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Appendix A

Geology of the El Tigre District, Mexico

By R. T.

Grocrarny, To furnish a framework upon which to
hang the geology, a brief outline of the geography of the
surrounding country is necessary. The Tigre (or ‘Lucky
Tiger’) mine is sitvated in the north-eastern part of
Senora. Mexico. The elevation is 5800 ft. Four milgs
north of El Tigre is Pilares de Teras, where are the Cineo
de Mavo and Roy mines. Two miles north of El Tigre
are the North Tigre and Santa Maria mines.

The distriet les on the steep western slope of the Teras
range of mountains. It is traversed by several deep
eanyous. all flowing west. The Bota is the deepest; it is
three miles north of El Tigre and separates the Pilares
and North Tigre districts. A branch of the Bota cauyon
has its source behind 'Tigre pealk, the high mountain a
mile east of the town.

At the north edge of the town is the Combination
eanyon; at the south edge is Espuelas canyon. The two
join at the mill to form the head-waters of the Chinosos
stream. A mile south of the town is the Tigre canyon.
This is a branch of the Otates arroyo, which drains the
west flank of the Teras range as far south as the Temblor
mine. On the east side of the range the Pita canyon is
the Jargest and deepest. The Pita stream flows east and
empties into the Bavispe river near the town of San
Miguel. Here the Bavispe flows north, between the Teras
and Sierra Nevada ranges. Thirty miles north of El
Tigre the river makes a loop around the north end of the
Teras range and flows sonth, receiving the waters of the
Bota, Chinosos, and Otates streams, before joining the
Aros to form the Yaqui river.

A rectangular area, ineluding the prineipal claims of
the Tigre Mining Company, was selected for detailed
peological work., This area is roughly two miles long
(north to south) by one mile wide. It extends from
Palomitas canyon on the north to the South Tigre work-
ings on the south; and from the mill on the west to the
charcoal kilns on the east.

GEeNERAL GEOLOGY. During Mesozoic time the region
about Bl Tigre was a rolling plain, covered with fluviatile
fans fed by the erosion of the gramite and limestone.
Probably this surface was fairly clese to sea-jevel, for
only 20 miles west are thick beds of caleareous shale,
which appear to have been deposited during the Mesozoic
era.

Portions of the old surface are found at several places.
The most conspicuous of these is the level beneh above
the dark rock on the hill north of the mill. The mill itself
is on the granite, at a eonsiderable distance below the
Mesozoie surface; the old surface as well as all overlying
strata having been trenched during recent time by the
Chinosos stream. It is interesting to note that strati-
graphieally the mill is at the lowest point for miles
roundabout.

MISHLER

The Tertiary era was an age of iniense volcanic activ.
ity. The old surface was covered with successive flows
of thyolite and rhyolite tuff; the whole series aggrepating
4000 ft. in thickness. This voleanic roek constitutes the
main part of the mouniaing about El Tigre.

The lowest flow of lava, called locally the ‘Nodular’
formation, was lnid down early in Tertiary time. After
its formation, volcanic activities ceased for a while.
Mipor drainage systems were formed and an extensive
lake was developed, with its centre where the town is
now, 'The bed of the lake beeame filled with shale and
thin layers of limestone. Later a new voleanic era was
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ushered in by showers of voleanic ‘ash’. These formed
beds of tuff, blotting out the inegualities caused by for
mer erosion and covering the old lake-bed to a depth o}
500 ft. Finally, a single flow of lava, 250 ft. thiek, was
poured out upon the tuff and overspread the whole dis
trict. 'The tuff and caleareons shale have received the
local name of ‘Flat’ formation. The massive lava-flon
is ealled the * Cliff” formation. It eonstitutes the escarp
ment just above the town.

Following the deposition of the CHE lava, there wa:
another lull in voleanie activity, during which 30 ft. of
wind-stratified twff was laid down. Then followed the
most intense period of voleanic activity. Flow followec
flow, until a mass of lava 2500 ft. thick had been pilec
apon the tuff beds. 'The various flows have been differen
tiated according to their physical characteristies and
from bottom to top. have received the names of ‘Tigre’
“OUpper Tigre’, ‘Quartz-Rhyolite’, ‘Quartz-Miea Rbhyo
lite’, and ‘ Glassy Rhyolite’. The last constitutes the las
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of the voleanic series and is found only on the mountain-
tons.

Near the close of the voleanic era, the distriet was
raised to approximately its present clevation. the sedi-
mentary strato and lower voleanie flows heing tilted to
the south at an angle of 15°. The tilting, and possibly
the uplift, were completed hefore the end of the voleanic
period. for the wpper flows are all thickest toward the
sonth. thus equalizing the effeet of the dip in the lower
strafa. At the close of the voleanie ora. 1he region was
probally fairly flat, with the surface at the heigit of the
present mountain-peaks,

During the period of uplift {he region ahout El Tigre
was subjected to minor tracturing and faulting. Through
the faults and fractures welled up metal-bearing solu-
tions, which altered the roek of the Jower members of the
voleanie series and formed veins.

Puring and after the deposition of ore, the cotTY Wis
dislorated by extensive novth-sonth fauls and minor vast-

GEOLOGICAL SECTION OF

west faults Andesite rose through the faults. forming
dikes and stocks, and overfiowing in places to form minor
Hows,

The general blocking out of the mountain THIITUS Wag
effeeted by the north-south Taults. Erosjon followed and
carved the mountains to their present shape,

DEscRIPTIVE GroLogy. The oldest sedimentary ok
exposed in the district is limestone. From similarity in
character and position to the Carboniferons limestone of
Arizona. it has been classified as belonging te that period
It is fairly pure, of gravish blue color. and OCITS in
thick heds with a general dip of 30° west.  Onterops of
HBmestone are fonnd in the heds of Pita and Bota canvons,
at Tilares de Teras and at the Jime-kilns a mile west of
El'Tigre.  Although the limestone dooes not enterap with.
in the Tigre guadrangle. its oreurrence on three shiles
lends to the supposition that i underlios at Teast a parg
of the quadrangle

Ouieropping al the same general harizon ax thy lime.
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stone Is an infrusion of granite consisting mainly of
ntiereline. sanidine, quartz, and phogophite mica. the last
now largely changed to serpentine and iron oxide, It is
probably late Ialeczoie. The granite is exposed in the
canyens near the Tigre mill and also in Palomitas and
Pita canyons, It probably underlies the greater part of
the Tigre gquadrangle.

The Nodular formation is the lowest member of the
voleanie series. ¥t was originally a glassy lava contain-
ing aggregates of spherules, The groundmass is now
much kaolinized. The spherules are remarkably well de-
veloped, cccasionally reaching a diameter of 15 inches,
In places they are crowded so close together as to give the
rock the appearance of a conglomerate. They are usu-
ally separated from the kaolinized groundwmass hy films
of limonite or gypsum. Unaltered specimens contain
5% silica. The rock is classed as rhyvolite,

Overlying the Nodular formation is a hed of rhyolite-
tuff and ealearcons shale: Joealllv this is termed the Flat

formation. It is 500 ft. thick at El Tigre. but diminishes
in thickness in ail directions from the mining eamp. The
tuff is well stratified. indicating that it was deposited
under water. The binding material is secondary caleite
and quartz. the latter predominating. In many places
the deposition of secondary silica has heen so intense as
to obscure the tufaceous character of the original rock.
only slight tabular parting remaining along the original
hedding-planes.  Silicification is especially noticeable in
the hottom of the formation and along old fissures and
veins. Unchanged specimens of the tuff contain T1%
siliea, indicating that it should be classed ag rhyvolite.
The CIiff formation consists of a massive flow of fine-
grained rhyolite, 250 ft. thick. It shows small pheno-
erysts of sanidine and quartz in a felsitie groundmass.
The most important mine-workings are now in this for-
mation. Near the vein-syvstems the formation i criss-
erossed by minute quartz veinlets. The silicified rock is
the hardest in the vegion and is being used with success
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in the tube-mills. The Cliff formation contains 80%
siliea and is classed as rhyolite.

Overlying the Cliff formation are beds of rhyolite-tuff,
aggregating 60 ft. in thickness. It is always greatly
altered, is the seftest rock in the region, and is character-
ized by containing large cubes of secondary pyrite. Seme
of the best orebodiees have oceurred in this formation.
The tuff contains 719 silica, indicating that it should be
classed as rhyolite,

The Tigre formation is a flow of rhyolite, 400 ft. thick,
in which oeccurred the prinecipal orebodies of the upper
part of the mine. It is 2 medium-hard porphyritie rock
with abundant crystals of sanidine and quartz in a felsitic
groundmass. Pyrite, in small eubes, is abundant, espe-
cially near the veins. The Tigre formation eontains
729, silica and is classed as rhyolite.

Overlying the Tigre formation are the Upper Tigre
formation, quartzrhyolite, guartz-miea rhyolite, and
glassy rhyolite. All are porphyritie, containing crystals
of sanidine, gquartz, and mica in a glassy groundmass.
The silica content ranges from 68% in the Upper Tigre
formation to 819 in the quartz-rhyolite. No ore of com-
mereial importance has been found in any of these flows.

Cutting through all the rocks of the region are a num-
ber of andesite stocks and dikes. One dike was intruded
along the Sooy vein after ore deposition was complete.
The North Tigre deposit oceurs in a sill of this andesite.
The wide distribution of andesite dikes along the whole
Teras range and the ocenrrence of large bodies of andesite
in the deeper eanyons indicate that the andesite consti-
tutes the core of the range, It seems possible likewise
that the intrusion cansed the faulting and general block-
ing out of the range, and may bave been responsible for
the ore deposition. The rock consists of minate laths of
labradorite, interspersed with grains of augite. It con-
tains 529 silica and is classed as angite-andesite.

Faults are numerous and in places produce disloca-
tions of several hundred feet. .All those observed are
normal, that is, when the fault-plane is inclined, the up-
per side (or hanging wall) bas slipped downward. All
the major faults traverse the country In a general north-
west-southeast direction, paraliel to the axis of the range.
Minor displacements eross the distriet in varions direc-
tions. i

The veins themselves are minor faults and represent
the first fracturing in the region. While ore deposition
was in progress, the south end of the main vein was inter-
seeted by a series of faults parallel to the vein, but dip-
ping at a steeper angle westward. The total throw aggre-
gates 200 ft. The best ore has been found near these
faults. During the same period the nerth half of the
vein was disloeated by three east-west faults, each with 2
throw of 50 ft. south. The prineipal deposits in the north
half of the mine have occurred near these faults. In
general the ore oceurs in fractures and faults dipping
west and is assoeiated with fractures and fanlts dipping
west and south. Faults dipping east or north were later
than ore deposition and have no relation to it.

By far the greatest disloeations of the region have oe-
enrred during comparatively recent time. Two great
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fault-systems traverse the couniry in a northwest-south-
east direction. The larger cuts diagonally across e
south-west ecorner of the quadrangle, extending for miles
along the foot of the high mountains. The entire western
flank of the range has slid downward along this fault,
the displacement ranging from 1500 to 3600 ft. This
fault has been re-opened twice since 1880, both these re-
openings being accompanied by severe earthquakes. The
second largest- fault traverses the cenire of the quad-
rangle, passing between the mine and the mill. The east
side has been dropped 500 ft. The two great faults have
depressed boih the central ridge and the western flank of
the monntain range, leaving an intermediate zone strafi-
graphically higher than the formations on either side.
The resnlting inequality of the surface has been pared off
by erosion till the zone is lower than the depressed areas.
This explains why the oldest roeks of the region are found
in the eroded area surrounding the mill, whereas the dis-
triets both east and west are composed of more recent
lava-flows.

Three late faulis cut the main vein. They all dip
north. The throw is also to the north and ranges from
150 £t. for the two porthernmest to 400 ft. for the most
southerly. All three have dislocated the vein and have
caused some confusion in the development of the mine.
A1l are normal, and the recognition of this fact has aided
materially in the solution of the fault problems.

A simple rule for locating the continuation of faulted
veins has been found to apply to normal faults: ““If the
fanlt dips from you as you face the end of the drift, cross-
cut into the foot-wall of the vein ; otherwise cross-cut into
the hanging wall.”” The two words ‘‘from’’ and ‘*fool-
wall?”’, beginning with “f’, aid in remembering the rule.
The rule is not applicable to reverse faults and may not
be applicable where there has been a side movement along
the fault, or where the vein is nearly vertical and strikes
nearly parallel to the fault; but it probably applies to
809 or more of the fault problems encountered in min-
ing. It is suggested as a convenient rule of thumb for
the practical miner. ‘

Tcoworc GroLocy. The Tigre mine is essentially a
silver-gold property. Silver constitutes 85% of the valne
and gold 11%. Copper and lead are of secondary im-
portance, each contributing about 2% of the total value.

Sinee the beginning of operations in 1803, the total ore
extracted from the mine has amounted to T00.000 tons,
assaying gold 0.25 oz.; silver, 39 oz.; copper, 0.25% : lead.
1%: and zine, 1.5%. The various ghipments fo the
smelters have aggregated 15,000 tons of shipping orve,
34,000 tons of concentrate, and 290 tons of bullion. The
shipping ore and concentrate have averaged 2.7 oz. zold
and 390 oz. silver per ton. The bullion has averaged 700
fine in silver and gold.

There are fonr important veins on the property of the
Tigre Mining Company. Named from west to east. they
are: the Soov vein. the Tigre or main vein, the Palomitas-
Protectora, and the Seitz-Kelley vein,

All the veins have been deposited along fissures. The
filling is composed of kaolinized or party silicified eoun-
try-rock, nsually with deposition of quartz along the
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fissure-planes and in the interstices between the fragz-
meids of country-rock. The ore consists of mixed sul-
phides of zine, iron, lead, copper, and silver, with their
decomposition produets. (Fold is associated with the cop-
per. The ore oceurs in discontinuous lenses of high-grade
sulphides, and as low-grade impregnations in the vein-
matter. The wall-rock is rhyolite and rhyolite-tuff; it is
silivifled at points where the veins are highly silicious,
amt kaolinized where silica is scant or lacking in the
veins,

All the veins strike nearly north-south, The Tigre or
main vein strikes N. 10° W. The Scoy, Palomitas-Pro-
tectora, and the Seitz-Kelley veins are parallel to each
other. striking N. 5° B. The dip of all the veins is to
the west, averaging 60°,

The Tigre, Sooy, and Scitz-Kelley veins are the only
ones in the distriet that have been worked at a consider-
able profit. The Tigre has been the most productive,
having yielded 90% of the ore so far produced. It ex-
tends from a point 300 ft, east of eamp to the south slope
of Gold Hill, a distance of a mile and a half.

The croppings are insignificant. Sulphide ore appears
at oue spot only, namely, in the south fork of Espuelus
canyon, near the eatrance to No. 2 level, Here the out-
crop is 200 ft long and six inches wide. A half-mile
south. near the Brown shaft, a rieh pocket of gold ore
was found at sarfaee. Again on Gold Hill, sonth of
Tigre canyon, low-grade ore outerops for a distaee of 100
ft.  Aside from these three insignificant showings, the
croppings are seant and practieally barren.

The development on the Tigre vein econsists of ten
levels, driven at 100-ft, intervals. Six only of these are
ndits. ’

The ore-channel so far developed on the Tigre vein is a
mile long by approximately 700 ft. along the dip. It
extends from Esme_*las eanyon ou the north to the centre
of Gold Hill on the south. The upper limit of the ore-
hody coincides with Level A, The hottom limit rounghly
follows the contact lLietween the Cliffi and Flat forma-
tions. dipping south in eonformity with the voleanic heds.
Thus at the north end of the mine. the ore terminates on
Level . while at the south end good ore continues helow
Level 8. Within the limits outlined two-thirds of the
vein s been ore,

The average width of the vein is three feet. In places
1t marrows to a mere eleft, elsewhere it widens to 10 or
20 feet

The Sooy vein outcrops strongly in the Espueclas
canyon. just south of ecamp, the sulphide ore coming to
surface. It was at this outerop that the first discovery
waz made. The vein is worked in conjunction with the
Tigre. The orebady has the shape of an inverted equi-
Interal triangle, 500 £f. on a side. The apex of the tri-
angle rests on Level 8. the base on Level 33, The ore
oceurs hetween the walls of the Tuff, Cliff, and Flat for-
mations. The vein is muceh shattered, showing evidence
of movement subsequent to ore deposition.  The shattered
vondition hag permitted surfaee-waters to cvome in con-
taet with the sulphides. devomposing them. Much of the
ore in the npper levels consists of oxides and earbonates,
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Irregular dikes of andesite have intruded into tlh
Sooy vein sinee its deposition.

The Seitz and Kelley deposits are on the same veir
system. The Kelley deposit joins the Main vein just
north of Tigre canyon. The junction of the two is poor
The Kelley deposit is dise shaped, 500 ft. in diamcter
and three feet in average width. The deposits on the
Seitz vein are 1000 ft. north of the Kellev deposit. They
consist of small lenses. separated by extensive areas of
barren vein.-matter. The largest lens lies in the north
end of the mine at the horizon of No. 2 level. It is
elliptieal, 600 by 100 ft., the longer axis heing horizontal.
The vein seldom exceeds six inches in width.

The Palomitas-Protectora vein extends from Combina-
tion hill to within a mile of the Bota canyon, From iis
position, dip. and strike it can be considered as the north
extension of the Sooy vein. The deposit exposed in the
Palomitas mine is roughly 150 by 50 hy 34 ft.. and con-
sists of oxidized ore assaying 0.11 oz gold and 50 oz.
silver per ton. The Protectora {North Tigre) deposit,
as developed to date, is 1000 ft. long by 350 ft. deep by
2 ft. in average width. The ore consists of sulphides of
zine, lead, iron, and copper in a gangue of quartz and
tecomposed country-rock. The silver is associnted with
gray copper and chaleopyrite. Galena and sphalerite
are the predominating sulphides. They assay much
lower than at Tigre.

RevaTion or Ore DerosiTs T0 STRATIFICATION. Ore
has heen found at El Tigre only in the Pigre, Tuff, Chiff,
and Flat formations. The deposit at North Tigre oceurs
in the Flat formation and in andesite. The character of
the wall-rock has affected the shape of the ore deposits,
In the Tigre formation, the veins arve of fairly uniform
width, varying from one to five feet. and increasing to
greater width only near the intorsections with cross-veins.
The deposits are continuous for long distances. Branch
veins, with the exception of the Kellex vein, are short
in extent,

In the Tuff formation the vein is extremely variable in
width. TIn most places it consists only of a tale seam
with no ore. At cross-fractures or braneh veins the width
Is sometimes 20 ft. TIn all eases the deposits are irregular
and difficult 1o follow.

In the Cliff formation the hrittle eharacter of the rock
has been especially favorable for fracturing. The ore
characteristically oeeurs in two or more veins. Tsnally
hoth the veins and the walls are hard and firm.

Ore has heen found in the Flat formation onlyv in the
Sooy vein. Here the deposit was lentienlar, 200 ft. in
diameter and 20 ft. in maximwn thickness. The are con-
sisted of sulphides of copper, zine. and lead. in & quartz
gangue. The silver was associated with the copper min-
erals {as is the case at North Tigre) and not with the
zine and lead. as in other Tigre deposits. It is possible
that the lower Sooy orehody was deposited at the same
time as the North Tigre ore.

There appears to be little relation hetween wall-rock
and the character of the ore. This is especially trie as
regards the silver and lead minerals. Therve is perhans
a slightly increased proportion of chaleopyrite and zold



Getoher 23, 1020 MINING AND SCIENTIFIC PRESS

OB SIDIAN, D GLASS, MOET RTCENT riow s
THE ENSTRICT,

AUGITE ANDESITE, CUTTING ALL OF

ANDE SITE
THE UNDERLYING FORMATIO NS,

HOMOGER QLS MASS, DHOWING ABUNOANT

QUARTE MICA RHYOLITE LY-T N T
PHENOCAYSTS OF QUARTE AnD BIOTITE.

DEVEFRIFIED MHYOLITE, mMICROLMY ST A
QUARTLE AKYOLITE 150" aod GROUND MASS, PROMINENT PHE Forar
. NOCA
oF QuamTe D! OCAYSTS

, . SODIC RHYOLITE, CHARACTERITE
VPPER TIGHE FORMATION. 2,00 Jaa, TABPUL AR WEA"!‘ HE AING AND P-DTBSJEHGY
TO FORmM CLIFFS,

P kS B 0 A

!rn’llll{llIln’n’lli1l '
TIGRE romrmaTion 350 -~ 700’ DEVITRIFIE D FHYOLITE, CHARACTERIZED

il gyt Ll BY ABUNDANCE OF ALKALINE FELDSPARS.
i e e
AT
A A AT AR A

AP
NS ERNENTETENN
Ftsrdotadndod ok d Bl A
Ad o £ g g I Il L
’f!].r,lllf’!llllf
e TUFF 6’ ~ to o' RHYOLITE Turf.
"T“T——_'-— ST
T et FINE GRAINED RHYOLITE
% . ~ ' CHARACTE Fux £ D
LI 4 CLIFF FoRAmMATION 2360 BY TENDENGY TO FORM BOLD cLIFF S,
o kn

. FHYOLITE TUFF wiTh QLCASIONAL REDS oF
L]

FLAT FORMATION 2eo - oo LIMESTONE AND ARGILLACEOUS SEmMMENTS

DISTINCTLY STRATIFIED,.

o,
T
SILICIFIED FLAT FORMATION, 2”?;‘-",'5 ::‘rENsE SIICIFICATION AND TABULAR
' . A RTIN PARALLEL T& rORMER BEDDING
2eo'wJos PLANES,
NOBULAR FORMATION, Soo'-7oo! FORME RLY GLASSY RHYOLITE, CHARACTEMZED

BY AGGHEGATES or SPHERULES.

C N
GRANITE AND LIMESTOnE OARSE GHRAINED MICA GRAMITE,
CUT BT ANDESITE DYRES. COMPARATIVELY PURE LIMESTOME
OCCURMBIMG 1IN THIGK BroDs,

COLUMNAR SECTION OF LOCAL GEOLOGY



AVERE VAL FAE 4 Rd TEF ASNcASLs Y A AL BV A EuLans

(ST

in the Clif and Flat formations. Zine-blende also is
more noticeable in the bottom of the mine, but this may
be due to its susceptibility 1o the agencies of secondary
enrichment.

Genesis oF OrRe Derosits, There are two possible ex-
planutions of the genesis of {he ore deposits.

The first is that the ore deposition was associated with
deep-seated granitic intrusiops from which the rhyolite
flows were derived. Such intrusions have been clearly
recognized in the Chitahueca mountain 25 miles to the
east. It is possible also that the granite of Pita canyon
was of this age, for it is much fresher than the Pre-
Tertiary granite at the Tigre mill. The possibility of an
extensive intrusion of Tertiary granite beneath El Tigre
is indicated by the tilting of the lower voleanics before
the extrusion of rhyolite was complete. The tilting of the
voleanies counld have caused the minor fracturing and
faulting associated with the vein formation. The vein-
filling could have been dissolved from the cooling intru-
sion and contigunous rocks. The granitic intrusion un-
questionably contained silver, for the rhyolites, derived
from it, average 0.1 oz. silver per ton.

The second theory is that the ore deposition was asso-
ciated with the great post-voleanic intrusion of andesite
which underlies the region. The presence of extensive
dikes and stocks of andesite near all the large ore deposits
is n strong argmment in favor of this theory. The oc-
currence of the North Tigre deposit in andesite proves
that ore deposition followed at least the first manifesta-
tion of the andesitic intrusion. On the other hand,
andesite dikes which traverse the Sooy vein prove that ore
deposition preceded at least the last manifestation of the
andesitic intrusion. Coneceivably the dikes entting the
Sooy vein were derived from the molten core of the main

_ intrusion, after the eooling exterior had caused the for-
mation of the orebodies. The Sooy and North Tigre ores
are sufficiently similar to each other and to the ores of
the other veins to indicate the same source for all the ores
of the region. It can therefore be argued consistently
that the ores of the Tigre district were deposited while
the andesite intrusion was solidifying and eooling. Thus
the andesitic intrugion fills the modern regquirement of a
cooling igneous intrusion (preferably basie) as the souree
of the ore-bearing solutions,

The andesite assays 0.06 oz. silver per ton, and the
riryolite, lving between the andesite and the ore deposits,
assays 0.10 oz, per ton. The ground-water at Tigre is
noticeably charged with alkaline sulphides.

It is wot unreasonable to suppose that the veins were
formed by hot alkaline-sulphide solutions, which derived
their heat and part of their mineral content from the cool-
ing intrusion. Part of the minerals may have been de-
rived from the rhyolite and other rocks overlying the
andesite intrusion.

In connection with the above theory it is interesting to
note that the voleanie rock beneath the ore deposits have
been greatly altered for a distance of 100 yards er more
on each side of the veins. The alterations in the Nodular
formation teke the form of knolinization and loss of silica

.in the groundmass. The Flat formation is intensely silici-
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fied. In the Cliff, Tuff, and Tigre formaticns there is ex.
tensive deposition of secondary pyrite. The altered rocks
assey less in silver than nnaltered specimens of the same
rock. A possible explanation is that the ascending min-
eral-bearing solutions were partly confined beneath the
shale in the bottom of the Flat formation, and spread
laterally through the Nodular formation, following the
lines of weakness between nodules and groundmass. The
groundmass has been much leached, analysis showing a
marked reduction in siliea, iron, and silver, After the
solution had finally forced diffusion through the shale of
the Flat formation, the pressure was reduced sofiiciently
to permit the deposition of silica, which is so marked in
this formation. On diffusing still higher into the CUff,
Tuff, and Tipre formations, the solutions dissolved more
metals. Iron, being the predominating metal in the rocks,
saturated the solutions and was precipitated as pyrite in
the rock itself. The other metallic sulphides, together
with the remaining iron and silica, entered the veins in a
manner analogons to lateral secretion, being precipitated
on encountering the reduced pressure and temperature
of the open fissures,

The above theory is suggested because it appears to
explain the relation existing between the veins and the
pyritization and silicification of the wall-reck, This re.
lation has beem so repeatedly verified by development
work that it has ecome to be an axiom that the ore is 1o be
sought at the horizon where pyrite ocenrs in the wall-
rock, and just above the horizon of intense silicification.

SecoNpARY ExmicEmenT. Secondary enrichment has
only slightly affected the orebodies. Most of the ore is
primary. This is especially frue in the north end of the
mine, where the sulphide graing are completely encased
in gquartzose vein-matter, Here sulphide ore outerops
and shows little evidence of leaching or enrichment.

Farther south the vein is less silicious, and hence more
pervious to water. The upper part of the deposit has
been leached to a depth of 200 ft. or more. In the leached
zone silver ore usually occurs as chloride; only oceasion-
ally as sulphide, where the denser portions of the vein
lent some protection to the sulphide grains. In the early
days of the distriet a rich gold deposit was found just
south of the Brown shaft. The deposit eonsisted of native
gold in an iron-clay gangue. Little silver was present.
Ox the strength of this discovery the company was called
the Lucky Tiger Combination Gold Mining Company.
Development in depth has showh the silver to be ten times
as valuable as the gold. Only the name of the company
remains to show that the discoverers thought they had
found a gold mine, Undoubtedly, the original silver
minerals of the Brown shaft deposit had been removed by
the leaching action of surface.waters.

Beneath the leached zone is an ill-defined zone of sec-
ondary enrichment. Veinlets of stromeyerite traverse the
wall-rock and the original silicious-sulphide ore. Tn one
case # seam of native silver, a quarter inch in thickmess.
was observed traversing low-grade galena.

Mineravnosy., The Tigre ore consists of metallie sul-
phides (or their decomposition produets) in a gangue of
quartz and decomposed or silieified rhyolite. Named in
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order of their preponderance the sulphide minerals ave:
sphalerite, galens, pyrite, chaleopyrite, stromeyerite, and
freibergite. The sunlphides are invariably mueh inter-
grown., Crystals, apparently pure, show traces of other
metals on analysis. The rich ore of the Tigre mipe is
freibergite or stromeyerite containing lead and iron as
impurities., The finely erystallized sphalerite and galena
are usnally intergrown with minute particles of stromey-
erite. Xence such ore is generaily high in silver. When
coarsely erystalline, sphalerite and galena are much
lower in silver. Sphalerite generally assays higher than
galena. Pyrite is practically barren of silver.

In the oxidized portions of the veins, the important
minerals are native gold, native silver, and cerargyrite
{(hornsilver), A unigue ocemrrence of gold was found in
the upper part of Gold hill; it consisted of a druse of fine
gold deposited upon a crystal of hornsilver,

Gold is usually associated with chalecopyrite. There is
no fixed ratio between gold and silver. One of the sam-
ples richest in gold (900 oz. per fon) contained only 100
oz. of silver. Likewise the high-grade stromeyerite ore is
practieally barren of gold. Only by averaging the pro-
duction over long periods can any definite relation be
found between the gold and silver. For each ounce of
gold produceed since the inception of operations, the mine
has yielded 162 ounces of silver.

Coxcrusion, The knowledge gained by geologie study
has proved of much value in the development of the
mine. The study of the stratigraphy of the Java-flows has
helped in the solution of fault problems and has served to
indicate the horizops at which ore may be encountered.
The knowledge of the characteristics of the veins in the
various voleanics has made possible more intelligent gys-
teras of development and mining. The relation between
ore deposits and faunlis dipping south and west has been
another aid in the discovery of ore. Likewise the relation
hetween ore deposits and pyrite in the wall-rock has
helped in the seareh for new orebodies—especially by
diamond-drilling. Finally, the fact that the zone of ore
deposition lies immediately above the zone of intense
silicification, has aided in following the irend of the ore-
bodies and in avoiding unprofitable development work.

In conclusion T wish to acknowledge the participation
of C. M. Heron in the preparation of this article. He did
rauch of the field-work and prepared the original maps
and sections. The petrographic work was done hy Pro-
fessors George D). Lionderback snd G. H. Cox. I desire
especially to thank I.. R. Budrow, general manager for
The Lueky Tiger Combination Gold Mining Company for
authorization of the work and for copstant suggestions
and criticisms thronghont its progress.
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