900-foot 
level. It is the purpose of this paper, by reporting the first detailed 
microscopic studies on Comstock ores, to offer additional encourage
ment to deep exploration and not merely to illuminate the already 
brilliant achievements of the past. 

In spite of the very detailed studies that have been made of Com
stock geology, very little concrete and tangible evidence has been 
presented concerning the variations in tenor or composition of the 
ores in depth, and little basis has been available for weighing the 
relative importance of primary processes versus downward enrich
ment in the formation of the richer ores. yet because of the recog-
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nized p'otency of downward enrichment in many silver deposits a 
tacit belief .in its importance at the Comstock seems to have become 
current among many geologists and mining engineers. 
_ The ear~y wor:k of King 1. and Becker 2 was done before the develop
ment of the concept of enrichment of ores through the agency of 
descending surface waters. Later oqservers have made only brief 
examinations under conditions ·most trying because of the high mine . 
temperatures. Finally, the ores themselves being as a rule fine 
grained, it has been impossible to determine the mutual relations of 
their different minerals by observation with the unaided eye. 

l The writer visited the Comstock in 1913 for the purpose of collect
ing representative ore specimens from various depths on the lode for 
'study, after polishing, through the metallographic reflecting micro
scope. His visit was only partly successful, for it was possible to 

. procure in Virginia City only a few specimens from depths near the 
surface and from the older shallow bonanzas. Many specimens from 
the deeper workings were obtained, how.ever, and through the cour
tesy of Dr. George P. Merrill, of the United States National Museum, 
these were supplemented by the originai collections of Dr. Becker 
containing many ore specimens collected near the surface and at 
moderate depths. The writer is greatly indebted to Mr. Thomas 
McCormick, superintendent of the C. & C. mine, for a number of 
specimens Qf the richer ores, and to Mr. W. G. Hellier, superinten
dent of the Union Consolidated mine, for other specimens and for the 
careful collection of a sample of the deep mine waters for analysis. 
The publication of the results has boon delayed by professional work 
in South America and later by work incident to the war. 

EARLIER INVESTIGATIONS. 

Baron Von Richthofen, who made the first noteworthy geologic 
'study of the Comstock, in 1865, plainly considered that the ores had 
been deposited by ascending hot solutions, in part gaseous and in 
part liquid, and concludes with the words: "As' it has been shown 
that the vein was filled from a deep-seated source, it is certain that 
it is continuous in depth." 8 

Clarence King 4 also considered that the bulk of the ores had been 
deposited by hot ascending solutions, which he believed to be con
nected with volcanic activity, and concluded that geologic indications 
were at least not unfavorable to the finding of valuable ore bodies 
at considerable depths. . 

1 King, Clarence, The Comstock lode, in Hague, J. D., Mining industry : U. S. Geol. 
Illxplor. 40th Par. R ept., vol. 3, pp. 11-96, 1870. . 

2 Becker , G. F., Geology of the . Comstock lode and the Washoe district: U. S. Geol. 
Survey Mon. 3, 1882. 

3 B ecker, G. F ., op. cit., p. 21. 
• Op. cit. , p. 21. 

.. 
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as the descending water at Tonopah 28 shown diagrammatically in 
figure 13, but in the Tonopah water free acid is much less abundant, 
as might be expected from the prevalence of carbonates as gangue 
minerals. The sample collected by Reid also belongs to the same gen
-eral class as a water collected by Chase Palmer and the writer from the 
Genesee mine, at Red Mountain, Colo. The analysis of this water 
has not yet been published, but the quality of the water ' is shown 
diagrammatically in figure 13. This water 'was dripping from 
limonite stalactites in the roof of workings in ore body No.3, about 
600 feet below' the surface. It is proportionately much richer in 
metals than the Comstock or Tonopah waters, but it carries no free 
a cid. 

In the above comparisons of Comstock waters the factor of con
<:entration has been purposely eliminated. It is important to note, 
however, that the cool descending water is more than 200 times as con
<:entrated a solution as the hot ascending waters. 

CONCLUSIONS·. 

The application of detailed methods of microscopic study to a 
<:onsiderable number of specimens from the Comstock lode obtained 
at depths ranging from a few hundred feet to 2,900 feet shows with 
a reasonable degree of conclusiveness that in ores from depths greater 
than 500 feet, including the bulk of the bonanza ores of the lode, the 
silver is essentially all in primary minerals. Descending solutions 
of surface origin produced an important increase in the silver content 
of certain ores within 500 feet or less of the surface, yet even in 
such situations a part of the silver content is in primary minerals, 
and some rich ores from slight depths showed no secondary silver 
minerals. 

Gold, so far as observed, is primary in all the ores. r 

Although the occurrence in the deep portions of the lode of ore 
bodies comparable in size and richness to the great bonanzas of the 
past is not to be expected, yet the primary origin of some of the rich 
ores ' offers encouragement for deep development. 

The hot ascending mine waters of the Comstock lode are es
sentially sodium and calcium sulphate solutions. Similar waters are 
<:haracteristic of certain sedimentary formations, but the association 
of these waters with igneous rocks and the fact that they carry meas
urable quantities of the precious metals suggest ·that they may be 
related to the solutions that deposited the primary ores. The hot 
waters of the Comstock resemble somewhat the 'deep hot mine waters 
at Tonopah but are poorer in carbonates . . 

23 For occurrence and analysis see Bastin , Ill. S. , and Laney, F. B ., op. cit., pp. 29, 44. 

o 
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fig. 8.) At Tonopah carbonates are abunaant . as gangue minerals 
and as alteration products in the wall rocks, and it is therefore nat
ural that the weak acid radicles (COs and HCOs ) should be more 
abundant in the waters than at the Comstock. The Tonopah water
resembles that of the C~mstock, however, in the abundance of alkali 
radicles and the paucity of metal radicles. The thermal spring waters 
of Ouray resemble those of the Comstock in the great dominance of 
strong acid radicles (mainly 804 ), but the alkali radicles are less 
abundant. 

CENTRAl. TUNNEL 
COMSTOCK LOOE 
OESC£NOING 
WATER 

WESTENOMINE 
SOO·FOOTL£VEL 
TONOPAH, NEI/. . 

Alk l ' 0 To ales . .J • 
Earths6.5 Metals /S.2 7- lIydrollen 28.0X 
v v v 00 0 0000000 Va v v v o 0 0 0 0 000 nO Free strong acids v v v 
v 13.07. v °0°0 °0003g·67a°o °0° 0° 56.07-
v v oJ v 

Strong aCids 50.0T. 

Alkalies 13.47- Earths 28.9/. 
Hydrogen o.67.~ 

iAfetals 7.1% 

:++ +++: +.++:!+ "v v vV'" "'"v v V VVV "" ""VV v 00000 
VV Vvvvvv V"VV"VY 00000 

'\+ ++ +i6!~++ + .+ + v v v v v v v v "57.8%'" v v v v v v v ~/g.V-ooo v v vVV"vv \lvV V V V ""Vv 

Strong acids 50.0% Frl!e strons. 
aCId. 1.2% 

Alkalies (Earths 
4.77- Metals 43.1% 2.2 

GENESEE MINE 
REDMTN. COLO. 
600FT. DEPTH 

+ ... + t 
~ ~ + ~v ~ooo 0

0 
0° 0

0
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FIGURE 13.-Composition diagrams of cool descending mine waters trom Comstock lode 
and Tonopah, Nev., and from Red Mountain, Colo. 

At the time of visit in 1915 there were no favorable opportuni
ties for collecting mine waters from the upper levels in the CO'mstock 
lode, but about 1904 John A. Reid 22 collected a sample of cold water
descending through the IO'de from a PO'int about 100 feet belO'w the 
surface in the Central tunnel. This analysis is shown in the table on -
page 60 and in figure 13. Its chemical characters are in marked con
trast to those of the hot deep waters, especially in its poverty in 
alkalies and the abundance of metals and O'f free acids. 

The quantity of free acid, mostly H 2S04 , present is remarkable but 
becomes understandable when it is recalled that carbonates that would 
neutralize free acid are exceedingly rare both in the ores and in 
the altered wall rocks. This water belongs to the same general class 

.. Op. cit., p. 192. 
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Both King and Von Richthofen deemed it unlikely that the" mag
nificent expansion of bO'nanzas" that characterized the upper levels 
would be repeated below. . 

Becker,S like his predecessors, believed that the ores were deposited 
by ascending thermal hO't sO'lutions but thought that the metal content 
of these sO'lutions had been leached from the altered rocks adj acent 
to the IO'de, a conception which has now been generally abandoned 
by students O'f ore genesis fO'r deposits O'f this type. 

Thus nO'ne of the earlier students of CO'mstock geO'logy attached 
any great impO'rtance to descending solutions in the formatiO'n of the 
ores beyond recognizing the familiar change wrought by oxidation 
in the shallO'w zone, 300 to 500 feet deep, between the surface and 
the original grO'und-water level. 

The only impO'rtant later cO'ntribution to the geO'logy of the Com
stock is that by Reid in 1905.6 Although partly devoted to the struc
ture of the IO'de this' paper shows that the hO't ascending ComstO'ck 
waters carry both gO'ld and silver and are very probably now deposit
ing metals in the deeper parts of the lode. In the upper parts of 
the. lode acid waters descending through it are depO'siting certain 
minerals, and an assay of the waters revealed both gold and silver. 
Apparently Reid dO'es not believe that descending sO'lutiO'ns have 
produced any of the bO'nanza ores, for he says: 7 

Also there is considerable concentration of ore taking place from above by 
the surface, or vadose waters. These ores will occur on or near the footwalls 
of numerous branches of the lode which outcrop on the surface, within a few 
hundred feet of the outcrops. Such materiaZ is Zow grade, however, and in the 
1nain not yet avai'lable. 

Particularly indicative of the depositiO'n of rich silver O'res by 
ascending solutions is the occurrence O'f such ores at depths O'f 1,800 
to' 2,250 feet in a blind vein in the hanging wall of the main lode, a 
vein which does not appear at the surface even as a barren fracture.s 

BefO're passing to the microscopic characters of the ores, the min
eral cO'mpO'sition as recorded by King should be noted. He ,says that 
the main ore mass of the bO'nanzas is cO'mpO'sed O'f quartz (several 
gerierations), pyrite, sphalerite, galena, chalcO'Pyrite, argentite, poly
basite, stephanite, and calcite. Polybasite and stephanite occur in 
all the bonanzas, but rarely in well-defined crystals. Gypsum occur
ring locally and the oxidation products of the upper parts of the 
veins complete the list. 

• Op. cit., pp. 285-287. 
• Reid, ' J. A., The structure and genesis of the Comstock lode: California Univ. Pub., 

vol. 4, pp. 177-199, 1905. 
1 Idem, p. 197. (Hailes are mine.-E. S. B.) 
8 Idem, p. 183. 
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SUMMARY OF MICROSCOPIC ORE CHARA~TERS. 

The salient results of the microscopic studies are recorded here for 
the benefit of those who are not concerned with the full details. 

The ores of the Comstock lode are characteristically fine grained, 
the grains of the met~llic minerals being commonly less than 1 
millimeter in diameter and only rarely attaining diameters of 5 to 
10 millimeters. Because of this fineness microscopic study is neces
sary in order to determine £ully the mutual relations of the minerals . . 
The texture is usually granular; banding is rare and where present 
is of the somewhat ill-defined type developed in ores formed by re
placement. Well-defined crustification developed by deposition on 
the walls of fissures or irregular open spaces is very rare. 

The ores studied came from depths ranging from a few hundred 
to 2,900 feet. . 

The abundant minerals in nearly all the ore specimens are quartz, 
sphalerite, galena, chalcopyrite, and pyrite. Calcite may occur 
sparsely or abundantly. These minerals are intercrystallized in a 
fashion indicatin-g that all were deposited essentially contemporane
ously during a single period of mineralization. No one of this group 
characteristically replaces or fills fractures in any of the others or 
shows any other evidences of having been. deposited at a different 
period.9 Inclusions of each of these minerals were noted in essentially 
all the others. 

The textural relations typical of these common ore minerals are 
shown in figures 5 to 8. As will be noted from these figures, the 
ga~na and chalcopyrite, as well as argentite, gold, and polybasite, 
cOlnmonly occupy a matrix-like or interstitil~l position between the 
crystals of quartz and sphalerite. This position does not indicate 
that the interstitial minerals belong to a younger period of min
eralization, for inclusions of quartz and sphalerite may be noted in 
all of them; it shows, however, that quartz and sphalerite crystallized 
most abundantly early in the mineralization period. . 

The common ore minerals, quartz, calcite, and the base-metal sul
phides listed above, are present in all the ores, from those close to 
the sudace to those at depths of 2,900 feet, and' throughout this range 
in depth show similar mutual relationships. Because this mineral 
association ranges unchanged through this noteworthy vertical in
terval in apparently complete independence of any processes origi
nating at the surface and because hot mineral-bearing witters are 
even now rising along the lode this group of minerals is interpreted 
as a primary deposit from hot mineral-bearing waters rising from 
great depths toward the surface. The waters at present ascending 

• An exception is to be noted in occasional white quartz or calclM traver!rlng sulphide-
rich ore and clearly younger. . ~ Ii..~ 
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The two analyses .of Comstock deep hot waters are in general very 
similar, and the noteworthy features they show are these: 

1. The abundance of alkalies (N a and K), as compared with cool 
descending waters. 

2. The abundance of strong acid radicles (mainly S04)' as com
pared with weak acid radicles (COs), The small proportion of 
carbonate radicles present accords with the scarcity of carbonates as 
gangue minerals in the ores and in the wall rocks altered (" propy-
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FIGURE 12.--COmpo!rlt\on diagrams of hot ascending waters from Comstock lode and 
Tonopah, Nev., and from Ouray, Colo. 

litized") by solutions that were presumably somewhat similar to 
those analyzed. 

3:-The small amounts of -he-avy metal -radicles present, as con
trasted, for example, with the descending mine waters shown ill 
figure 13. 

The Comstock deep waters belong to the same general type as the 
deep hot mine waters of Tonopah, Nev., and the thermal springs at 
Ouray, C01o:, and may profitably be compared with them. (See 

., 



60 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1922, PART I. 

Analyses of mine waters from Comstock lode-Continued. 
De.undine .... ter. Central tunnel. 

[Analyst, Prof. N. E. Wilson, University of Nevada.] 

As reported (grlUlls per liter). 

Radicle. 

As recalculated. 

Reacting value. 
Parts per 1---...,.----
million. 

By weight. Per cent. 

Na'O... ... ....... ..• .. .................... .. . . 0. 7209 Na.. . . .... 534.9 23.3 0.3] 
<CaO.... . ............... .... ....... ...... ...... 1. 7400 Ca........ 1,243.4 62.0} 6 5 
MgO ... .... ......... ....... .... . .... ... ....... 10.8108 Mg........ 6,520.8 536.0 . 
AI,O •... . ...... .. ......... . ... .... ........... . 18.2140 Al......... 9,659.6 1,069.3 }. so. 0 

~&~~.:.::::::::::::::::::::::::::::::::::::::: H~ ~~.:::::::: 5,;:! ~H 15.2 
H (hy dif· __ . ____ .. __ .. __________ . 28.0 
terence). . 

i~so_~:::::::::::::::::: : ::::::: : : : :: :::::: :::1~: ~ }so_ .. . -- -- 218,645.0 4,547.8 } 

~to,-.:::::::::: :: :::::::::::::::::::::::::::::: 0J~ ~to;.:::::: m:g 3.6 so. 0 
236.0387 243,416.2 6,549.1 100.0 

Per cent. 

~~i~r}ifE~~~~:~: ~ ~~ ~ ~ ~~~~ ~~~~~~~~ ~~~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~ ~ ~~~~ ~~~~~~ ~~~~ ~~ ~~ ~~ ~~~~ ~ ~: ~ 
100.0 

The perusal of a water analysis as reported by the analyst affords 
slight indication of the chemical properties of the water. In order 
to visualize these properties and to facilitate comparison with other 
water it is necessary to recalculate the analyses and to express the 
results graphically. The method of study adopted is that developed 
by Palmer 20 and expounded in its geologic applications by Rogers.21 

Its details need not be repeated here, but briefly it consists in express
ing the several radicles present in the water in terms not of weight 
but of their capacity to react with one another. The radicles are 
then balanced against one another (or assumed to combine) in the 
·order of their general chemical combining power, alkalies being first 
balanced against strong acids, remaining alkalies against weak acids, 
. and remaining strong acids agai~st alkali earths, etc. The balancing 
thus accomplished may readily be expressed graphically, as shown 
i.n figures 12 and 13, and by eliminating the factor of concentration 
and considering only the components other than water in the solu
tions different solutions may be instructively compared. 

In figures 12 and 13 the reacting values of the positive radicles are 
-entered above each diagram and those of the negative radicles are 
-entered below; each group adds to 50 per cent, and combined they 
make 100 per cent. 

.. Palmer, Chase, The geochemical interpretation of water analyses: U. S. Geol. SUl'Vey 
Bull. 479, 1911. 

'" Rogers, G. S., The interpretation of water analyses by the geologist: Eoon. Geology, 
'Vol. 12, pp. 56-88, 1917. 
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along the lode carry small amounts of the precious metals and though 
not analyzed for base metals probably carry these' as well. The con
clusion that the bulk of the ore minerals were deposited by ascend
ing solutions is in harmony with the conclusions reached by King, 
Von Richthofen, and Becker. 

Inasmuch a~ the Comstock ores are worked as a source of gold and 
silver, chief interest attaches to the mode of occurrence of minerals 
carrying these metals. If it can be shown that the precious-metal 
minerals are wholly or in large part of the same age as the com
moner ore minerals they also are to be interpreted as a deposit from 
ascending solutions. If this is true, then there would seem to be no 
reason why bodies of rich ore should not be found at great depths. 

In the great majority of the specimens studied, coming from 
depths ranging from 2,500 feet to a few hundred feet of the surface 
and including samples of some of the richest bonanza ores, the only 
precious-metal minerals present in notable amounts are argentite and 
gold. The gold is invariably very pale yellow and therefure is prob
ably highly argentiferous. All the gold in these ores and nearly all the 
argentite occur in exactly the same textural relation to sphalerite an!! 
quartz. that is characteristic of galena and chalcopyrite-that is, 
argentIte, gold, galena, and chalcopyrite occur side by side as a matrix 
between areas of quartz and sphalerite. Neither gold nor the larger 
areas of argentite show any evidence of having replaced other min
erals or filled fractures in them. These relations, characteristically 
shown in figures 5, 6, and 7, are interpreted as showing that all the / 
gold and the larger areas of ar . e...aJ;e....pri~~re depos-
i e contemporaneous y with galena and chalcopyrite. As shown on 
a la age, mmor amounts of argentite are secondary. Many ar-
gentite areas are of the same order of size as galena areas. Areas of 
gold 1 millimeter across were noted. In one specimen numerous 
llI:inute round or ·oval inclusions of argentite were noted irregularly 
distributed through both galena and sphalerite. These show no evi-
dence of having been formed by replacement, neither their form nor 
their distribution being related to cleavage directions of the galena . 
In another specimen occasional small inclusions of argentite were 
noted in gold and in chalcopyrite. All these inclusions are believed to 
be primary. 

In a few specimens, as illustrated in figure 8, polybasite occurs in 
relations similar to those characteristic of argentite and goid and is 
interpreted as a primary mineral. It is rare, compared with argentite. 
In other specimens tarnishing of the galena with hydrogen peroxide 
reveals scattered inclusions of rounded outline that were too small 
for identification but are very possibly a silver mineral. 

In most of the specimens studied secondary minerals, to be dis
cussed later, were either absent or present only in amounts too small 
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to have any great influence on the tenor of the ore. The conclusion 
is therefore reached that essentially all the gold of the Comstock ores 
is primary and that the silver content of some of the richest bonanza. 
ores is also in primary minerals-argentite and rarely polybasite. 
If the gold and silver of the Comstock ores are in the main in 

primary minerals, as the observations recorded above ~eem to show ~ 
are there any evidences that the precious-metal value has been any~ 
where increased through the enriching action of descending solutions. 
of surface origin ~ This query must be answered in the affirmative. 
Minerals deposited by descending solutions may occur in two ways-
as replacements of primary minerals or as fillings of cracks or 
ca vities in th~ primary ores. Replacement in the sense here used 
means the dissolving of an older mineral and the immediate deposi
tion in its place of another mineral without the intervening forma
tion of open spaces. 

Replacement on a scale capable of materially influencing the tenor 
of the ores was noted only in ores obtained within a few hundred. 
feet of the surface. This is considered valid evidence that such re
placement was accomplished by descending solutions. The replace
ment was of several kinds. 

Replacement of chalcopyrite by covellite and by chalcocite was 
noted in ore from the 300-foot level of the Hale & Norcross mine, and 
replacement of. chalcopyrite by covellite was noted in ore from the. 
350-foot level of the Andes mine. The covellite or chalcocite formed. 
replacement borders around the chalcopyrite or penetrated it as re
placement veinlets. No such replacement was observed in ores from 
greater depths. 

Replacement of argentite by native silver was noted in ore from 
the Belcher bonanza obtained probably from depths of less than 350 
feet. This replacement is shown in figures 9 and 10. In small pores 
in this ore minute wires and "teeth" of silver were also noted on 
argentite. In ore from a depth of probably less than 425 feet in the. 
Gould & Curry mine silver also replaces argentite. In b.oth these 
specimens the argentite is primary, for it occurs in the same textural 
relationships as galena. 

In the specimen from the Belcher mine noted above argentite. 
which is probably primary is peripherally replaced by polybasite in 

-the fashion-sh~wn in. figure 11. No such replacement was noted in 
deeper ores. 

In ore from the 350-foot level of the Andes mine galena: was re
placed peripherally and along fractures by lead sulphate (anglesite). 

In ore collected from the Hale & Norcross mine soon after mining 
operations were begun nearly every area of galena has been replaced 
peripherally by argentite or by a galena-like mineraI, probably a lead- ' 
silver sulphide, as described in more detail on pages 55-56. These 

) 
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the United States Geological Survey, and the analysis is recorded in 
the following table and diagrammatically in figure 12. 

Analyse8 of mine watel'S fTom Comstook lode. 

Rot water from 2,650-foot level, Union Consolidated mine. 

[Temperature 130· F. Analyst, Chase Palmer, U. S. Geo\. Survey.] 

Radicle. 

Na ....... .. . ... ... ................................ . . .. . 
K ... . . .. ........ . .. . . . ................................ . 
Ca . . .. . .. .. .. . .................................. . ..... . 

~~'aiid 'Fe:::::: ::::::::::::::: ::::::::::: ::::::::::::: 
SO •.................................................... 
Cl. ............. . ....... . ................. . ............ . 
CO •.... ... ... : ... ..... . .......... . ......... .... .... . . . . . 
RCO . . ................ . ...... . ... . ........ . .. . ........ . 
OR . ..................................... ... .......... . 
BiO, ............. ........ . ...... ... .. .. ... ... . . ........ . 

Reacting value. Adjusted 
~£~r 1 ___ -;-___ 1 r~;I~~g 

145.0 
&4 

204.0 
4.0 

None. 
752.0 
12.0 
9.3 

None. 
7.S 

61.0 

By welgbt. Per cent. (per cent). 

6. 3075 
.2150 

10. 1796 
.3288 

15.6416 
.3384 
.3097 

.4410 

1& 7 ~ .6 
30.~ 
1.0 

46.3 } 
1.0 
.9 

1.3 

19.2} 
50. 0-

30.8 

47.8} 
.9 50.0> 

1.3 

1,203.2 .......... . . 100.0 100.0 

Per cent. 

~~11!~~~:~~~~::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::: ~! 
Eartbs+bydroxyL................................................... . ... .. .... . ...... 2. 6 

100.0 

Hot water from 2,250-foot level, C. & C. shaft. 

[Analyst, Prof. N. E. Wllson, University of Nevada.] 

As recalculated. 

As reported (grams per liter). Reacting value. 

Radicle. Parts per 1 ___ ..... __ _ 
million. 

Byweigbt. Per cent. 

131.0 

'W I 27.4] • 53.4 1.37 
100.3 5.00 21.2 50.0. 5.9 .48 

1.3 .14 1.4 6.4 .23 
542.6 11.29 

47.3} 19.0 . 54 
2.7 50• 0 

ZO.5 .68 
133.4 

Na,0 .... ... .................. . ................. 0.1765 Na ...... .. 
K,O ............................................. 0643 K ....... .. 
CaO ... .......................................... 1404 Ca ...... .. 

~~g; __ ::: :: ::::;::::::::::::::::::::: :::::::::: : ~~ rr::: :::: 
Fe,O... ....................... . ................ .0091 Fe ....... . 
SO... .. .. . ............. ........................ .3957' SO •. . , .. .. 
CL __ ... .. ... __ .. ________ ............ __ ......... .0190 CL ...... __ 
CO, . . __ ..... __ .. ______ ...... __ ....... __ .. __ __ __ . 0150 CO ...... .. 
SiO, .... . __ . ..... ________ ............... __ .. __ __ .1334 ' SiO, ...... . 

1------1-------1-----
.9656 1,013.8 ---- - --- ---- 100.0 

Percent. 

-i11~E¥ii!~~1r~~ ~ ~~ ~ ~ ~ ~~ ~~~~~ ~ ~~_~ ~~ ~~ ~~ ~~ ~~ ~ ~ ~~~~::~::::: :~~~:::::::~: ~ ~: ~~::: 1: I 
100.0 

NOTE.-Residue from eva potation 0110 literS' assayed silver, 2.92 milligrams per ton of solution; gold. 
0.298 milligrams per ton of solution. 
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Trouble with mine waterS was experienced even near the surface, 
for the water-tight clay seams so common along lines of faulting 
within the lode impounded the shallow waters in numerous separate 
reservoirs. Reaching any particular level in mining gave no assur
ance that all the region above that level had been drained.16 Thus 
at a depth of 313 feet below the surface in the Ophir mi~e great 
quantities of water were let loose when a clay seam was penetrated 
and flooded the mine to a depth of about 21 feet. Similar incidents 
are recorded as occurring in other mines. From the data afforded 
by such occurrences and from the depth of oxidation as recorded by 
King it appears that the ground-water level stood originally at 
depths below the surface ranging from slightly less than 300 feet 
to about 500 feet. 

According to King 17 the waters encountered above the 700-foot 
level ranged in temperature between 700 and 75 0 F., this being also 
the temperature of the rocky material of the lode. 

On the 1,040-foot level of the Crown Point mine the waters, ap
parently ascending, had a temperature of 1020 F. At depths of 
2,000 feet the temperatures of the rock and of the mine waters were 
originally 1200 to 1300 F.18 In 1877 the . Savage shaft encountered 
not far below the 2,000-foot station a flow of water with a tempera
ture of 1570 F. In 1880 to 1882 water at a depth of 3,080 feet from 
a drill hole at the bottom of the Yellow Jacket shaft had a tempera
ture of 1700 F.19 Becker says that on the lower levels the waters, 
when first tapped by the drill, were frequently under pressures equiv
alent to a head of several hundred feet. 

With continued operations in · the deeper levels the mine waters 
have, as might be expected, become cooler than when first encoun
tered, and the sample collected in 1915 from the 2,650-foot level of 
the Union Consolidated mine had a temperature of 1300 F. Water 
from the Mexican-Ophir winze on the 2,700-foot level was observed 
by the writer in 1915 to have a temperature of 1490 F.; tested at the 
point of issuance it was neutral in reaction' toward phenolphthalein. 

The chemical qualities of the deep waters of the lode have been 
determined by two trustworthy analyses, which will. next be con
sidered. 

At the writer's request and in conformity with his detailed sugges
tions, Mr. W. G. Hellier, superintendent of the Union Consolidated 
mine in 1915, kindly collected a sample of water from the 2,650-foot 
level of the mine. This sample was analyzed by Chase Palmer, of 

16 King, Clarence, op. cit., p. 50. 
17 Op. cit., p. 86: • 
18 Symmes, Whitman, Decllne and revival or Comstock mining: Min. and ScI. Press, 

vol. 97, p. 496, 1908. 
19 Becker, G. F., op. cit., p. 230. 
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replacement deposits are conspicuously shown when the galena is 
tarnished brown by hydrogen peroxide. Argentite that is probably 
primary is also present in this specimen, but it is probable that 50 
per cent or more of the silver content is in secondary minerals. Tar
nishing with hydrogen peroxide reveals occasional replacement of 
galena by other minerals, probably silver minerals, in ores from 
depths as great as 1,950 feet, but these replacement minerals form 
exceedingly narrow bands and are not sufficiently large or numerous 
to affect the tenor of the ore materially. 

Enrichment on a scale sufficient to exert any notable influence on 
the tenor of the ore was therefore noted only in ores obtained less 
than 500 'feet below the surface, and some ores from these slight 
depths showed no enrichment phenomena. 

MICROSCOPIC DETAILS. 

ORES FROM DEPTHS OF 1,000 TO 2,500 FEET. 

1. Bonanza ore, main lode, C. & C. mine; depth, 1,650 feet. This ore 
is typical of much of the ore from moderate depths in the lode and 
will be described before.some of the ores from lesser depths, in which 
the relations are similar but are less clearly exhibited. The ore con
sists in the main of a fine-grained granular aggregate of the follow
ing minerals, named in approximate order of abundance: Quartz, 
chalcopyrite, sphalerite, galena, argentite, pyrite, and light-colored 
gold. The argentite and gold are not recognizable to the unaided 
eye, but the microscope shows that they are fairly abundant. The 
relation of the argentite to the other ore minerals is shown in figure 
5, from which it will be seen that argentite bears identically the same 
relation to quartz and sphalerite that galena does, and the two are 
interpreted as of the same age and as primary (hypogene). There 
are no evidences of replacement of galena by argentite along frac
tures or cleavages or along contacts with other minerals. Figure 6, 
drawn from the same specimen, shows light-colored gold in similar 
relations to quartz and sphalerite to those shown by argentite and 
galena. 

2. Bonanza ore, Hale & Norcross mine, 1,100-foot level; collection 
of G. F. Becker. This is a heavy sulphide ore, carrying in approxi
mate order of abundance chalcopyrite, quartz, galena, sphalerite, 
calcite, pyrite, argentite, and pale-yellow gold, all of which are pri
mary, their characteristic relations being the same as observed in ores 
from the C. & C. mine illustrated in figures 5 to 7. Gold is present 
in unusual abundance, and some gold areas are 1 millimeter across. 
. Argentite not only forms areas comparable with the galena in size 
and relations but occurs also in the form of occasional small inclu
sions in chalcopyrite and in gold. 

812950 -22--2 
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3. Bonanza ore, Belcher mine, depth between 800 and 1,200 feet; 
collections of G. F. Becker. Highly quartzose ore ranging in color 
from white where free from sulphides to gray where there is an 
abundance of small sulphide grains. The ore is exceptionally ' rich 
in calcite, which occupies interstices between quartz crystals. 
Through the quartz and calcite the usual suite of base-metal sulphides 
as well as argentite and gold are scattered as isolated grains or small 
aggregates. The textural relations of argentite and gold are identi
cal with those of the base-metal sulphides, and all the minerals 

FIGUam 5,-Argentite occupying a similar interstitial position to galena with reepect to 
quartz and sphalerite, in bonanza ore from 1,650-toot level ot C, & C, mine. Comstock 
lode, Nev, All are believed to belong to the same period of mineralization and to be 
primary (hypogene). Camera luclda drawing from same specimen as figure 6, 

appear to belong to a single period of primary mineralization. No 
replacement phenomena are shown. 

4. Fairly rich ore, Alta mine, 200 feet south of Benton line, depth 
1,960 feet; collections of G. F. Becker. This ore carries galena in 
unusually coarse crystals as much as 1 centimeter across in a matrix 
of much finer grained sulphides. A~lightly later i-inch veinlet of 
white calcite traverses the quartz-sulphide ore. Ore from which this 
sample was taken assayed 55 ounces of silver and 0.27 ounce of gold 
to the ton. The microscope shows in approximate order of abun
dance quartz, pyrite, galena, sphalerite, and chalcopyrite. Argentite 

. or other silver minerals were not noted in grains comparable in size 

) 

BONANZA ORES OF THE COMSTOCK LODE, NEV. 57 

5. North bonanza and Flowery mine, 600-foot level; Becker col
lections. This ore is relatively coarse, showing chalcopyrite areas 
5 to 10 millimeters across. It shows the usual base-metal sulphides 
in a white quartz gangue. No argentite or gold was noted. On 
tarnishing the galena with hydrogen peroxide very narrow replace
ment bands, probably of a silver mineral, became visible about the 
peripheries of some galena areas and between galena crystals. Such 
replacement bands are a minor feature and can represent only a slight 
enrichment in silver. 

6. Andes mine, north drift on 350-foot level; Becker collections. 
This specimen carries in approximate order of abundance quartz, 
sphalerite, chalcopyrite, and galena as primary ore minerals. Sec
ondary covellite forms replacement rims around chalcopyrite and 
also traverses the chalcopyrite as replacement veinlets. Galena is 
replaced peripherally and traversed by replacement veinlets of a 
mineral which in reflected light is slightly darker gray than the 
associated sphalerite but which when scratched is -found to yield a 
white nonmetallic powder. This mineral, whose hardness is about 
the same as that of galena, was identified chemically from the hand 
specimen as anglesite (PbS04 ). In its replacement of galena it 
locally follows with remarkable regularity the cleavage directions 
of the galena. 

7. Gould & Curry mine~ Becker collections. This specimen was 
marked as collected in 1863. The maximum depth attained up to 
that time did not exceed 425 feet. The ore is fine grained and rich 
in sulphides. The microscope shows, in approximate order of abun
dance, quartz, chalcopyrite, sphalerite, galena, and pyrite, with small 
amounts of argentite and gold. 

The argentite and gold are primary, their relations to th,e other 
minerals being similar to those shown in figures 5 to 7. Tarnishing 
the galena with hydrogen peroxide reveals no replacement by other 
minerals. In spite 01 its shallow source the precious-metal content 
of this ore appears to be' wholly primary. 

MINE WATERS OF THE COMSTOCK LODE. 

The mine waters of the Comstock lode have always been of more 
than -usual practical as well as scientific interest, for they have con
Stituted one of .the chief obstacles to mining oJ)erations. The water 
pumped from the lode in one year, 1880, !tbout 7,000,000 tons, equaled 
in weight the total quantity of ore mined from the lode up to that 
year, and between 1886 and 1898, because of the large influx of water) 
deep mining was virtually abandoned. In 1898, through a consolida
tion of operations and the installation of more 'modern pumps, the 
contest with the waters was finally won and mining on the deep levels 
resumed. 
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the galena brown with hydrogen peroxide, which makes visible also 
a relation not seen before tarnishing, namely, the invariable presence. 
between argentite and tarnished galena of an untarnished band 
identical with galena in color and possessing the same perfect cubical 
cleavage, as shown by the occurrence in it of triangular pits identical 
with those that characterize galena. The band between galena and 
argentite evideNtly represents an intermediate product in the replace
ment of galena by argentite. The same phenomenon was recognized 
by the writer in the silver ores of Tonopah,H and the conclusion then 
reached may here be quoted: 

The nature of the intermediate replacement product revealed by the micro
scope between galena and argentite still remains in doubt; it may be a solid 
solution of galena and argentite or a double sulphide of lead and silver. 

Nissen and Hoyt 10 from a study of a series of melts of galena and silver sul
phide conclude that "the limit of solid solution at atmospheric temperatures 
is below 0.2 per cent Ag.S." The apparent homogeneity of the transition 
mineral and the extreme sharpness of the boundaries between it and both 
galena and argentite seem to favor its interpretation as a double sulphide of 
lead and silver. 

The replacement borders of argentite and the unknown mineral 
occur along nearly all contacts between galena and quartz or calcite 
but almost nowhere between galena and sphaler:ite or chalcopyrite .. 
This means apparently that the contacts between galena and metallic 
minerals were less permeable to the replacing solutions than the con
tacts between galena and nonmetallic minerals. 

It is clear that in this specimen a very considerable part of the 
silver content, probably over 50 per cent, is in secondary argentite 
and perhaps lead-silver sulphide developed by the replacement of 
galena. As replacement on this scale is observed only in the shallow 
ores of the lode it is reasonable to conclude that it is an effect of 
descending .solutions-that is, of downward enrichment. 

4. Low-grade ore, Hale & Norcross mine, 300-foot level; Becker 
collections. Highly quartzose ore, nearly white where free from sul
phides but dark gray where crowded with microscopic grains of sul
phides. Parts of the hand specimens are stained brown with limo
nite. The primary ore minerals, named in the approximate order of 
abundance, are quartz, sphalerite, chalcopyrite, pyrite, and galena. 
Some isolated and relatively large areas of argentite in quartz lie 
adjacent to areas of unaltered chalcopyrite and appear to be pri
mary. The secondary minerals are chalcocite and covellite replacing 
a few small areas of chalcopyrite peripherally or extending into them 
as replacement veinlets. 

"Bastin, E. S., and Laney, F. B., The genesis of the ores at TonopaJl, Nev. : U. S. 
Goo!. Survey Prof. Paper 104, pp. 21- 23, fig. 12, 1918. 

,. Nissen, A. E., and Hoyt, S. L., On the occurrence of silver in argentiferous galena 
ores: Eeon. Geology, vol. 10, p. 179, 1915. 

., 
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with the base-metal sulphides, but when the galena was tarnished 
with hydrogen peroxide numerous rounded inclusions of the order of 
0.01 millimeter in diameter became visible in the galena. These are 
too small for certain identification but are "peppered" very abun
dantly through some of the galena crystals and are probably a silver
bearing mineral. The only secondary minerals present are extremely 
narrow replacement bands, probably of polybasite, between galena 
crystals, but these are too few and too. narrow to affect the silver 
tenor of the ore materially. They appear only upon tarnishing the 
galena with hydrogen peroxide. 

FIGURE 6.-Primary argentite and gold (electrum 1) in bonanza ore from 1,650·foot level 
of C. & C. mine, ComstoCk lode. Camera lucida drawing from same specimen as 
figure 5. 

5. Bonanza ore, East vein, C. & C. mine, depth 2,000 to 2,050 feet. 
This specimen w.as a fragment of a large piece in the collections of 
Mr. T. F. McCormick. The large piece showed fine-grained ore rich 
in sulphides traversed by a veinlet consisting mainly of gray quartz 
with which a few flat hexagon~l crystals of polybasite or stephanite 
were intercrystallized. No clearly secondary minerals were recog
nized in the large specimen. The microscopic appearance of the por-. 
tions richest in metallic minerals is shown in figure 7, from which 
it will be seen that, as in the specimens previously described, argen
tite, gold, and galena all bear identical textural relations to quartz 
and sphalerite. This figure shows the somewhat rounded outlines 
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characteristic of much of the sphalerite, in contrast to the crystalline 
outlines usually assumed by the quartz. Such rounded outlines are 
not interpreted in this case as indicative of resorption of sphalerite 
prior to the deposition of galena, argentite, and gold but as expres
sive merely of some difference in the forces of crystallization of 
sphalerite and quartz by virtue of which the quartz more readily 
develops crystal faces. In parts of this same specimen, however, the 
sphalerite develops crystal faces. Rounded outlines in sphalerite are 
common in the somewhat similar ores of Tonopah.to The fine-grained 

.. 

FIGURE 7.-Bonanza ore from C. & C. mine, Comstock lode, East vein, between 2,000 
and 2,050 foot levels, carrying abundant primary argentite associated w1th galena, 
sphalerite, chalcopyrite, quartz, and gold, Camera lucida drawing, 

sulphide-rich portions of this ore from 'which figure 7 was sketched 
are traversed by coarser, highly quart~ose portions,_which appear to 

- represent the latest phase of the mineralization though belonging to 
the same general period. On and between the coarse quartz occur 
argentite, polybasite, and some galena in relatively large crystals. 

6. Bonanza ore, C. & C. mine, East vein, depth 2,200 feet. This 
ore shows gradual transitions from fine-grained ore rich in sulphides 
to coarse-grained ore rich in white quartz and carrying sulphides 

,. Bastin, E . S,' and Laney, F. B., The. genesis ot the ores at Tonopah, Nev.: U. S. 
Geol. Survey Prof. Paper 104, fig. 10, p. 22, 1918. 

) 
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In many parts of the specimen the primary argentite has been re
placed partly or wholly by native silver, the silver masses forming 
minute replacement veinlets or larger and more irregular masses in 
the argentite. Where best developed the replacement by silver has 
involved no change in volume, and no pores are visible, even under 
high powers of the microscope. No mineral other than argentite 
has been replaced by the silver. Tarnishing the galena by hydrogen 
peroxide reveals no replacement of galena by other minerals. 

3. Rich ore, Hale & Norcross mine; Becker collections. The depth 
from which this specimen came was not recorded, but it was 'marked 
as collected in 1860. This date may be in error, for according to 
King 18 operations at this mine were begun in 1861 or 1862. At any 
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FIGURE 1l.-PolybaBite peripherally replacing primary argentite In shallow ore trom 
the Belcher bonanza, Comstock lode. The polybasite is believed to be a deposit from 
descending enriching solutions. Camera lucida drawing. 

rate the specimen was probably collected early in the history of the 
mine and from slight depth. 

The ore is fairly rich in sulphides in grains mostly under 1 milli
meter in diameter. The primary minerals, named in the approximate 
<order of abundance, are quartz, sphalerite, chalcopyrite, galena, 
,calcite, and argentite. Some of the argentite occurs in relations 
similar to those shown in figures 5 to 7 d;hat is, in areas comparahle
in size to the galena areas -and bearing similar textural relations to 
the other minerals. In view of the presence ilL this specimen of 
argentite that -has replaced galena, as described below, the primary 
nature of the larger argentite areas can not be demonstrated but is 
regltrded as probable. 

Nearly every area of galena shows peripheral replacement by 
argentite. This relation is brought out more clearly by tarnishing 

13 Op. cit., p. 174. 
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cate that most of the silver was developed by the replacement of 
argentite. A hand lens shows, however., that some of the silver in the 
larger pores assumes the form of wires or teeth. As native silver 
is found only in ores from shallow depths in the Comstock and is 
usually in ore that is porous or oxidized or both, it is believed to be 
a secondary mineral deposited by descending solutions. 
. In the coarser parts of the specimen some argentite areas show a. 
periphery of polybasite, as illustrated in figure 11. This relationship 
indicates that the polybasite was developed by the replacement of 
argentite, sprea.ding inward from contacts between argentite and 
quartz. Such occurrences were not noted in the deeper ores and are 
believed to be due to downward enrichment . • 

FIGORJj) lO.-Detail, under higher magn.Ulca· 
tion, of the exceedingly irregular replace· 
ment boundary beiween native silver and 
argentite in the specimen from which 
figure 9 was drawn. 

2. Gould & Curry mine ;-Becker 
collection. The original posj - . 
tion of this specimen in depth 
is not given, but it was marked 
as collected in 1860. Up to 1864 
the deepest working was a tun
nel cutting the ore body at a 
depth of 425 feet. In 1864 the 
sinking of the deep shaft was 
begun, but prior to the date of 
King's report 12 (about 1869) no 
important ore bodies had been 
found below a depth of 600 feet, 
and all the ore produced in the 
late sixties was obtained by re
working old ground or from 
new ly discovered deposits in the 
upper levels. It is practically 
certain, the ref 0 r e , that this 
specimen of rich ore came from 
depths of less than 600 feet. 

This is a heavy ore in which the metallic minerals are dominant 
over qua.rtz. A few pyrite grains are 4 millimeters across, but most 
of the mineral grains measure less than 1 millimeter across. Broken 
surfaces feel rough owing to the abundance of native silver. The ore 
minerals, named in approximate order of abundance, are sphalerite, 
quartz, galena, chalcopyrite, pyrite, argentite, native silver, calcite, 
and pale gold. All these minerals except native silver are clearly 
primary (hypogene), and the relations of argentite and gold to the 
base-metal sulphides are identical with those shown in figures 5 to 7. 
Therefore, all the gold and a considerable part of the silver of this 
ore are prunary. 

1ll King, Clarence, op. Cit., pp. 170, 171. 
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sparsely but in relatively large crystals as much as 5 milliIDeters in 
diameter. The coarse portions are vuggy and obviously represent 
the last phases of mineralization. In these coarse-grained portions, 
usually between large quartz crystals but interlocking irregularly 
with smaller ones, occurs argentite intercrystallized locally with chal
copyrite, galena, and light-yellow gold. Polybasite in char~cteristic 
Hat hexagonal prisms occurred in one vug. In the finer-gramed por
tions of the ore the microscope reveals argentite in the same relations 
to the commoner ore minerals as in the specimens already described 
(figs. 5-7) though less abund- _ 
ant. Polybasite is abundant, 
however, and, as shown in 
figure 8, it bears the same 
relation to quartz and sphal
erite as galena does. The 
contacts between polybasite 
and galena are sharp and 
regular and bear no relation 
to cracks and cleavages in the 
galena or to the contacts of 
polybasite with other min-

• erals. The polybasite ap
pears not to replace galena 
but to be contemporary with 
it and primary. The only 
replacement phenomenon ob
served ill: this specimen was a 
slight replacement of argen- . '" :' ,. 
tite by chalcocite along itEi 
contacts with other minerals. 

7. Bonanza ore, East vein, 
Mexican mine, 2,500-foot 
level. In this ore pyrite was 
the earliest metallic mineral, 
and fractures traversing it 

,O.lmm1 

. FIGURIll 8.-Polybasite, probably primary, inter· 
grown with galena, sphalerite, chalcopyrite, 
and quartz in ore from C. & C. mine, Comstock 
lode, East vein, 2,.200·foot level. Camera. 
lucida drawing. 

are occupied by an association of sphalerite, galena, quartz, chal
copyrite, argentite, and gold. Some of the argentite occurs in the 
same manner as in the specimens illustrated in figures 5 to 7, but 
much also forms minute inclusions in galena and especially in sphal
erite. Most of the argentite inclusions in ..galena are round or oval in 
outline and show no definite relation either in form or in distribution 
to the cleavage direction of the galena. Tarnishing the galena with 
hydrogen peroxide reveals a few very narrow replacement" rims" of 
probable polybasite brttween galena and other minerals and along 
contacts between two galena crystals. Minor peripheral replacement 
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of argentite by chalcopyrite was also noted. In vugs occur small 
mosslike masses of argentite and a few crystals of either polybasite or 
pearceite. 

8. Rich ore, Sierra Nevada mine, depth 2,500 feet. Quartz-lined 
vugs contain crystals as much as 2 millimeters across of chalcopyrite, 
pyrite, and pearceite intergrown and obviously contemporaneous. On 
them and on the quartz later crystals of calcite have been deposited. 

9. Ohpir mine, Hardy vein, depth 2,100 feet. This specimen is 
one of the few that show a banded structure. On fu:te-grained sul
phide-rich ore of the usual character a layer of comb quartz about 1! 
inches thick has been deposited. This quartz layer is nearly barren 
of sulphides, but a small branch from it cutting the sulphide ore car
ries scattered crystals of chalcopyrite and pearceite. On the coarse 
quartz crystals of this specimen later crystals of calcite have been 
deposited. Ore from a depth of about 2,200 feet in this same vein 
showed pale gold in unusual abundance and argentite in fair abun
dance, and the texture was similar to those shown in figure 6. 

Other bonanza ores from depths between 1,000 and 2,500 feet show 
characters similar to th<?se which have been described. 

LOW-GRADE ORES FROM DEPTHS OF 2,500 FEET OR MORE. 

With these bonanza ores may next be compared certain ores col- • 
lected personally by the writer from depths of 2,500 feet or more, 
and for the most part of low grade. 

Ore from South drift No.3 on the 2,500-foot level of the Mexican 
mine does not differ notably in general appearance from the rich 
ores but the microscope shows an ore composed essentially of quartz, 
sph~lerite, and · galena, with minute amounts of chalcopyrite and 
pyrite. No silver minerals were recognized, even under high power. 

Ore from East crosscut No.1 on the 2,700-foot level of·the Mexican 
mine said to average about $25 a ton, consists mainly of chalcopyrite, 
quartz, sphalerite, and galena, with rare pyrite. In a very few places 
minute amounts of argentite were noted intergrown with galena or as 
inclusions in sphalerite, but they are exceedingly rare. 

Ore collected from the Union mine, on the 2,600-foot level, shows 
quartz, sphalerite, galena, pyrite, and rare chal?opyrit~ intergrown 
in toe same manner as in the-rich ores, but no SlIver mmerals could 
be recognized. 

SHALLOW BONKNZA ORES. 

Ores from the upper portions of the Comstock lode are now very 
difficult to procure, but the collections of G. F. Becker afforded sev
eral specimens of such ores for study. 

t. Belcher bonanza. Through the courtesy qf Mr. Herbert Hidden, 
of Virginia City, a small specimen from the Belcher bonanza, very 

I ~ 

BONANZA ORES OF THE COMSTOCK LODE, NEV. 53 

rich in both gold and silver, was obtained for study. According to 
Becker's longitudinal projectiuns of the lode 11 the Belcher bonanza 
extended frQm a depth of about 75 feet to a depth of about 350 feet. 
The exact place of origin of the specimen is uncertain, but it pre
sumably came from this ore body or was obtained ~t no great distance 
below it. 

The small specimen, 1 inch across, though not stained with iron 
oxides is very porous in places, evidently as an effect of the sol vent 
action of descending mine waters. The ore minerals are quartz, 
pyrite, chalcopyrite, sphalerite, galena, argentite, gold (light 
colored), native silver, and polybasite. There is a transition from 
fine-grained ore rich • 
ins u 1 phi des t 0 rn--::---::-:---;----;:-~--:r::;:----1 - ,.- ' ,,-:-' --:r-~-~ ---:~~"'-..., 

coarser ore rich in --> r' _" r--? " r r !, 

qua l' t z, but both ---------------,-,-.--rrr--=-----,.. i ~ <.. 

types show all the 
minerals listed 
above except poly
basite, which is 
present only in the 
coarser portions. 
With the exception 
of native silver and 
polybasite the ore 
minerals are inter
crystallized in the 
same manner noted 
in the deeper bo
nanza ores and il
lustrated in figures 
5 to 7. Argentite 
is abundant even in 

Imm', 

FlGUIlm9.-Prlmary (1) argentite in small quartz·linM vug 
peripherally replaced by native sliver, In shallow ore 
from Belcher bonanza, ComBt~ck lode. The silver Is 
believed to be a deposit from descending solutions. 
Camera luc1da drawing. 

the finer-grained portions of the ore, is related to the other minerals 
in identically the same fashion as galena, and is believed to be pri
mary (hypogene). 

In the more porous I>ortion~ of the specimen, pa.rticularly the 
coarse-grained portions, native silver occurs associated exclusively 
with argentite and bearing the relations to it illustrated in figures 9 
and 10. Where sparsely developed the silver lies mainly along the 
contacts between argentite and quartz which borders it, or adjacent 
to open spaces developed along such contacts, as is shown in figUl:e 9. 
The contacts between argentite and silver, in marked contrast to those 
between argentite and galena, are exceedingly irregular, as shown in 
figure 9 and on a larger scale in figure 10. Such relations clearly indi-

11 Becker, G. F., op. cit., atlas sheet 11. 
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PROPYLITIZATION AND RELATED TYPES OF 
ALTERATION ON THE COMSTOCK LODE. 

ROBERT COATS. 

ABSTRACT. 

Descriptions of several occurrences of propylitized andesites 
are reviewed, including the original descriptions of "propylites." 
The principal explanations that have been offered for propylitiza
tion are: (a) dynamometamorphism; (b) autohydration; (c) 
origin through post-volcanic activity, generally by vein-forming 
solutions. The general geology of the portion of the Comstock 
district pertinent to the discussion is reviewed. The unaltered 
andesites are pyroxene-amphibole andesites. There are three 
principal types of alteration, deuteric, propylitic, and zeolitic. The 
deuteric is probably due to water vapor contained in the rock 
at the time of its crystallization. The propylitic appears to be 
due to heated solutions given off by a later intrusive. The 
zeolitic is apparently associated with vein-forming agencies. 

INTRODUCTION. 

MOST processes of hydrothermal alteration have been named from 
the characteristic mineral developed by them.' The name thus 
comes to express the concurrence of two !actors, process and 
material, rather than process solely. The term propylitization 
has been derived otherwise, but has the same limitations. Propy
lites are altered andesites. The degree and type of alteration 
present in rocks that have been described as propylites vary 
widely, however, as shown by a review of the literature. Between 
1933 and 1937 the writer had occasion to study one of those 
occurrences of altered andesite to w~ich the name propylite was 
earliest applied, and which might be said to be, in a measure, the 
" type locality" for propylitization-the Comstock Lode. Many 
of the rocks studied in thin section were taken, as nearly as pos
sible, from the original localities of the propylites described by 
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Zirkel in the reports of the 40th Parallel Survey. These original 
propylites are here re-described, and upon the new descriptions 
is based a proposed definition of propylitization. 

The origins suggested for propylitic alteration are reviewed 
briefly, and it is shown that no one of them is strictly applicable 
to the Comstock Lode. In all probability, similar end products 
may be produced by solutions having quite different origins. 

REVIEW OF PREVIOUS WORK. 

Under this heading the descriptions of propylitized rocks, their 
relationships to volcanic and tectonic ,phenomena, and the .origins 
suggested are discussed. Lindgren 1 ard Schwartz 2 have sum
marized American literature so well that this review will concern 
itself chiefly with foreign descriptions. 

Descriptions of Propylitic Alteration. 

The geologists who first examined the Tertiary ore deposits in 
the volcanic rocks of Eastern Europe learned to recognize a rock 
resembling somewhat the normal andesite, but differing from it 
in habit and superficial appearance. During the middle of the 
last century, similar rocks were found in many famous mining 
camps of the North American Cordillera. 

von Richtofen, S who had studied the ore deposits of Hungary 
as well as those of the Comstock Lode, christened the rock in 
question "propylite" to express his belief that it was the pre
cursor ' of all the volcanic rocks, i.e ., that it inaugurated Tertiary 
vulcanicity, since pre-Tertiary rocks at that time were 110t con
sidered volcanic. 

Zirkel/' who identified the rocks collected by the 40th Parallel 
1 Lindgren, W.: Metasomatic processes in fissure veins. Trans. A . 1. M. E. 30: 

579-689,1900. 

2 Schwartz, G. M . : Hydrothermal alteration of igneolls rocks. Bull. G. S. A., 50: 

I95- J 97, 1939· 
3 von Richtofen, F . : The natllral system of volcanic rocks. Mem. Cal. Acad. Sci., 

I : 22, 1868. 
4 Zirkel, F . : United States Geological and Geographical Survey of the 40th 

Parallel, p. 83, 1873. 
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Survey, generally followed the identifications of von Richtofen. 
With the exception of the diorite intrusion of Mt. Davidson, 
which was regarded as pre-Tertiary, the entire Virginia Range 
was regarded as having been covered by "an outflow of pro
pylite." 

Zirkel summarizes the following properties of propylites, as 
distinguished from andesites: Greenish gray groundmass, struc
ture resembling diorite porphyry, the pl:esence of scattered horn
blende dust, the lack of glass inclusions in plagioclase, and of 
glass in the groundmass, the prevalence of epidote, the rarity of 
augite, the predominance of green rather than brown hornblende. 

Becker,5 however, determined as green chlorite much that was 
identified by Zirkel as hornblende. He came to the conclusion 
that 

the mineralogical composltlon and structure of the propylites of the 
Washoe district in their original state were identical with those of cer
tain fresh rocks found in the same region, namely, granular diorite, 
dioritic porphyry, diabase, hornblende andesite and augite andesite. The 
g reat and misleadi ng similarity of the propylites to one another is due 
not to original constitution, nor to their geological relations, but to the 
identity of the decomposition processes to which they have all been 
subj ected. . 

Lindgren 6 in 1900, quoted the definition given by Rosenbusch 
that propylitization consisted in a loss of the glassy habit of the 
feldspars, the chloritic alteration of the hornblende, biotite and 
pyroxene (commonly with the intermediate stage of uralite), and 
also in the alteration of the normal groundmass into a holocrystal
line granular aggregate of feldspar, quartz, chlorite, epi·dote, and 
calcite, commonly with a considerable development of sulphides, 
generally pyrite. 

B. von Inkey 7 emphasized the alteration of hornblende and 
pyroxene to chlorite and carbonate. Biotite and feldspar may be 
quite fresh, according to him ; pyrite is not essential. Schu
macher's definition did not differ greatly from this. 

5 Becker, G. F . : Geology of the Comstock Lode. Mon. III, U. S. Geol. Surv. , 
p. 88, 1882. 

G Lindgren, W.: op. cit., p. 585. 
7 von Inkey, B.: De la Relation entre I'Etat Propylitique des Roches Andesi

tiques et Leur Filons Mineraux. Compt. Rend. Congo Geol. Int., X. Sess. , I: 
501-517, 1907. 
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Lazarevic 8 divided propylitization into two types: (a) the 
zeoli tic, corresponding with that described by Schumacher and 
von Inkey, except that the presence of zeolites is considered es
sential, and (b) the pyritic, in which the feldspars are sericitized 
and kaolinized, and much pyrite' is added, together with some 
alunite, 

T. Kala 9 was apparently the first to recognize the albitization 
of plagioclase as an essential feature of propylitization, 

Biirg/o in I93I , reviewed propylitization and other types of 
alteration with specific reference to the occurrences at Brad, in 
the Siebenburgen. Because of the looseness that has crept into 
the usage, Burg prefers to use the phrase "grunsteinartige 
Andesitfacies" instead of propylite. His definition corresponds 
with that given by Schumacher. Megascopically he recognized 
as characteristic: (a) the loss of the original trachytic character 
with the formation of a tough rock with conchoidal fracture, 
(b) disappearance of porphyritic structure due to the alteration 
of the dark constituents, (c) greenish color of the rock. 

Krusch 11 also worked at Brad. He recognized as propylitiza
tion the alteration of the rocks to become greenish, duller, and 
more or less impregnated with pyrite. New minerals are calcite, 
sericite, chlorite, epidote, quartz, etc. Pyroxene and amphibole 
are first altered completely to chlorite whereas the feldspars re
main rather fresh. The propylite of Brad is like that of other 
young gold-silver veins, except that the latter have, in general, 
suffered a more complete alteration of the feldspars . This, 

8 Lazarevic, M.: Die Propylitisierung, Kaolinisierung, und Verkieselung und 
ihre Beziehung zu den Lagerstatten der propylitischen jungen Gold-Silbergruppe. 
Zeits, f . Prakt. Geo!., 21 : 345-361, 1913. 

9 Kato, T .: Mineralization sequence in the formation of the gold-silver veins of 
the Toi Mine. Jap. Jour. Geo!. Geog., 9 : 7-86, 1931. 

I dem : Last Stage of Magmatic Differentiation as represented by Tertiary Gold
Silver Veins. Compt. Rend. Congo Geo!. Int., XV. Sess. , 2: 9-12, ~931. 

1 0 Burg, G.: Charakteristic der griinsteinartige Andesitfacies, ihre Ursachen und 
Beziehungen zur Kaolinisicrung und V erkieselung. Zeits. f . Prakt. Geo!., 39: 

161- 173; 187-192, 1931. 
11 Krusch, P .: Die GoJdgange der Rudaer 12-Apostel-Grube bei Brad (Sieben

biirgen). Zeits . f . Prakt. Geo!., 44 : 1-55, 1936. 

.. 
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however, is only a qualitative difference, since the alteration of 
the feldspars at Brad had begun, but was not completed. 

Schwartz 1 2 has recently reviewed exhaustively the various 
types of hydrothermal alteration of igneous rocks. He regards 
propylitization as being characterized by the formation of chlorite 
and epidote. He quotes Kemp's definition of propylite as "the 
alteration of igneous rock in which hydrous magnesian alteration 
products are important and are associated with epidote and 
carbonates. " 

Relationship of Propylitizati01t to Volcanic and 
Tectonic Phenomena. 

Propylitization has generally been regarded, in this country 
at least, as a phenomenon spatially related to vein fractures, and 
generally caused by vein-forming solutions. However, several 
authors have noted a lack of such spatial relationship, and not 
a few have attributed the alteration to other causes. 

B. von Inkey 18 early remarked on the regional character of 
propylitization, as compared with the kaolinization, which was 
clearly due to vein-forming solutions. 

Lazarevic 14 noted that the propylitized rocks in areas studied 
by him showed neither signs of dynamometamorphism, nor de
pendence on zones of crushing. The degree of propylitization 
does not increase with approach to the veins. The propylitic al
teration occurs over large areas where no veins are known, and 
the veins are found in fresh andesite. 

Schneiderhohn 15 mentioned the regional character, and an
nounced that propylitization is older than the ore-formation and 
older than the alteration of the immediately adjacent country 
rock of the ore. 

Burg 16 noted that, at Brad, the volcanic necks are each uni-

12 Schwartz, G. M.: loco cit. 
1S von Inkey, B. : loco cit. 
14 Lazarevic, M.: loco cit. 
15 Schneiderhiihn, Hans: Die jtlngeruptive Lagerstattenprovinz in Serbien, Sieben

burgen, Ungarn tlnd dem Banat. Centro f. Min. Abt. A.: 404-406, I9 2 8. 
16 Burg, G.: loco cit. 

• 
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formly, but to differing degrees, attacked by this type or 
alteration. 

Krusch/7 working in the same region, noted that there was no 
propylitic zone corresponding to vein distribution, but extensive 
propylitization over a wide area. Krusch also pointed out that 
no propylite arising from dynamometamorphism is known, and 
known dynamometamorphic rocks differ from propylite. 

Kato/8 in reviewing the features of the epithermal deposits 
in Japan, noted that the alterations are commonly so widely 
developed that they must be explained as having been ' accom
plished by solutions derived from a more or less deep seated 
source, and permeated or diffused through the overlying rocks. 

Ca.mpbell/9 in discussing the alteration at Tonopah, noted that 
the earlier propylitic alteration was widespread, and antedated 
the actual ore deposition. 

Lindgren, 20 discussing propylitic veins, mentioned the wide
spread character of the alteration at Pachuca and Silver Cliff, 
Colo. 

ORIGIN OF PROPYLITIC ALTERATION. 

Examination ' of the literature shows that the explanations 
offered for the origin of propylitic alteration have varied widely. 
In part these variations reflect the variation in nature of the 
process so named, in part, variations in opportunities for obser
vation. 

The various explanations have been well summarized by 
Biirg.21 Propylite was considered by von Richtofen, Doelter. 
and Weinschenk as an independent rock, while Becker, Szabo, 
Kock, and von Inkey considered it as an alteration of andesite 
or dacite. Biirg classified the explanations that have been of-

17 Krusch, P.: loco cit. 
18 Kato, T.: Some characteristic features of the ore deposits of Japan, related 

genetically to the late Tertiary volcanic activity. J ap. Jour. Geo!. Geog., 6: 31-48, 

192 8. 
19 Campbell , Ian: Some inter-relations between phases of alteration and types of 

rocks in the Tonopah mining district, Nevada. Bull. G. S. A., 44: 164, 1933. 
20 Lindgren, W.: loco cit. 
21 B(irg, G.: op. cit., p. 161. 
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fered for the origin of propylitic alteration as follows: (a), 
origin through post-volcanic activity (Szabo, lnkey, Rosenbusch, 
Becker-to whom might well be added Lindgren, Kato, and most 
American writers); (b), origin through dynamic action (Schu
macher); (c), origin through autohydration (Balfy, Niggli, 
Schneiderhohn, Burg). 

Lazarevic 22 considered the zeoli tic propylitization to be due to 
carbon dioxide, the pyritic to hydrogen sulphide gas. He be
lieved propylitization to be due to post-volcanic action on normal 
rocks, although not an alteration proceeding from the veins. 
Kat~ 23 thinks that propylitization represents the first stage of 

hydrothermal mineralization or the first stage of the post-volcanic 
process. 

Burg 24 attributes the formation of the "grunsteinartige An
desitfacies" to autohydration. Hydrogen sulphide could not 
have been important, judging from the small quantity of pyrite 
formed. The alteration of the ferromagnesian minerals to 
chlorite in rocks, the feldspars of which remain fresh, indicates, 
according to Burg, the agency of water vapor rather than carbon 
dioxide. A relatively early period of alteration is indicated by 
the presence of inclusions of chloritized pyroxenes in fresh bi
otite. He thought that the "greenstone-like andesite facies of 
the pyroxene-amphibole andesite must be considered as an auto
metamorphism during the cooling of the rock." The temperature 
conditions of alteration are about the same as the existence region 
of hornblende, namely, 500 to IOOO O C. Pressure is the essential 
factor, the autohydration begins at the point where the water-free 
silicates are no longer stable in the water-rich magma. The dif
ference between andesite showing this alteration and that which 
does not is due entirely to the conditions of consolidation. At 
lower temperatures, feldspars begin to be altered. This is 
characteristic zeoli tic propylitization. 

22 Lazarevic, M.: op. cit., p. 350. 

23 Kato, T.: Mineralization sequence in the formation of the gold-silver veins of 
the Toi Mine, Idzu Province. Jap. Jour. Geo!. Geog., 9: 73-74, 1931. 

24 Biirg, G.: op. cit., p. 173. 
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Krusch 2~ inclines to the Stelz~er-Bergeat explanation of pro
pylitization as due to the extensive penetration and soaking by 
gases of a magma not yet entirely solidified. This differs from 
the usual explanation only in the point of the time when the action 
took place. At Brad, according to Krusch, the great gas-richness 
of the magma caused such soaking to begin . immediately after 
the solidification of 'the magma and to continue after ' the forma
tion of fissures and their filling. 

Schneiderhohn 26 also considered propylitiiation as a sort of 
autohydration, beginning either directly after the solidification 
or in part before the solidification of the rocks. It is due to 
the volatile constituents of the rocks, which were set free by 
crystallization, and is thus analogous to · many chloritic green
stone formations in diabase. to serpentinization of olivine rocks, 
much epidotization, and others. 

It may thus be .seen that, although in many localities propy
litization is directly related to metalliferous lodes, in others it ap
pears to be more widely distributed. In places it is related to 
surfaces of flows or contacts of intrusives,' or to widespread 
fracture systems. Most American authors have considered pro
pylitization to be due to hydrothermal alteration by vein-forming 
solutions; European authors have described as propylitization 
similar types of alteration, some of which appear to be due to 
autohydrothermal or deuteric action, possibly also to dynamo
metamorphism, as well as to post-volcanic processes in the widest 
sense. 

ALTERATION IN THE COMSTOCK DISTRICT. 

Outline of Geology. 

An understanding of the nature of the alteration along the 
Comstock Lode presupposes an acquaintance with the distribu
tion and relations of the chief rocks concerned. T he two prin
cipal rock bodies involved are the Alta andesite, a series of 
pyroxene and hornblende andesite flows and breccias more that;' 
2000 feet thick, with interbedded rhyolitic tuff, and the Davidson 

25 Krusch, P.: op. cit., p. 7. 
26 Schneiderhiihn, Hans: op. cit., pp. 404-406. 
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diorite stock, intrusive' into the volcanics and pyroclastics. These 
rocks are cut by the Comstock fault, striking roughly north
northwest in this area, and dipping about 35° eastward. The 
throw of the fault movement was about 2400 feet before min
eralization, and about 1600 feet . subsequently. No diorite is 
exposed in the eastern, or hanging-wall, block, at levels reached 
by accessible workings, although porphyritic rocks, possible off
shoots of it, are present. The contact of the diorite stock flares 
outward irregularly with depth, so that the footwall of the bult, 
over the most productive portion of its length, is diorite. The 
Sutro Tunnel and its laterals permit access to the hanging-wall 
block at an elevation of about 4500 feet above sea level. The 
elevation of the surface on the hanging-wall block ranges from 
about 5500 to 6100 feet above sea level, over most of the area; 
that of the footwall from 6000 to 7900 feet. 

The Alta andesite series has a variable attitude. In the hang
ing-wall block it dips generally westward, as shown by the obscure 
flow-banding and the attitude of the interbedded pyroclastics, at 
angles ranging from 15 to 500. In the footwall, dips are more 
irregular, but are generally steeper, and reversals of dip may be 
observed. 

Character of the Alta Andesl:te.-The A lta andesite is a series 
of andesitic flows and intercalated andesitic breccias. Both matrix 
and fragments of the breccias are chiefly andesitic, although acci
dental fragments are present. \iVhere fresh, the breccias and 
flows may be readily distinguished; a relatively slight degree of 
alteration renders the distinction very difficult. Since the nature 
and distribution of the alteration are more readily studied in the 
flows than in the breccias, the alteration of the flows will ' be 
considered exclusively in the following discussion. 

Megascopically, the flows display certain differences. The 
lower flows seem to be generally gray to black in color, with large 
to medium-sized prismatic crystals of dark hornblende. The 
higher flows appear to have a less crystalline groundmass, a larger 
proportion of plagioclase phenocrysts, slightly smaller hornblencle 
crystals, and more plentiful magnetite. 
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Petrography of the Alta Andesite. 

Under the microscope, it may be seen that the texture of the 
flows is actually seriate, rather than strictly porphyritic, all sizes 
of- crystals being present, from the largest down to the microlites 
of the groundmass. 

In the freshest specimens the plagioclase phenocrysts, com
monly up to two or three millimeters in size, make up as much 
as 30 per cent of the rock. In composition they vary from An50 
to ' An64. The ferromagnesian minerals are hypersthene, diop
sidic augite, and hornblende; pigeonite is rare. The presence of 
hypersthene was difficult to establish in most sections, since it 
is almost never found fresh in these rocks. Nearly every section, 
however, shows bastite pseudomorphs, commonly with the simple 
prismatic form that seems to characterize the rhombic pyroxene. 
All ferromagnesian minerals range in quantity from one to five 
per cent, rarely slightly more. The augite is commonly in ir
regular prisms and rounded grains, seldom larger than I mm. 
Where fresh it is commonly clear, non-pleochroic, or only slightly 
so in greenish tones. I t shows an extinction angle of about 45 0 

on (oro), a double refracti«)11 of about 0.30, and a slight inclined 
and rhombic dispersion, indicating the diopsidic character. The 
axial angle is about 60 0

• The hornblende is typically a variety 
pleochroic in greenish-brown and yellow-green tones. The ex
tinction angle on the clinopinacoid varies from 13 0 to 15 0

. A 
typical pleochroism formula is: X = pale yellow, Y = olive 
green, Z = greenish brown. The hornblende commonly occurs 
in prisms up to 3 or 4 mm. in length. It shows the dark resorp
tion border, typical of extrusives, of magnetite gramiles, in which 
may sometimes be detected grains of augite. 

The chief accessories are apatite, magnetite, and rare zircon. 
The apatite is characteristically pseudo-dichroic, the E direction 
being dark brown, the 0 direction gray, due to the presence of 
oriented inclusions in the apatite. 

The groundmass of the fresh andesite has a texture ranging 
from hyalopilitic to pilotaxitic. The glassy mesostasis has 
generally crystallized to irregular areas of quartz, with patchy 

I 
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extinction. It encloses microlites of plagioclase varying in com
position from oligoclase andesine to basic andesine, with granules 
of augite and of magnetite. 

Types of Alteration. 

Deuteric.-The most widely distributed type of alteration in 
the Alta andesite is the conversion of the rhombic pyroxene to 
pale green pseudomorphs of bastite. So universal is this phe-

. nomenon that the existence of rhombic pyroxene in these rocks 
might be considered doubtful. The evidence for it includes: The 
simple outline of the pseudomorphs, as contrasted with the stub
bier prisms, showing more numerous forms, of the augite; the 
lack of aluminous or calcareous minerals with or in the bastite; 
the occasional occurrence of these pseudomorphs with jackets of 
fresh augite, resembling the common type of augite jacket on a 
hypersthene core. This conversion of rhombic pyroxene to bas
tite is found in rocks that otherwise show no trace of alteration. 
It is not confined geographically or tectonically in its occurrence. 
nor does it show any relationship to cooling boundaries, as far 
as could be observed. 

This type of alteration is interpreted by the author as being 
approximately equivalent to the autohydration of some European 
authors. 

Propylitic.-The most widespread type of secondary alteration 
is shown by the rocks that were originally described as propylites. 
They are well exposed in the footwall block, particularly to the 
north and south of the outcrop of diorite and the zone of thermal 
metamorphism surrounding it. Megascopically, the first effect 
of this type of alteration is the emphasizing of the feldspar pheno
crysts, by l;endering them less translucent. The rock loses its 
dark gray or bluish gray color and becomes greenish gray. Fur
ther alteration reduces the entire rock to a dull greenish mass, the 
ferromagnesians and feldspars being both completely altered. 
The conchoidal fracture possessed by the fresh rock is lost; the 
rock acquires a fracture like that of under-burned brick. 

The propylitic alteration is characterized microscopically by 



12 ROBERT COATS. 

the presence of epidote, chlorite, and albite. It has resulted, 
where mild, in the partial replacement of labradorite by veinlets 
of albite, flakes of sericite, calcite, and granules of epidote. The 
hornblende has been converted to calcite, chlorite, and magnetite. 
The color of the bastite replacing the rhombic pyroxene has 
changed from yellowish green to bluish green. The groundmass, 
once an allotriomorphic aggregate of pyroxene and plagioclase, 
has been largely replaced by chlorite and albite, calcite, and some 
quartz. Alteration of this intensity is not sufficient to destroy 
the dark color and relatively fresh appearance of the rock. 

Specimens that have acquired the dull green color of the 
typically propylitized rocks show feldspars completely altered to 
epidote, clinozoisite, and albite. In the areas once occupied by 
ferromagnesian minerals, the chlorite and calcite appear to have 
been replaced in part by epidote, which has derived part of its 
iron. from some of the magnetite. The plagioclase of the ground
mass is completely albitized and epidotizecl, with retention of 
the form and albite twinning. There is developed a considerable 
amount of secondary quartz in clear grains, scattered through the 
ground-mass; also coarser epidote, with which are associated clear 
secondary quartz and albite. 

Specimens taken from the Sutro Tunnel level, near the Com
stock Lode, differ from those taken on the surface in the footwall, 
and described above, chiefly in that the epidote does not appear 
to be developed in as large or as clear grains in the former. The 
minerals present are similar. 

More ,remote from the footwall, the alteration is similar in 
type, but less intense. In nearly every rock in which the feldspar 
is at all altered the ferromagnesian minerals are as highly altered, 
but feldspars may be quite fresh in sections in which ferromag
nesian minerals are converted completely to chlorite; calcite, and 
quartz. 

As seen in surface exposures, the propylitization is much better 
developed on the · footwall side of the Comstock Lode than on 
the hanging wall. One reason for this is that the hanging wall 
was more intensely fractured before mineralization and has suf
fered more widespread alteration of the types associated with 
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he attributes the alteration to hydrothermal metamorphism by the 
Davidson diorite. 

CONCLUSION. 

It has been shown that the term propylitization has been ex
tended to cover a variety of different types of alteration, and 
that these types of alteration have been produced in several dif
ferent ways. By no means all propylitic alteration is to be at
tributed to hydrothermal alteration by vein-forming solutions. 
The writer believes that the term should be applied to rocks essen
tially resembling the original propylites, which are altered andesite, 
containing epidote, comparable in size with the feldspars, and 
albite, replacing plagioclase; and . secondary chlorite, calcite, and 
epidote, replacing ferromagnesian minerals. The occurrence of 
pyrite is not necessary to the definition of propylite. The some
what similar, less intensely altered basic or intermediate volcanics 
commonly found in association with epithermal ore deposits might 
well be termed epi-propylites. 

U. S. G. S., 
WASHINGTON, D. C. 

July 6, 1939· 
• • 
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mineralization and therefore a more intense attack by supergene 
alteration. This latter has created near the lode, especially on 
the hanging wall side, a wide belt of bleacheQ and stained rock 
that separates the intensely propylitized rocks of the footwall 
from the nearest recognizable outcrops of andesite in the hanging 
wall, which have suffered relatively slight propylitization. In 
addition to this effect, the considerable movement on the Com
stock fault has brought to light rocks on the footwall side that 
were more deeply buried at the time of -alteration than those on 
the hanging wall side, now at the same level. These differences 
between foot- and hanging-wall rocks, together with the relative 
scarcity of mine workings in the footwall, are responsible for the 
observation of Lindgren 27 that epidote is more common on the 
surface than underground. 

The propylitization does not appear to bear any relationship 
to cooling surfaces or flow tops or bottoms. In many places in 
the footwall it may be observed to increase in intensity in the 
vicinity of systems of steeply dipping fractures. These fracture 
zones are more or less parallel with the main axis of the Washoe 
or Virginia Range; the fractures are irregular in strike and dip 
when examined in detail, are spaced two or three inches, or less, 
apart, show slight separation of the walls, and no movement of 
one wall relative to another, since there is no siickensiding of 
walls. Some show small veinlets of quartz, free from metallic -
minerals, and of hematitic jasperoid-like material, apparently 
fine-grained q"uartz and hematite. They show no relationship 
to known faults, or to zones of bleaching, silicification and iron
staining. In detail, the alteration shows no relationship to the 
contact zone of the Davidson diorite; in general, the degree of 
intensity of alteration declines with distance from the intrusive; 
some highly altered areas are remote from known outcrops of 
the intrusive. The diorite and the thermally metamorphosed 
andesites and tuffs of the contact -zone have, however, been pro
pylitized to some extent. 

The origin of the propylitic alteration will be discussed in more 
de tail on a following page. 

~7 Lindgren , W.: op. cit., pp_ 578-692-
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Z eolitic.-Another type of alteration, less widespread in its 
distribution, which is seemingly controlled by mineralized frac
tures, may be a late phase of the propylitization, although the 
spatial distribution suggests that it is related to solutions that 
followed different channels. Because the alteration of this type 
is in many places superimposed on the propylitic rock, it is 
difficult to find specimens that show zeolitic alteration without 
propylitic. 

The chief characteristic of this type appears to be the develop
ment of albite, with more or less zeolite, which is sometimes 
identifiable as natrolite, in the plagioclase phenocrysts. Locally, 
as at the top of South Twin Peak, near the Lode, the plagioclase 
may be altered to calcite, albite, and natrolite, without any per
ceptible alteration of hornblende and clinopyroxene. The selec
tive effect of this type of alteration on the feldspars rather than 
the ferromagnesian minerals helps to distinguish it from the 
propylitic. Where it attacks rock that has been previously 
propylitized the only sign of its presence might be the occurrence 
of natrolite. The distribution of pyrite appears to be more 
limited areally than that of zeolites, but otherwise seems to be re~ 
lated to this type of mineralization. Surface specimens rich 
in pyrite are not found, because of the thorough-going destruction 
of the rock minerals by the sulphuric acid released by the oxida
tion of the pyrite. 

Other Types of Hydrothermal Alteration.-Some specimens 
of andesite from underground workings in the neighborhood of 
the Lode show replacement of the groundmass by poikiloblastic 
plates of gypsum enclosing remnants of anhydrite, evidently 
the original metasome. 

In the immediate vicinity of the veins, the country rock has 
undergone a thorough-going silicification and sericitization. 

There are thus present on the Comstock three types of altera
tion, rather similar in character. The earliest, or deuteric, type, 
is characterized by the conversion of orthopyroxene to bastite. 
The generally crystalline character of the groundmass may also be 
an effect of this. The most widespread type, propylitization, is 
chara.cterized by the development of chlorite, epidote, albite, and 
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calcite, the ferromagnesians being more easily altered than the 
feldspars. The third type, zeolitization, is characterized by the 
development of natrolite in plagioclase, with albite and calcite, 
and by alteration of feldspar before the ferromagnesian minerals. 

ORIGIN OF PROPYLITIC ALTERATION. 

For various reasons, none of the three explanations most com
monly offered for propylitic alteration seems applicable here. 

Schumacher's suggestion that propylitization could be due to 
dynamic metamorphism is hardly applicable, since the most 
thoroughly propylitized rocks show no effect of stress, no crush
ing or granulation, no nortar structure or strain shadows. 

There is little evidence to suggest that propylitization on the 
Comstock could be due to autohydration, because of the lack of 
relationship to original igneous structures, and because of its 
definite relationship to later fractures. 

The widespread character of the propylitic alteration, and lack 
of spatial relationship to the vein fractures suggest that it was 
not due to vein-forming solutions. The lack of pyrite in highly 
propylitized rocks contrasts with the usual type of hydrothermal 
alteration in the vicinity of epithermal veins. The coarseness of 
the epidote in typical propylitized rock, as compared with the wall 
rock of the veins, and the development of albite from feldspar, 
both suggest solutions at rather higher temperatures than those 
usual in epithermal ore deposition. Taken together, the observa
tions suggest to the writer that propylitization on the Comstock 
was due to hydrothermal alteration independent of, and probably 
antecedent to, the ore depositi~n on the Comstock Lode. The 
areal distribution of the propylitization on the Comstock suggests 
that the source of the solutions should be sought in a body of 
cooling igneous rock beneath the footwall block. This may have 
been a deeper portion of the Davidson intrusive. The writer 
does not believe it could be properly attributed to the now exposed 
portions of the Davidson stock, because of the alteration that these 
show. The conclusion of Calkins 28 is rather similar to this, as 

28 Calkins, F. c.: Igneous activity in the Comstock district, Nevada. Trans. Am. 
Geophys. Union., p. 262, 1938. 
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