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OUTLINE OF THE REPORT

The Bonanza mining district, Saguache County, Colo., lies
just within the northeastern edge of the San Juan volcanic
reglon and northwest of the San Luis Valley, of southern
Colorado. In the past the district has been one of the
smaller producers of lead and silver in Colorado, but in re-
cent years (1925-1929) it has attained somewhat higher rank
among the districts of the State by its increased production
of lead, copper, and silver.

The area described in this report is about 30 square miles
in extent. The topography is rugged, like that of other parts
of the San Juan region, but within tbe mineralized area the
dissection of the land is somewhat more intricate than in
surrounding regions, owing to the effect of complex block
faulting on erosion. The range in altitude is from about
8,600 to a little over 12,000 feet above sea level.

GEOLOGY

General features.—The rocks of the district are principally
lavas of Tertiary age, probably Oligocene, which rest upon
a basement composed of pre-Cambrian metamorphic rocks and
Paleozoic sedimentary rocks. The metamorphic rocks are
exposed only in three comparatively small areas within the
district; the sedimentary rocks are exposed several miles
southeast of the mineralized part of the district as a reentrant

in the Tertiary lavas along the lower part of the Kerber

Creek Valley. .

The pre-Cambrian rocks comprise hornblende-mica gneisses
and mica schists intruded by coarse porphyritic granite,
aplitic granite, and pegmatite dikes.

About 5,000 feet of Paleozoic strata lie unconformably upon
the pre-Cambrian complex. The lower part of the Paleozoic

sedimentary section includes limestone and interbedded quartz--

ite and shale of Ordovician, Devonian, and Mississippian
age; the upper part consists of a much thicker secfion of con-
glomerate, sandstone, shale, and limestone of Pennsylvanian
and Permian age. The Ordovician strata bave been correlated
upon paleontologic and lithologic evidence with the Manitou
limestone, the Harding sandstone, and the Fremont limestone
of Canon City, Colo. The Devonian and Mississippian lime-
stones have been correlated by their stratigraphic position and
lithology with the fossiliferous limestones of these ages in
Salida, Monarch, Leadville, and other districts of central Colo-
rado.
Creek. The Pennsylvanian and Permian strata are correlated
by their paleontologic and lithologic character with the
“ Weber ” and Maroon formations of other Colorado districts.

The Tertiary effusive rocks of the Bonanza district rest un-
conformably upon all the older rocks, from pre-Cambrian to
Pennsylvanian, and comprise lavas of andesitic, latitic, and
rhyolitic composition, with associated breccias and tuffs. Be-
fore faulting and erosion in later Tertiary time, there had
accumulated a thickness of about 4,000 feet of nearly hori-
zontal lava flows and some local volcanic masses. At pres-
ent only faulted and tilted remnants of these accumulations
are preserved, so that the accurate measurement of sections
is difficult. The succession of lavas within the district is
shown in the following table:

They contain but few fossils in the vicinity of Kerber "

Section of the Teriiary volcanic formations
Southern part of district

Brewer Creek latite.
(500 to 800 feet?)

Northern part of district

Brewer Creek latite.
(More than 500,feet.)
Porphyryl Peak rhyolite.
(Less than 1,000 feet.)
Squirrel Gulch latite.
(300 to 500 feet.)
Upper member.
(0 to 400 feet.)
Lower member.
(300 to 500 feet.)
Rawley andesite. Rawley andesite.
(1,000 to 1,800 feet.) (At least 1,000 feet.)

Basement of folded and faulted Paleozoic and pre-Cambrian
rocks.

Squirrel Gulch latite.
(About 300 feet.)

Hayden Peak latite.
(1,000 to 1,500 feet.)

Bonanza
latite

The Tertiary intrusive rocks of the Bonanza district must
represent offshoots from g large body of intrusive rock that has
not been exposed by erosion. It appears that the movements
of this hypothetical deep-seated body or bodies also caused
the tilting and intense deformation of the shallow parts of the
crust in this district. Many small bodies of molten rock were
intruded into the volcanic formations close to the original sur-
face, and these are now exposed by erosion.. These intrusive
rocks range in composition from monzonite to granite porphyry
and include many minor intrusions of quartz latite and rhyolite.
The largest of these shallow intrusive bodies is the Eagle Gulch
quartz latite porphyry, which forms a band trending north-
eastward across the middle of the district.

A large number of small intrusions and dikes of rhyolite
and quartz latite and 'a few of monzonite occupy parts of
fault fissures and were therefore intruded after or during
the faulting of the lavas. In the southern part of the dis-
trict the late intrusions are represented mainly by a complex
about a mile in diameter, presumably representing an old
volcanic neck. Within this complex there are irregular in-
trusions and dikes, as well as bodies of breccia and remnants
of the original country rock. The rocks that crop out in this-
area were decomposed during an epoch of fumarolic and
hydrothermal activity that accompanied the period of vol-
canism. Bordering the central part of this neck are numerous
ramifying dikes that -cut the andesitic country rock.

Geologic structure and history.—The geologic structure and
history of the district naturally fall into two distinct parts,
particularly from economic considerations. The main divisions
of the structural history are concerned first with those fea-
tures found in the pre-Tertiary rocks, and second with those
features found in the Tertiary volcanic rocks. Data are too
fragmentary in the immediate vicinity of the district to per-
mit much discussion of the pre-Cambrian structure and his-
tory. The structure in the Tertiary rocks has the greater
immediate importance, as most of the ore deposits developed
are entirely within Tertiary formations.

Subsequent to the deposition of the Paleozoic sedimentary
formations the Bonanza region underwent strong folding
and thrust faulting. The systems of folds and faults are
older than the volcanic formations and presumably were
produced in late Cretaceous or Eocene time. The folds in
the Paleozoic sedimmentary rocks trend north-northwest,
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roughly parallel to the north end of the Sangre de Cristo
Range, which lies to the east. Along Kerber Creek about
5,000 feet of the Paleozoic formations have been overridden
obliquely  to the trend of their folds by thrust blocks of pre-
Cambrian granite. The thrust blocks moved in a north-north-
easterly direction relative to the younger underlying sedi-
mentary rocks. Because of the apparent difference in the
direction of application of the forces causing the earlier
folding and later thrust faulting it is inferred that they
represent two epochs of deformation, although perhaps dif-
ferent parts of a single major.cycle.

After the folding and thrust faulting there occurred a pe-
riod of extensive erosion during Eocene time. Great thick-
nesses of sedimentary formations must have been destroyed,
and there resulted a hilly surface on which were exposed the
remnants of the Paleozoic formations and the underlying pre-
Cambrian basement, Because of the great extent of this
erosion only synclinal bodies of the Paleozoic sedimentary

rocks were preserved. The average topographic relief -de- |

veloped on this erosion surface is estimated to have been at
least 500 feet in the region of the Bonanza district.

The Tertiﬁry volcanism, which probably began in Oligo-

cene time, resulted in the formation of a high volcanic plateau.
The structure in the Tertiary voleanic rocks as it now exists

can be explained most simply by a moderate local doming of |
the plateau formations during a deep-seated migration of

molten magma, followed by a collapse of the dome about the
intrusive mass when its close approach to the surface weak-
ened the crust sufficiently to permit the extrusion of lavas.
Presumably the extrusion of lavas resulted in such a loss of
volume and supporting force of the intrusive body that the
crust failed and subsided locally under its own weight, The
older lavas were broken into many small fault blocks, which
were thrown downward in successive steps toward a central
area of the collapse. The central part of the subsided area
appears to be within the eastern part of the region mapped,
which probably does not include more than a third of the
total area affected by this subsidence. The fault blocks are
now steeply tilted away from the central axis of the dome on
at least its western, northern, and southern flanks. The uni-
form and unusual character of the tilting is attributed in part
to an initial tilt produced during doming but greatly increased
locally by compressional stresses that became active during
the subsidence. A theoretical explanation is advanced con-
tending that partial rotation of the fault blocks occurred as
‘a result of shear faults; these shear faults were in part
curved, or combinations of them gave the effect of curved
faults, and they were produced as a varying resultant of the
gravitative and compressional forces acting on the subsiding
crust.

Faulting and fissuring.—The fault systems in different parts
of the district have local characteristics, but in only a few
places are the underground workings sufficiently large to
permit a discriminating study of them.

In actual practice it was found dlﬁicult to distinguish
readily between fissures produced by notable faulting and
those produced by comparatively minor faulting and frac-
turing, However, gystematic observations on large numbers
of mineralized fissures lead to the conclusion that most
of the veins occupy fault fissures, the displacements of
which range from 10 or 20 feet to 500 or 600 feet. The fis-
sures range in dip between 15° and 90°. The average dip
of about 300 fissures, systematically recorded from larger
underground workings in the northern part of the district,
was near 60°, and about 70 per cent of these had dips rang-
ing between 45° and 85°. Most of the faults are normal.
In some parts of the district there are high angle reverse
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faults, which apparently are the result of the shearing of
large fault blocks subjected to compression during the sub-
sidence. In accordance with characteristics of the fissures
that are of interest in mining operations, they have been
divided into those of low-angle and high-angle dips. The
fissures or fissured zones with low-angle dips (less than 45°)
comprise about 20 to 25 per cent of the group cited above.
The walls of the low-angle faults show that they have been
subjected to great pressure and friction during faulting.
Most of these faults contain a heavy premineral gouge, and
their broken walls are likely to present a troublesome prob-
lem in mining., Ore bodies lying in such fault fissures are
lenticular and not as extensive as those in steeper fissures.
In the fissures of high-angle dip (45° to 90°) the premineral
gouge is commonly not as thick, and the difficulties of con-
trolling broken ground are obviously much less than  along
the faults of low-angle dip. Fissure veins of the higher
angle of dip have been successfully mined in the district by
the shrinkage-stoping method.

The angle of dip of certain faults decreases in depth but
the shallowness of most of the mine workings does not permit
sufficient observations to generalize regarding this change. A
decrease in dip of 15° within a vertical range of 300 feet is
shown by one low-angle fault, but such sharp changes are
probably uncommon. The existence of apparent normal faults
with dips of only 20° to 30° suggests that these represent
parts of curved faults or fault planes that were origindlly
steeper but have been tilted since their formation.

Stresses generated in the walls of some faults during the
period of faulting have caused the formation of hanging-wall
fractures and parallel fractures. Certain of the hanging- "
wall fractures are commercially mineralized, but the average
grade of ore found in the district does not permit mining or
exploring for small fissures of this type.

ORE DEPOSITS

General features.—The division of the district into different
belts or zones of metal deposition has been recognized by
earlier workers and by the local miners. Only two main
divisions, however—into northern and southern parts—appear
to be justified on the basis of consistent difference in the
character of the veins and their metal content.

The veins of the northern part are base-metal veins, char-
acteristic of a low to intermediate temperature of forma-
tion. They are typically high in silica and moderately high in
sulphide content. Some of them show a primary zoning of
the metal content, changing from lead-silver or lead-zinc veins
near their outcrops to copper-silver or pyritic veins in depth.
The mineral zones are in places telescoped within a vertical
range of 500 to 1,000 feet, so that complex ores are common.
The principal sulphide minerals are pyrite, sphalerite, galena,
silver-bearing tennantite, and chalcopyrite, with some en-
argite, bornite, stromeyerite, and chalcocite. The gangue
minerals are mainly quartz, barite, manganiferous calcite,
and rhodonite. Locally tellurides of silver and gold represent
a very late stage of mineralization.

In the southern part of the district the veins are of types
generally assumed to have formed at comparatively low tem-
peratures. Their sulphide content is very low, in many veins
not exceeding 2 or 3 per cent. Quartz, rhodochrosite, and
fluorite are common gangue minerals, and adularia is found
in some veins. The sparse sulphides are commonly pyrite,
chalcopyrite, sphalerite, galena, pyrargyrite, proustite, and
tennantite. The principal economic value of these veins is
in the silver content of the primary sulphide shoots or of
the enriched sulphide zones, and to some extent in the man-
ganese oxide content of the completely oxidized veins.
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Alteration of wall rock.—In essentially all parts of the dis-
trict two main stages in the sequence of mineralization can
be recognized. The first stage followed closely the develop-
ment of the faults and fissures. It consisted generally of
barren silicification, which converted the lavas near the fissure
channels into tough Jaspery rocks, made up very largely of
fine-grained quartz and to a less extent of chalcedony. Some
of the jaspers, particularly those that have replaced andesitic
lavas, are red; others are gray or white. Products of the
chemical decomposition of the rocks that were deposited to-
gether with the early silica comprise hematite, diaspore,
alunite, barite, zunyite, rutile, and kaolin minerals. In
places the silicified lavas contain much pyrite, but rarely other
sulphides. This early stage of rock alteration produced very
tough and hard rocks that have caused difficulties in the driv-
ing of mine tunnels, certain tunnels having penetrated fissured
bodies of rock several hundred feet across that had been
completely altered in this manner.

The jaspers are commonly brecciated near strong veins, and
the second stage of mineralization, consisting of the vein filling
of gangue and metal sulphides, followed the brecciation.
In this second stage the principal alteration of the fissure
walls was entirely different from that of the first stage and
consisted mainly of a micaceous alteration of the rocks, The
minerals that were formed in the wall rock are sericite, chlo-
rite, carbonates (mainly calcite), quartz, and pyrite. The
intensely altered rock is soft and mechanically weak.

The importance of distinguishing the two types of hydro-
thermal alteration of the walls is pointed out, as the jasper
stage produced no ore and preceded the concentration of
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metal sulphides in fissures. The silicified rock, however,
indicates the presence of a near-by fissure or channel that
existed before the formation of ore deposits, and where the
jasper has been repeatedly brecciated and cemented by min-
erals of the second stage there is good evidence that the
channel was an active fault fissure.

Because of the nearly complete removal of the elements
composing the lavas, with the exception of silica, during the
stage of silicification, and by analogy with the chemical ac-
tivity of modern acid springs and fumaroles, it is concluded
that this early stage of wall-rock alteration was accomplished
either by fumarolic activity or by acid hot-spring waters.
The later stages of wall-rock alteration and vein filling are
presumed to have occurred after a decrease in the acidic
emanations and to have been the products of alkaline or
neutral solutions.

Influence of country rock on ore deposition.—It is concluded
that the different country rocks have had no differential in-
fluence on the chemical processes affecting ore deposition.
The principal effect of the different country rocks appears to
be the mechanical influence which these rocks have had on
the nature of openings along faults. The character of these
openings and the amount of premineral gouge which they
contain have indirectly affected the processes of ore deposition.
As the andesitic lavas fracture the most cleanly and have no
flow planes or partings to influence the direction of fracture
they were mechanically the most favorable rocks. Intense
early silicification of the wall rocks has also favored the
later formation of openings that were suitable for ore depo-
sition.



GEOLOGY AND ORE DEPOSITS OF THE BONANZA MINING DISTRICT, COLORADO

By W. S. BureanNk

GENERAL FEATURES
GEOGRAPHY

SITUATION OF THE DISTRICT

The Bonanza district covers about 30 to 35 square
miles in the extreme northeastern part of the San
Juan Mountains of southwestern Colorado. (See
fig. 1.) Its name is derived from the town of Bo-
nanza, on Kerber Creek, which is the only settlement
in the district. The nearest railroad station reached
by road is Villa Grove, about 16 miles southeast of
the .district, on the Alamosa branch of the Denver
& Rio Grande Western Railroad. An aerial tram-
way connects the Rawley mine, near the center of
the district, with Shirley, on the Gunnison branch
of the Denver & Rio Grande Western, about 7 miles
due north. Both of these branches are narrow-gage
lines and connect with the main line of the Denver &
Rio Grande Western at.Salida, which is about 18
miles in a direct line north-northeast of Bonanza.
The distance by road between Bonanza and Salida is
about 44 miles by way of Villa Grove and Poncha
Pass, at the head of the San Luis Valley.

As it is officially known the term * Bonanza dis-
trict ” refers to the area west of and including the
high mountain ridge shown on Plate' 1. About 4

square miles east of this ridge and included in the.

northeastern part of the area mapped is tributary to
Alder Creek and is officially known as the Alder Creek
district. This separation of districts will be disre-
garded for the most part in this report.

TOPOGRAPHIC FEATURES

The district lies for the most part on the west slope
~of the narrow northward-trending range that borders
the west edge of the San Luis Valley north of Villa
Grove and separates this great valley from the drain-
age basin of Kerber Creek. This range is not named
on the topographic map of the State, but a high peak
at its south end is a well-known landmark locally
called Hayden Peak. This peak, which has an alti-
tude of 12,124 feet, was one of the triangulation sta-
tions employed by F. V. Hayden at the time of his
survey of southwestern Colorado in 1874 and 1875.

Souh of Hayden Peak the range east of Bonanza is
cut through by Kerber Creek, which turns from its
southeastward course parallel to the western slope of
the range and flows northeastward into the San Luis
Valley near Villa Grove. (See pl. 8.) The basin of
Kerber Creek is bounded on the west by another north-
ward-trending range, the highest and most prominent
summit of which is Antoro Mountain, with an alti-
tude probably exceeding 13,000 feet. ~'This range sep-
arates the Kerber Creek drainage area from that of
Saguache Creek. At their north ends the Antoro
Range and the range extending north from Hayden
Peak merge south of Mount Quray and Marshall
Pass. The Continental Divide extends nearly due
west from this point, changing from its southeasterly
trend in the Sawatch Range, which terminates at Mar-
shall Pass. The two ranges bordering the basin . of
Kerber Creek, although in line with the southeast-
ward trend of the Sawatch Range, are not structurally
a part of it but constitute two independent spurs ex-
tending southward from the Continental Divide near
Marshall Pass. The crests of the two ranges form
essentially a horseshoe closed at the north end, within
which lies the drainage basin of Kerber Creek. The
map of the Bonanza district (pl. 1) includes only the
eastern part of the Kerber Creek drainage area and
extends to the crest of the eastern range. (See pl.
4, A.) The crest of the western range lies about 114
to 2 miles west of the area mapped.

The hills and mountains that lie south of Kerber
Creek along the western edge of the San Luis Valley
and extend to the Saguache River (pl. 4, B) are lo-
cally known as the Saguache Hills. This name is not
applicable to the range east of the Bonanza district,
which will be referred to simply as the “eastern
range.” !

The highest summit of the eastern range is a little
over 314 miles north of Hayden Peak and reaches
an altitude of 12,137 feet. Between this high point
and Hayden Peak there is a fairly continuous ridge
with four or five summits rising 100 to 400 feet above

10n the maps of the geographic surveys west of the one hundredth
meridian (Wheeler's expedition), published i{n 1874, the mountains
bounding the drainage basin of Kerber Creek were called * Kerber
Creek Mountains,” buf: this name does not seem to have come into
general usage. .

1
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the average level. (See pl. 4, 4.) The lowest saddle
in the ridge is at the north base of Elkhorn Peak and

has an altitude of 11,400 feet. At the north end of

the district the divide between the drainage basins
of Kerber and Alder Creeks runs northwestward for
several miles, to the northern edge of the area mapped.
The two most prominent summits of this ridge are
Manitou Mountain, with an altitude of a little over
12,120 feet, and Round Mountain, 12,041 feet. Two
prominent peaks known locally as North and South
Porphyry Peaks lie at the extreme northwestern edge
of the district and reach an altitude of about 11,700
feet. The northern peak lies outside of the area
mapped. (See pl. 7, B.)

Draining southwestward into Kerber Creek from
the main ridge of the eastern mountains are 9 or 10
nearly parallel gulches which range from a mile to
about 214 miles in length. These are separated by
a series of sharp spur ridges, which form the main
topographic features of the east-central part of the
district. The principal gulches from north to south
are Bear Gulch, which rises at the base of Round
Mountain, Rawley Gulch, Copper Gulch, Elkhorn
Gulch, Eagle Gulch, Greenback Gulch, and Express
Gulch.

West of Kerber Creek the topographic features are
less regular. One of the most prominent is the north-
ward-trending ridge west of the town of Bonanza,
which is nearly a mile in width and about 214 miles
in length. It separates the eastern branch of Kerber
Creek from the western branch, which is known as
Brewer Creek. The highest summit of this ridge has
an altitude of 10,363 feet.

The development of the topography of the district
has apparently been strongly influenced by the geo-
logic structure and complex faulting in the volcanic
formations. Many of the westward slopes are essen-
tially dip slopes on the steeply tilted volcanic flows.
The Bonanza latite, one of the most massive and prom-
inent flows in the district, is steeply tilted and repeated
many times by faulting, and consequently its out-
crops form the most conspicuous minor topographic
features in the north-central part of the district.
(See pl. 4, C.) The nature of the surface upon which
the present streams began their erosion can not be de-
termined, but it is probable that erosion was initiated
at the time of the intense deformation of the rocks
that immediately preceded the period of mineraliza-
tion. Prior to this deformation a broad domelike ele-
vation probably occupied the site of the Kerber Creek
drainage area, and it was broken by this faulting into
a rugged and extremely uneven land surface, probably
abounding with fault scarps. Subsequent stream ero-
sion was evidently controlled largely by the result-
ing structural features.

A thick mantle of soil covers many of the slopes
and with the usual heavy growth of vegetation makes
the tracing of geologic formation boundaries some-
what difficult. Even moderately continuous outcrops
of the bedrock are uncommon except on the spur
ridges and summits. ‘The covering of soil and débris
on the slopes is probably in large part the result of
the intense fracturing and alteration to which the
lavas of the district have been subjected, as most of
the slopes are not steep enough to cause surface slump-
ing of massive volcanic rocks. Only a few small
landslide scars are to be seen, although there are very
large talus accumulations on some of the slopes bor-
dering the high ridges about Hayden and Elkhorn
Peaks, and smaller talus-covered slopes at the heads
of Copper and Rawley Gulches.

" The topographic effects of mountain glaciation
are not pronounced in the Bonanza district. A few
small cirquelike features are found on the east and
northeast slopes of the range facing the San Luis

‘Valley and indicate the presence of small bodies of

ice during the Pleistocene glacial epoch, but only very
small marginal deposits are associated with them.
The east slope of the western or Antoro Range, how-
ever, which is visible from many parts of the district,
shows evidence of a moderately heavy glaciation in
which several large cirques were formed. Morainal
deposits extend eastward into the western part of the
area shown on the Bonanza topographic map, a dis-
tance of 1 or 2 miles from the range.

CLIMATE AND VEGETATION

Many of the slopes in the northern part of the
Bonanza district are heavily wooded with spruce, fir,
and pine, and the growths on the north slopes are
particularly heavy. (See pls. 4, 6, and 7.) Quaking
aspen is also a common tree on the lower slopes and
along the stream courses. The higher peaks and
summits are above timber, but parts of the high
ridges are smooth and grassy and afford some grazing
for cattle.

In the southern part of the district the vegetation
is more sparse, particularly on the south slopes,
although pines are common on many of the higher
north slopes. Toward the foothills along the San
Luis Valley some species of juniper and pifion become
more coOmMmon. ,

The ground water in the southern part of the dis-
trict is relatively deep, and the ore-bearing veins show
a much more pronounced and deeper oxidation than
in the northern part. Many of the gulches in the
southern part are dry or contain flowing water only
during wet seasons of the year. In the extreme
southern part of the district, as in Manganese Gulch,
water can not be obtained, even by deep trenching
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in the gulches, and shallow mine workings are very
dry. The larger tributary creeks in the northern part,
such as Brewer Creek, Squirrel Gulch, Rawley Gulch,
and Elkhorn Gulch, maintain a flow of water through-
out the year. ’
Precipitation in the district is moderately heavy,
and particularly during the summer there are likely
to be many rainy or showery days. The winters are
not severe, and communication by road is now main-
tained to Bonanza and the Rawley mine throughout
the year. There is a moderately heavy annual snow-
fall, which may first cover the hills late in November,
though some snow may fall in September and October.
The early snows do not remain, however, except on
the north sides of high, heavily timbered slopes. On

~ the high slopes in protected positions some snowdrifts

remain well into the summer. On some of the higher
and steeper slopes there are evidences of light snow-
slides, but at no place is the winter weather severe
enough to prevent the operation of mines. The Shaw-

mut mine, at an altitude of 11,800 feet in an unpro- -

tected position on the open south slope of Round
Mountain, is said to have been operated throughout
the winter during the early history of the district.

PREVIOUS GEOLOGIC AND TOPOGRAPHIC WORK IN THE
DISTRICT

The earliest geologic and topographic work in the
part of Colorado in which the Bonanza district lies
was that done by the United States Geological and
Geographical Survey of the Territories under F. V.
Hayden. That portion of the report of this organi-
zation referring to the region about Bonanza was pre-
pared by F. M. Endlich and published in 1875. (See
bibliography, p. 5.) The observations in this report
" are of a very general character. The only other sys-
tematic geologic investigation was undertaken dur-
ing a period of nine weeks in 1912 and 1914 by the
State Geological Survey of Colorado and reported in
a bulletin by H. B. Patton published in 1916. Pat-
ton describes most of the geologic formations included
in the present report, but his map does not cover as
large an area. He established the general succession
and relation of the principal rocks, although in the
present report his conclusions are considerably modi-
fied as to certain features. ,

In 1916, after the publication of Patton’s report, a
small portion of the district adjacent to the town of
Bonanza and the larger operating mines was mapped
topographically by J. E. Blackburn on a scale of
1,000 feet to the inch. This work was undertaken by
the United States Geological Survey in cooperation
with the mining companies and the State of Colorado.
In 1926, through cooperation between the United

States Geological Survey, the State of Colorado, and
the Colorado Metal Mining Fund, C. A. Ecklund com-
pleted the topographic map of the district used as a
base map for this report. This survey covered an
area of about 30 square miles.

. The surveyed mining claims as shown on Plate 1
were compiled from files of the supervisor of surveys,
General Land Office, Dénver, to July, 1928, and
fitted to the topographic base by the writer. As this
fitting required some adjustments the map is not
accurate in every detail, although the data were
assembled with care.

FIELD WORK AND ACKNOWLEDGMENTS

In 1926 and 1927 the writer made a detailed exam-
ination of the geology and mineral deposits in the
district, spending in all about 10 months in the field.
During this period a reconnaissance plane-table sur-
vey was also made of about 15 square miles along
Kerber Creek south of the area mapped by Ecklund,
for the purpose of determining the structure and
thickness of the Paleozoic sedimentary formations
that underlie the lavas in parts of the district. A
few days during July and November, 1928, and Jan-
uary -and June, 1930, were spent in examining some
of the new developments in mining.

The writer is indebted to Mr. R. L. Boss for as-
sistance during the field season of 1927, and to Mr.
M. G. Barclay for assistance in the office in prepara-
tion of some of the illustrations. He wishes especi-
ally to acknowledge the cooperation  of Mr. M. N.
Short, of the United State Geological Survey, in the
determinations of ore minerals and in preparation
of photomicrographs of ores. Acknowledgments are
due to the mining operators of the district for their.
friendly cooperation, especially to the officials of the
Rawley Mines (Inc.) and the St. Louis Smelting &
Refining Co. for the use of maps and conveniences of
their engineering offices. The thanks of ‘the writer
are expressed to many persons in the district for
favors and for maps and other information, which will
be acknowledged in the proper places in the text.
Mr. C. W. Henderson, engineer in charge of the min-
eral statistics division at the Denver office of the
Bureau of Mines, has been of much help in the pre-
paration of this report, especially with regard to
matters of production and history and in the coopera-
tion with the mining operators. Messrs. G. F. Lough-
lin and B. S. Butler, of the United States Geological
Survey, under whose general and direct supervision
the investigation of this district was made, spent some
time in the field with the writer, and their guidance
both in the field work and.in the preparation of the
text of this report is gratefully acknowledged.
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GENERAL GEOLOGY

PRE-TERTIARY ROCKS

PRE-CAMBRIAN COMPLEX

DISTRIBUTION AND GENERAL CHARACTER

Pre-Cambrian rocks.crop out within two areas in
the Bonanza district, one large area in the northeast-
ern part of the district along the upper part of Alder
Creek (see pl. 1) but only partly within the area
mapped, and a second one near the head of Squirrel
Gulch, where there are several small exposures. East
of the district the pre-Cambrian rocks crop out dis-
continuously along the western edge of the San Luis
Valley, where they are covered in part by Tertiary
lavas and in part by the alluvial deposits of the valley.
This region has not been explored between the south-
ern area mapped in Plate 8 and the lower part of Alder
Creek at the extreme north. Along the lower part of
Alder Creek the Tertiary lavas extend to the edge of
the San Luis Valley, and the basement on which they
lie is not exposed. Three or four miles northeast of
Alder Creek, in the Poncha Pass region, lavas lie di-
rectly on a pre-Cambrian basement consisting of mica
schist, gneiss, granitic rocks, and pegmatite. The pre- *
Cambrian granite extends southwest from Poncha
Pass and up the valley of Silver Creek, probably for
several miles. Near Marshall Pass, 6 or 7 miles north-
west of the district, erosion has exposed pre-Cambrian
rocks directly beneath the lavas. According to avail-

"able geologic maps the Paleozoic formations are not

found here.

The structural relations of the outcrops of pre-
Cambrian rocks have been studied in only three places,
as shown on Plate 3—at the head of Squirrel Gulch
and at the head of Alder Creek, within the district
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and along Kerber Creek, southeast of the district.
The two areas within the district (pl. 1) consist of
parts of the basement previously covered but now ex-
posed by erosion of the overlying lavas. Many of the
exposed contacts and in greater part the outlines of
these two areas are determined by complex block
faulting. The southernmost pre-Cambrian mass
south of Kerber Creek, shown in Plate 3, is overthrust
upon the Paleozoic sedimentary rocks. The area
north of it represents an eroded anticline which is
flanked by the Paleozoic strata on the northeast and
southwest but is overlain directly by Tertiary lavas on
the northwest.

The pre-Cambrian of Alder Creek (pl. 1) con-
sists largely of medium-grained aplitic granite which
is intrusive into gneisses and ‘schists. A volcanic
breccia containing fragments of pre-Cambrian rocks
lies unconformably on the aplite and gneiss.and is in
turn overlain by the andesitic and latitic lavas that
form the basal part of the Tertiary volcanic series.
At many places, however, the contacts between the pre-
Cambrian rocks and the lavas are faults.

The small pre-Cambrian exposures in Squirrel
Gulch consist largely of a dark hornblende-mica
gneiss with some mica schist and are cut by pegmatite
veins. Locally the gneiss in this area is made up in
large part of hornblende and mica and might be called
a hornblende-mica schist, but this phase grades into
banded, more feldspathic varieties typical of the
gneiss at Alder Creek. In Squirrel Gulch all the
contacts between the pre-Cambrian gneiss and the
lavas are faults. '

The pre-Cambrian of the area along Kerber Creek
southeast of the district is chiefly a pinkish, very
coarse grained porphyritic granite with feldspar
crystals half an inch or more in length. There are
small bodies of mica schist and gneiss, and the whole
complex is cut by pegmatite veins and aplite dikes.
On the south side of Kerber Creek where gneiss oc-
curs beneath overthrust bodies of Paleozoic rocks, the
banding of the gneiss is essentially horizontal,
although where seen at other places it stands at a

. high angle.

At several places in the area mapped on Plate 1
large boulders or fragments of pre-Cambrian rocks
similar in character to those exposed in Squirrel
Gulch and Alder Creek lie on the eroded surface of
‘the Tertiary lavas. As the position of these frag-

ments can not be explained by the action of glaciers, -

it follows that they have been torn from the base-
ment along fault planes or carried up by molten rock
during the eruption of the lavas and have been sepa-
rated by erosion from the material in which they
were embedded. A large number of fragments were
found along the south side of Copper Gulch near the

crest of the ridge east of the Cliff tunnel (No. 12,
pl. 1). As these fragments occur near the contact be-
tween the Rawley andesite and Bonanza latite, it is
probable that they lie in a breccia at the base of the
latite or were carried to the surface by this flow.
Along an altered fault zone between Greenback and
Express Gulches just east of the road to Villa Grove
there is a narrow discontinuous outcrop of pre-Cam-
brian hornblende gneiss, presumably forced up along
the fault by an intrusion or some force connected with
the faulting and volcanic eruptions. Similarly small
fragments of the Paleozoic Maroon formation were
found along a fault plane near the mouth of Chloride

Gulch.
GNEISSES

General and petrographic features—Hornblende-
mica gneiss is a common type of rock on Alder Creek
and also forms a large proportion of the pre-Cam-
brian rock at the head of Squirrel Gulch. It exhibits
a wide range in texture and in the proportions of its
light and dark minerals. There are gradations be-
tween the cleavable or schistose types and the evenly
and irregularly banded rocks of typical gneissoid tex-
ture, and in composition the range extends from rocks
composed largely of hornblende and mica to. those .

-in which the feldspathic constituents predominate

The greater part of the feldspathic hornblende-mica
rocks found in the pre-Cambrian of this region, how-
ever, should be termed gneisses rather than schists.

The more cleavable type of gneiss, a dark almost
black rock, consists predominantly, as shown by mi-
croscopic study, of blue-green hornblende and biotite,
with subordinate amounts of plagioclase (andesine)
and a little quartz and orthoclase. Typical accessory -
minerals present in these rocks are titanite, apatite,
and magnetite.

One of the striking types is a finely banded gneiss
composed of even alternations of light and dark
bands, measuring as little as 1 millimeter in width.
The dark bands are seen under the microscope to be
composed largely of blue-green hornblende, green
biotite, and accessory titanite and magnetite. The
light bands are largely plagioclase (oligoclase), with
less abundant quartz and orthoclase. The ortho-
clase usually contains microscopic intergrowths of
plagioclase.

The broadly banded and coarser-grained gneisses
of Alder Creek may show a predominance of either
the light or the dark constituents in parallel bands.
The feldspars of the average type of parallel-banded
gneiss are largely andesine with minor orthoclase.
Pale bluish-green hornblende with subordinate biotite
and accessory titanite and magnetite makes up the
dark bands. In some lighter-colored gneisses quartz
and orthoclase are more common than the plagioclase.
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B. VIEW SOUTH ACROSS KERBER CREEK FROM THE BONANZA-VILLA GROVE ROAD
TOWARD THE SAGUACHE HILLS

The hills consist of westward-dipping thrust blocks of Paleozoic limestones and pre-Cambrian granite,

and the lower, flatter areas are largely underlain by the Maroon formation. (See pl. 3 and text,

OF THE SAN LUIS VALLEY
The conical peak at the left is Hayden Peak, and the high, flat summit at
the extreme right of the view is Manitou Mountain.

A. THE EASTERN RANGE OF THE BONANZA DISTRICT VIEWED FROM THE EDGE
p. 40.)

Looking northwestward.

D. ROUND MOUNTAIN FROM THE SOUTHWEST
Typical of barren smooth tops of range

The Shawmut mine in distance on south side of mountain.
and heavily timbered sides of gulches in northern part of district.

CAMP, SQUIRREL GULCH

C. A WESTWARD-TILTED FAULT BLOCK OF BONANZA LATITE, ABOVE THE RAWLEY
Characteristic of the outcrop of the lava flow and its talus slopes.

Looking southwest.
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The pre-Cambrian exposures are not sufficiently con-
tinuous and the hornblende-mica gneisses were not
studied in enough detail to throw any light on their
origin.

Cross 2 has described a series of hornblendic gneisses
near Salida which he was inclined to believe had re-
sulted from the metamorphism of a series of pre-
Cambrian lava flows.

Relations to mineralization—The gneisses of Alder
Creek occupy only the northeastern third of the area
of pre-Cambrian shown on Plate 1 and form the walls
of a few veins of relatively low metal content. The
gneiss extends somewhat east of the mapped area,
where explomtlon of mineralized zones has been car-
ried on in a few places, but this region was examined
only casually by the writer. It is probable, however,
that the more massive types of gneiss would fracture
in a manner to permit the existence of open fissures
favorable to ore deposition, but the more schistose
types would be likely to develop relatively tight shear
zones parallel to the foliation.

The apparent lack of any economically important
veins within the gneiss, however, may be due not to
any inherent properties of the rock but perhaps
rather to the depth at which these rocks lay buried
beneath the lavas at the period of mineralization or
to a decrease in the strength of the mineralization
toward the northeast.

Alteration of the gneiss along a few weakly min-
eralized fissures that were examined consisted in the
formation of carbonates, chlorite, and sericite, accom-
panied by noticeable bleaching. Pyrite and -chal-
copyrite replace the gneiss to some extent in the imme-
diate vicinity of some fissures. Intense silicification
typical of the early stage of alteration in many of the
lavas was not observed in the gneisses. At fault con-
tacts between gneiss and Tertiary lavas, as at the

head of Squirrel Gulch, the relations of such silicified

rock as is seen suggest that the lavas are more sus-
ceptible to alteration of this type.

SCHIST

Relatively massive or distinctly schistose rocks com-
posed largely of hornblende and mica are closely asso-
ciated with the pre-Cambrian feldspathic gneisses.
Some of these rocks are dark green or greenish black
and are composed essentially of green hornblende
and green biotite.

At the head of Squlrrel Gulch there are smal]
exposures of quartz-mica schist, composed essentially
of muscovite and biotite with some quartz and feld-
spar. The relation of this rock to the gneiss is not
known. Quartz-mica schist is also present in the pre-

3 Cross, Whitman, On a series of peculiar schists near Salida, Colo.:
Colorado Sci. Soc. Proc., vol. 4, pp. 286-293, 1895.

Cambrian south of the Bonanza district along Kerber
Creek.

About half a mile north of Poncha Pass on the road
to Salida there are conspicuous outcrops of quartz-
mica schists whose character leaves little doubt as
to their sedimentary origin. It is not unlikely that
the somewhat more micaceous schists in the pre-
Cambrian basement near the Bonanza district are of
similar origin. The schists within the district are of
minor proportion, however, and were not seen in the
walls of mineralized fissures.

APLITIC GRANITE

General features—Bodies of aplitic granite are in-.
trusive into the hornblende-mica gneisses and schists.
Granite of this type forms a large part of the bed-
rock of the western two-thirds of the pre-Cambrian
area on Alder Creek but is not differentiated on
Plate 1. The granite on Alder Creek is typically
pinkish gray and shows under the hand lens crystals
of pink orthoclase 2 to 3 millimeters in diameter and
grains of grayish plagioclase and quartz 0.5 to 1 milli-
meter in diameter. In places, however, it is of
coarser texture than this. Orthoclase is the most

" abundant mineral and contains microscopic inter-

growths of albite. Plagioclase (albite) and quartz in
about equal quantities, with a little accessory magnet-
ite, make up the remainder of the rock.

This granite shows none of the effects of intense
recrystallization and metamorphism such .as resulted
in the production of the gneisses and schists. It is
of pre-Tertiary age, as boulders of it are found in the
breccias at the base of the lavas near Alder Creek,
and, by comparison with small bodies of aplitic granite
seen in the pre-Cambrian south of the Bonanza dis-
trict, it is assumed that this granite belongs to the
pre- Cambrlan rocks, though possibly of early Cam-
brian age.

Relation to mmeralzzatwn.—Only a few mineralized
fissures of minor importance were seen in the aplitic
granite. The most intense alteration observed in the
granite was at its fault contacts with the Tertiary
lavas, as on the north side of Alder Gulch (pl. 1),
and near its contact with the Tertiary granite por-
phyry in sec. 9, T. 47 N, R. 8 E., south of Alder
Creek. At postmineral fault contacts with the lavas
both silicification and sericitization have occurred.
The sericitization of the aplitic granite was partic-
ularly intense locally and resulted in thé formation
of a white structureless mass consisting very largely
of flaky sericite. The characteristic pink color of
the aplitic granite, imparted by the orthoclase, is lost
even in only partly sericitized rock, so that the granite
that reached certain stages of alteration may be easily
confused with the Tertiary granite porphyry occur-
ring south of Alder Creek.
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As the few prospects on mineralized fissures that
lie in this rock were either inaccessible or very small,
there was no opportunity to study its behavior as a
wall rock under conditions of mineralization en-
countered near ore bodies.

GRANITE

Occurrence and general character.—A coarse por-
phyritic granite is the typical intrusive rock in the
pre-Cambrian area on Kerber Creek southeast of the
Bonanza district. The granite has a pinkish-gray
color due to the abundance of large crystals of feld-
spar, presumably microcline, which commonly attain
a length of 10 to 20 millimeters. The granite has not
been studied petrographically but in general appear-
ance is identical with the coarser-grained granites
found in the pre-Cambrian of central and southern
Colorado. Granite of this character was not seen
outcropping within the pre-Cambrian areas near
Squirrel Gulch and Alder Creek. (See pl. 1.) The
relation of the much finer-grained aplitic granite of
Alder Creek to this coarse granite is not known. The
coarse granite is cut by a few dikes of aplite, how-

ever, which may be indicative of the relation between

the two.

Structural relations.—Bodies of mica schist and
gneiss; into which aplitic and pegmatitic bands have
been injected, lie' within the granite and presumably
represent remnants of the older pre-Cambrian rocks
intruded by the granite. The oldest known sedimen-
tary rock lying upon the granite is the Ordovician
limestone (p. 9), and the unconformable contact is
well exposed on the north side of Kerber Creek near
the road to Villa Grove. Near the Slane ranch, just
east of the point where the old Ute trail to Saguache

branches south from the Villa Grove road (pl. 3),.

small bodies of this granite with a peculiar brecciated
structure may be seen lying upon the upturned sedi-
mentary strata of upper Carboniferous (Permian)
age, in fault contact. (See pp. 39 and 40.) The
fault plane probably dips gently southward at about
the slope of the hill. For 10 to 20 feet above the
contact the granite is much broken into irregular
blocks from a few inches to several feet in diameter.
The spaces between the larger blocks are filled with
fine breccia and powdered rock composed entirely of
the granite itself, with the exception, however, that
near the failt contact or sole of the thrust, where the
brecciation was most intense, fragments of the under-
lying sandstones and shales are included in the matrix.

Presumably during the movement of the overriding
body of granite intense friction caused the breccia-
tion and rotation of blocks near the contact, and frag-
ments of the underlying strata were either caught be-
tween rotating blocks -and carried upward or by the

pressure on the soft shales beneath were forced up-
ward into openings at the base of the granite. Brec-
ciated structure in the granite, probably of the same
origin as that described above, is seen on the east end

_of the low hill between Kerber and Little Xerber

Creeks. (See pl. 3.) Structure of this type is not
seen at all fault contacts of the granite, however, as
the large steeper thrust fault south of Kerber Creek
shows only a few slickensided planes near the con-
tact. (See p. 40.)

PALEOZOIC SEDIMENTARY FORMATIONS
DISTRIBUTION AND GENERAL' CHARACTER

As the study of the Paleozoic rocks was merely
incidental to the main problems of geology in this in-
vestigation, which deal with the volcanic formations
within the mineralized part of the Bonanza district,
only a preliminary study and correlation of the sedi-
mentary rocks was attempted.

The nearest area to the Bonanza district in which
Paleozoic sedimentary formations are found lies
about 2 miles to the southeast, where Paleozoic and
pre-Cambrian rocks crop out along both sides of
Kerber Creek for a distance of 5 to 6 miles. At the
western and northern limits of this area the sedi-
ments are covered by the Tertiary lavas, and to the
east they are covered by the Recent alluvial deposits
of the northern part of the San Luis Valley. (See
pl. 3.) In the mountains south of Kerber Creek the
Paleozoic and pre-Cambrian rocks are known to be
present, but the full extent of the areas which they
occupy is not known. A small inlier of the Paleozoic
rocks about a mile in diameter is exposed by erosion
of the Tertiary lavas along the north side of Little
Kerber Creek above Columbia Gulch, which branches
to the north at a point about 2 miles above the junc-
tion of Kerber and Little Kerber Creeks. It is pos-
sible that other small exposures of Paleozoic rocks
may be present in several of the larger valleys that
cut back into the mountains between Kerber Creek
and Alder Creek, but nothing definite is known about .
the geology of that region.

The succession of stratified rocks exposed in the
Kerber Creek area ranges from Ordovician to
Permian in age and attains a thickness of about
5,000 feet. The Paleozoic rocks and the pre-Cambrian
basement were strongly folded and faulted and then
partly eroded away before the Tertiary volcanic activ-
ity was initiated. Consequently the sedimentary
rocks that once covered in great thickness the entire
region at the head of the San Luis Valley are now
preserved in the Kerber Creek region only in synclinal
folds beneath the valley itself or in smaller synclinal
bodies beneath the lavas west of the valley. -To what
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extent small bodies may be preserved beneath over-
thrust pre-Cambrian rocks can not be fully deter-
mined, although the discovery of large thrust faults
near Kerber Creek has shown these faults to be at
least locally effective in protecting small bodies of
sedimentary rocks from erosion.

Because of the presence of bodies of granite lying
upon and concealing the Permian and Pennsylvanian
rocks, the total thickness of the Carboniferous is not
known. The entire section that could be measured is
shown in Figure 2.

A satisfactory correlation of the entire section with
type sections in other parts of Colorado was not ob-
tained, and consequently a tentative division of the
local stratigraphy had to be adopted for the purpose of
the present report. Five principal formations have
been distinguished in the district, partly by means
of paleontologic evidence and partly by lithologic
character—the Tomichi limestone, of Ordovician age;
the Chaffee formation, of Devonian age; the Leadville
limestone, of Mississippian age; the Kerber formation,
of early Pennsylvanian age; and the Maroon forma-
tion, of Pennsylvanian (%) and Permian age.

ORDOVICIAN SEDIMENTARY ROCKS
TOMICHI LIMESTONE

General nature and thickness—The oldest recog-
nized formation lying directly on the eroded surface
of the pre-Cambrian rocks consists of limestone and
quartzite beds of known Ordovician age. These are
assigned to the Tomichi limestone, as they can be
shown to be closely. correlative with that formation
in the Monarch and Tomichi mining districts. The
lower limestone member of the Tomichi limestone
nearly everywhere lies directly on the eroded sur-
face of the pre-Cambrian rocks. The Cambrian
(Sawatch) quartzite that is found near Canon City
and in the northwestern part of the Tomichi district
below the Ordovician rocks is not present in the
Kerber Creek region, unless very small patches of
somewhat feldspathic quartzite that was seen at a few
places between the limestone and the pre-Cambrian
granite may represent remnants of the Sawatch
quartzite. Three lithologic units are recognizable in
the Tomichi limestone—a lower limestone, a middle
quartzite, and an upper limestone—with a total thick-
ness ranging from 400 to 600 feet.

Lower limestone member——The thickness of the
lower limestone measured at several widely separated
localities proved to be not at all uniform, ranging
between 90 and 200 feet. Although in some of the
thicker sections duplication of the beds by faulting
may exist, this variation is very probably due either
to inequalities of deposition on the eroded pre-Cam-
brian surface or to the erosion that produced the un-
conformity at the base of the middle quartzite member.

This variation in thickness also appears to be typical
of the lower limestone member of the Ordovician
elsewhere, being reported from the Monarch, Tomichi,
and Gold Brick districts.®

The basal part.of the lower limestone member con-
sists of thin-bedded gray crystalline dolomite, contain-
ing thin bands and lenses of gray or white chert from
1 to 6 inches in thickness. The surface of the dolomite
weathers to a brownish-gray color and granular tex-
ture, and the gray chert, which weathers in relief,
acquires a dark-brown limonitic stain. Above the
base the beds are more massive, being 2 to 4 feet thick,
and the chert is less abundant, being found only in
irregular masses or nodules a few inches in diameter.
All the beds below the middle quartzite appear to be
highly dolomitic. A few fossils were found in the
lower beds of this member. The common fossils are
silicified parts of a cephalopod, Diphragmoceras? sp.,
which occurs at a characteristic horizon with the basal
cherty beds. At a somewhat higher horizon a few
brachiopods and gastropods have been found. (See
table, p. 11.)

Quartzite member—The quartzite member of the
Tomichi limestone has certain lithologic character-
istics which, together with the fossil impressions it
carries, make it one of the most readily recognized
units in the Paleozoic section. The quartzite is uni-
form in character, and measurements made at several
places indicate that its thickness ranges from 60 to
90 feet. Typically it is a very tough gray quartzite,
composed of fine to coarse quartz grains cemented with
silica. The weathered surface may be stained brown
or reddish brown and is in places distinguished by
peculiar markings, with or without a stain of limo-
nite, which have proved to be of fossil origin. Some
of the beds have a very fine or cherty texture sugges-
ting that of silicified limestone, but all these beds that
were examined closely proved to consist of fine sand-
stone or shaly sandstone completely cemented with
secondary silica. Partings parallel to the stratifica-
tion, from a few inches to 2 feet apart, are well de-
veloped in some of the more massive beds. Some
coarse pebbly beds and shaly partings were seen near
the top of the member on the west side of the prom-
inent mountain south of Kerber Creek. The quartzite
is resistant to both mechanical and chemical disinte-
gration, so that it forms prominent outcrops and
ledges and is readily distinguished by its lithologic
character alone from the sandstones and quartzites
in the overlying formations.

Certain beds of the quartzite at some localities are
highly fossiliferous and contain impressions and pe-

8 Crawford, R. D., Geology and ore deposits of the Monarch and
Tomichi districts: Colorado Geol. Survey Bull. 4, p. 57, 1913. Craw-
ford, R. D., and Worcester, P. G., Geology and ore deposits of the Gold
Brick district : Colorado Geol. Survey Bull. 10, p. 54, 1916.
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begged limestone ﬂifh kb%ck dolomite luyers. Upper part massive
y . o with concretions of black chert.
Mississippian Upper ltmestqne , x5 Middle limestone: "Dark-gray to grayish-white fine-grained limestone.
member, 350-400 o8 Commonly thin and evenly bedded. Contains ferr and argilla-
. 59 ceous impurities and weathers yellowish or brownish. .
L L o m- . QE’ Sa.‘nﬁwlne : Fine to coarse white sandstone and quartzite,_,m places cross-
DEVONIAN (?) Middle limestone member, 90-100° = bedded. :e limes‘u;newtth var ted argill ‘ tone and shale
. Sandstone member, 10-50" Lk " S
Upper limestone: Lower ,fa" gray crystalline dolomitic limestone, be-
u W + coming less dolomilic and finer toward top. Upper beds with brownish
pper hmestone . cherts. Contains fossils of Richmond age. .
member, 300 £ 5 Quartzite: Gray bedded quartzite of fine to coarse texture, with o few
ORDOVICIAN g ] ahaz layer}*_.c Fmggg:ntsgj[’ fish remains. Correlative with Harding
M _ r sandstone o anon (y, Colo.
’ Quartzite member, 60-30 ficd £ Lower limestone: Thin-bedded gray dolomitic limestone with beds and
. ’ r = lenses of gray to white chert. Becomes more massive and less siliceous
Lower limestone, 90 - 209 toward top. Contains fossils of Lower Ord (Beek t ) age.
) Co;::sea r:é'ned pinkish gra::'ite. ,c':)mmonl‘ porphyritic, d«}lrk felt(i:spathic
LA : : e rnblende-mica gneiss and schist, a: uartz-mica schist. Gneisses
PRE-CAMBRIAN Granite, éneiss, schist, etc. : and schists intruded by dikes of coarse %ram’te, aplitic granite, and
. pegmatite.
Vertical scale
500 ., ., 0 : 1,000 FEET

FieoRp 2.—Stratigraphic column of the sedimentary rocks of the ‘Kerber'Creek region. In the text of this report the name Ouray limestone
has been replaced by Chaffee formation for the lower two members and Leadville limestone for the upper member. . The Maroon forma-
tion is classified in the text as Pennsylvanian (?) and Permian, and the Kerber formation as Pennsylvanian
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culiarly marked casts of small fragments of fish
scales, bones, and fucoid markings similar to those
which have been found in the Harding sandstone near
Canon City. Many of the casts appear to have been
originally filled with limonite or other easily soluble
material which has been leached away at the out-
crop, leaving the quartzite very porous and more or
less stained with iron.

Upper limestone member—The upper limestone
member of the Tomichi limestone rests in places upon
a somewhat uneven surface of the quartzite member.
The thickness of the limestone is about 300 feet, but
faulting in several of the sections measured prevents
an estimation of any range in thickness that may
exist. The upper limestone in its lower 50 or 60 feet
is gray to brownish gray, crystalline, and dolomitic
and contains abundant but generally poorly preserved
fossils. Among the common fossils are Receptaculites
and corals, which make the horizon easﬂy recognized.
Above this lower part the limestone is less dolomitic
and fine grained and contains scattered concretions of
brownish-black chert. The uppermost beds, which are
- dark gray, weather to a rough surface marked with
irregular pits and seams and contain rather dark chert
concretions, but these are much less abundant and

smaller than those that characterize the upper part.

of the Ouray limestone, which is somewhat similar
lithologically. In places the top beds are sandy and
grade into a thin zone, uncommonly as much as 10
to 15 feet in thickness, of gray dolomite or dolomitic

limestone, which is immediately overlain by calcareous"

sandstone or quartzite. The top of the Tomichi lime-
stone is taken at the base of this promment sandstone,
which is persistent throughout the district. The hlgh-
est horizon at which Ordovician fossils were found is
in the dark-gray limestone immediately below the
light-colored dolomitic and sandy beds. In some
places, however, a sugary quartzite lies directly on the
massive gray limestone.

Fossils collected from the Tomichi limestone near Kerber Creck

_| Upper
lime-
stone

member

Lower
lime-
stone

member

Receptaculites sp
Sponge._ oo
Streptelasma ) « S
Calapoecia 8P -« o cccccciccccccceanaea :
Lindstromia sp- - - o cccooo oo
Cystid columnals X
Crinoid columnals. ccec oo cceaccceaaan X
Orthoid brachiopod, probably referable

Lo I B i T
Diphragmoceras? sp....
Helicotoma spoeooo..-
Hormotoma ) T

hosmra ) o S (PO RPN S X
fragments. . oo eiccccaca|omaaa D G
Fuconds .................................... b G DR

‘quartzite is of Ordovician or Devonian age.

of Garfield is described by Crawford?’ as
- bedded noncherty gray limestone, dolomitic in upper

Age and correlation—The limestone members of
the Tomichi limestone in the Kerber Creek region
have yielded fossils sufficient to establish their Ordo-
vician age. According to Edwin Kirk, of the United
States Geological Survey, who identified the fossils,
the lower limestone “is of Lower Ordovician (Beek-
mantown) age and correlates with the upper portion
of the Manitou limestone and the El Paso limestone
of Texas.” The fossils collected from the upper lime-
stone “correlate with the upper portion of the Fre-
mont limestone of Canon City, Colo., and are com-
monly considered of Richmond age.” Concerning the
peculiar casts of fragmental material from the middle
quartzite member Kirk states: “ From the fish frag-
ments themselves it is not possible to tell whether this
If, how-
ever, it occurs between the upper and lower members
of the Tomichi limestone it is, of course, of Ordovician
age and correlates with the Harding sandstone.”
As the quartzite lies between the two Ordovician lime-
stones its correlation with the Harding sandstone, of
Middle Ordovician .age, seems correct. The similar
fish fragments in the Harding sandstone of Canon
City have been described by Walcott.*

The correlation with the Tomichi limestone of the
Monarch and Tomichi mining districts .is made by
the writer on the basis of lithology, the similarity
of the faunas, and the position of the fossil horizons.
In those districts Crawford ® distinguishes three mem-

.bers of the Tomichi limestone corresponding in lithol-

ogy to the three on Kerber Creek, as shown by the
correlation suggested on Plate 5. Crawford® reports
from the lower member of the Tomichi. limestone
Helicotoma sp. and undeterminable cephalopods.
Above the quartzite in the lower 50 feet of the upper
limestone member were found Receptaculites owent,
Halysites catenwlatus, and small cup corals, which
correspond in stratigraphic position with the abun-
dant corals found in the limestone above the quartz-
ite member at Kerber Creek. _

The upper member of the Tomichi limestone east
“ thick-
part, * * * about 100 feet, * * * followed
by a few feet of argillaceous limestone and calcareous
shale. For the purposes.of mapping the shale

stratum has been taken as the upper.limit of the

Ordovician sediments.” Regarding the lower part. of
the overlying Chaffee formation at Monarch Hill, he

¢ Walcott, C. D., Preliminary notes on the discovery of a_vertebrate
fauna in Silurian (Ordovician) strata: Geol. Soc. America Bull,

~ vol. 8, pp. 153-172, 1892,

¢ Crawford, R. D., Geology and ore deposits of the Monarch and
Tomichi districts, Colorado Colorado Geol. Survey Bull. 4, pp. 56-61,
1913,
. ¢Idem, pp. 60, 61,

71dem, pp. 56, b57.
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says:® “The basal part of the formation, for about
80 feet, is more or less argillaceous or arenaceous.”

It seems probable that the change at Monarch and
Tomichi from massive gray limestone of known Or-
dovician age to unfossiliferous shales and impure
limestones is represented at Kerber Creek by a cor-
responding change at the top of the Upper Ordo-
vician limestone, to sandstone and to the overlying
argillaceous and dolomitic limestones which are de-
scribed in more detail in the following paragraphs.
Consequently, the base of the prominent sandstone
at Kerber Creek is tentatively correlated with the
top of the Tomichi limestone east of Garfield as de-
scribed by Crawford. As he-describes no sandstones
in the Devonian-Mississippian section at Monarch
Hill above the Ordovician, that region probably lay
farther from the shore than the Kerber Creek region
at the time of deposition of these beds. The ten-
tative correlation of the Tomichi limestone with
other sections in southwestern Colorado is shown in
Plate 5.

DEVONIAN SEDIMENTARY ROCKS
CHAFFEE FORMATION

Position and thickness—Lying above the Tomichi

limestone and in apparent conformity with it are |

two lithologic units in the sedimentary series of the
Kerber Creek region, which in this report are grouped
under the Chaffee formation as defined by Kirk.? The
Chaffee formation consists of a basal sandstone mem-
ber 10 to 50 feet thick and an upper limestone member
about 90 to 100 feet thick. No definite paleontologic
- evidence of the age of these two units was obtained,
but as they are lithologically similar to the Chaffee
formation as defined by Kirk, the age of which is
- determined by fossil ev1dence, and lie in the same
stratigraphic posxtlon, they are as51gned to the
Devonian.

Sandstone member—The sandstone member con-
sists of a series of pure or argillaceous and calcare-
ous sandstones and quartzites. Their best develop-
ment is found on the south slopes of the prominent
mountain lying south of Kerber Creek. (See pl. 3.)
This series differs considerably from place to place
within the area mapped on Kerber Creek, ranging
from 10 feet of calcareous or dolomitic sandstone and
sandy dolomite to about 50 feet of pure sandstone
or quartzite and variegated argillaceous beds and
impure limestone. The argillaceous beds in places
are mottled with brick-red, purple, or yellowish colors.
In their texture the purer quartz sandstones range
from fine to coarse sandstone grits. The sandy beds

8 Crawford, R. D., op. cit.,, p. 62.
? Kirk, Edwin, The Devonian of Colorado: Am. Jour. Sci.,, 5th ser.,
vol. 22, pp. 222-240, 1931.

are for the most part rather loosely cemented, differ-
ing in this respect from the quartzite member of the
Tomichi  limestone. However, some true quartzite
beds occur at the base of this series near Little Kerber
Creek. Part of these basal quartzite beds have a
dark blue-green color suggesting the presence of
glauconite. Where thinnest the sandstone member of
the Chaffee grades toward the base and top into limy
sandstone and sandy limestone or dolomite, so that
it is difficult to define the boundaries of the member
sharply. The gradational beds consist in part of
cross-bedded sands that appear to have had an orig-
inal calcareous cement, which has subsequently be-
come partly or entirely dolomitized. The finer-
grained argillaceous sandstones are more evenly and
thinner bedded than the coarser sandstones, which
are typically cross-bedded.

As here defined the sandstone member of the Chaffee
formation is characterized by the predominance of
sandstone and quartzite, and its upper boundary is
placed at the top of the transition to the impure or
dolomitic limestone.

Limestone member—The limestone member of the
Chaffee formation is separated both from the under-
lying sandstone and from the overlying Leadville lime-

stone by a conformable series of gradational beds,

but the transition at the base is gradual, whereas that
at the top is more abrupt. The basal beds in some
localities consist of pinkish limestone and dolomitic
limestone of a granular or sandy texture. The thick-
ness of the member ranges from 90 to 100 feet. The
entire thickness is rarely well exposed, but in its typi-

-cal development the member consists of dark-gray to

grayish-white even-textured limestone, ranging from
sublithographic to fine granular in texture and con-
taining siliceous and argillaceous impurities. Qolitic
texture is of local development. Much of the member
is evenly thin bedded, but it becomes thick bedded
locally. It characteristically weathers at the outcrop
to yellowish-white or yellowish-brown fragments and
small chips that have a soft, smooth surface resembling
that of buckskin. Freshly broken surfaces, however,
are dark brownish or blue-gray. This characteristic
of the weathering is perhaps due to an accumulation
of the argillaceous impurities and of iron oxide on the
weathered surface. Where there are open weathered
slopes underlain by this limestone their yellowish
color serves to distinguish this horizon even at a dis-
tance. ‘
MISSISSIPPIAN SEDIMENTARY ROCKS

LEADVILLE LIMESTONE

T hickness and stratigraphy—The name Leadville it
here applied, as restricted by Kirk, to alternations
of massive, unevenly bedded, and thin-bedded finc
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blue-gray limestone ranging from 350 to 400 feet
in thickness. The basal 10 or 15 feet comnsists of shale
or shaly limestone in beds from a quarter of an inch
to 2 or 3 inches in thickness. Above these beds the
limestone abruptly becomes very massive and unevenly
bedded, with warped or curved bedding planes from
1 to 3 feet apart, soft in texture, of a blue-gray color,
and usually free from chert. These massive beds of
pure limestone continue upward for 20 to 30 feet and
then pass into thinner-bedded limestone. About 80
to 100 feet above the base in practically all the sections
examined is a coarsely crystalline black dolomite con-
taining black chert. Above the black dolomite the
limestone again becomes massive and unevenly bedded
but carries abundant concretions and lenses of black
chert, the concretions reaching 7 or 8 inches in diam-
eter. These chert concretions are typical of the
upper part of the Leadville limestone and distinguish
it from the lower part, which is comparatively free
from chert. The uppermost beds of the limestone are
rarely well exposed but consist of medium or thin
bedded soft blue limestone containing black chert, with
perhaps some concealed shaly layers. The change to
the basal sandstone grit of the overlying Kerber
formation is abrupt. '

With the exception of one fish tooth no fossils were
found in this member, although they were searched for
carefully at a number of localities.

Age.—The beds assigned to the Leadville limestone
in the Kerber Creek region are regarded as of Missis-
sippian age. This assignment, however, is based solely
upon their lithologic correlation and their strati-
graphic position compared with other Devonian and
Mississippian sections in Colorado.

PENNSYLVANIAN SEDIMENTARY . ROCKS
KERBER FORMATION

T hickness and stratigraphy.—The beds here named

Kerber formation, from exposures along Kerber.

Creek, consist of a series of coarse-grained sandstones
or grits and carbonaceous shales, which overlie the
Leadville limestone and extend upward to the base of
the lowest red micaceous- sediments or sandy shales.
So defined, the Kerber formation is about 200 feet
thick and includes nearly all the beds below a certain
fossiliferous zone which corresponds in age to the
basal part of the Maroon formation as defined by
Eldridge.’® (Seep.14.) The formation possesses cer-
" tain characteristics which make it easily recognized as
a lithologic unit.

The Ierber formation at several localities within
the limited area in which it was studied comprises a

10 Eldridge, G. H., U. S. Geol. Survey Geol. Atlas, Anthracite-Crested
" Butte folio (No. 9), 1894.

basal sandstone and overlying alternations of nearly
pure quartz sandstone and black carbonaceous shale.
A typical section is shown on page 14. The sand-
stones are coarse grained to pebbly, and the quartz
that forms their principal or sole constituent, occurs
in angular to subangular grains as much as 6 or 8
millimeters (one-fourth inch) in diameter. The
sandstones are predominantly white to gray but not
uncommonly are reddish or yellowish as a result of
iron stain. They are generally cross-bedded but on a
much larger scale than the sandstones at the base of
the Chaffee formation. A characteristic feature at all
localities where the formation could be studied was
the essential absence of white mica (muscovite), a
mineral which is very abundant in all the sandstones
and sandy shales of the overlying Maroon formation.

The shales of the Kerber formation contain con-
siderable carbonaceous matter and impure coal show-
ing plant impressions, but no beds are sufficiently
free from incombustible material to be used for coal,
and attempts to mine them at several places have
been unsuccessful. ' :

The beds immediately overlying the upper sand-
stone of the Kerber formation are typically reddish-
brown micaceous shaly sandstones or sandy shales,
and have been arbitrarily included in the overlying
basal member of the Maroon formation.

Age—~No fossils were found in the Kerber forma-
tion other than the plant remains in the carbonaceous
shales, which have not been studied, so that for the
present the geologic age of these beds can only be in-
ferred from the age of the beds above and below
them. The underlying Leadville limestone is con-
sidered to be of early Mississippian age,* and al-
though there is no angular unconformity at the base
of the Kerber formation, the abrupt change in lithol-
ogy and the absence of transitional beds indicate a
stratigraphic break at this horizon. As will appear
from the evidence of the age of the overlying Maroon
formation, the Kerber formation corresponds in
stratigraphic position and possibly in age to the so-
called Weber limestone of the Anthracite-Crested
Butte district and hence is probably of Pennsylvanian
age. It is not intended, however, to correlate the
Kerber with the so-called Weber(%) formation,
“Weber grits,” or “ Weber shales ” of other districts
in Colorado, as there appears to have been little uni-
formity in the application of this name.

PENNSYLVANIAN (%) AND PERMIAN SEDIMENTARY ROOCKS

MAROON FORMATION

T hickness and stratigraphy.—The sedimentary beds
included in the Maroon formation in the Xerber

1 Girty, G. H., The Carboniferous formations and faunas of Colo-
rado: U. 8. Geol. Survey Prof. Paper 16, pp. 217-231, 1903.
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Creek area include the strata from the base of the
lowest red or maroon micaceous sandstone or shale
to the highest exposed bed found within the -area
mapped on Plate 1. The only section measured in-

cluded a stratigraphic thickness of about 3,400 feet,

but the presence of overthrust bodies of pre-Cambrian
rocks and other formations and of minor faults ad-
jacent to major thrust planes prevents an accurate
estimate of the maximum exposed thickness of this
formation, which may greatly exceed 3,400 feet.

To assist in defining the base of the Maroon for-

mation as mapped, the general character of the sec--

tion immediately overlying the - top of the Kerber
formation is shown in the followmg section:

Stratigraphic sectwn of M(woon and Kerber formatwns

Maroon formation : Feet
Covered. '
Gray shale,

Soft gray fossiliferous limestones in beds and lenses
interbedded with gray shale__._____ S, 10-15
Black or gray shale, red near base______—________ 30
Greenish shaly micaceous sandstone_______________ 10-15
Red sandy micaceous shale V _— 20

Kerber formation:
Coarse cross-bedded sandstone, consisting almost
wholly of subangular quartz grains, with essen-
tially no white mica__ 35

Black carbonaceous shale 20-30

Coarse to medium sandstone, cross-bedded in places, -
consisting mostly of quartz — 30-50

Black carbonaceous shale 10-20

Coarse to medium sandstone, in places prominently
cross-bedded
Mississippian limestone.

The general character of the higher beds in the
Maroon formation can be seen from Figure 2. The
lower 1,100 or 1,200 feet consists largely of dark-red
and green sediments containing a relatively -greater
proportion of sandy shale or shale, but with many in-
terbedded sandstones and conglomerates and a few
" black shales, particularly near the base. The color of
the rocks covers a considerable range from dark red to
yellow, orange, or green, but the red color predom-
inates. Mica is a conspicuous constituent of nearly
all the beds and serves to distinguish the Maroon
formation from grlts included in the Kerber forma-
tion in this region.

. From about 1,200 to 1,900 feet stratigraphically
above the base the formation is characterized by thick
beds of conglomerate and coarse-grained sandstone
which form prominent escarpments or low hills and
ridges. The general character of the strata inter-
bedded with these conglomerates is similar to that of

70-75

‘the sandstones and shales in the lower part of the.

. formation.
Above the conglomerate division, shale and gray
fossiliferous limestone are more abundant, and toward

'HEchinocrinus sp.

Rhombopora lepidodendroides,

the top of the exposed section coarse arkosic con-
glomerates containing red feldspar and mica are con-
spicuous. The upper conglomerate beds contain large
pebbles and boulders as much as 8 inches in diameter
and include rounded pebbles of limestone and sand-
stone similar to those found in the lower part of
this formation, which suggest the presence of an
unconformity within the upper part of the formation.

. Age.—Collections of fossils were made at two hori-
zons near the base of this formation. The soft gray

.limestone mentioned in the section shown in the pre-
-ceding column contained the following species:

Pustula nebraskensis.

Composita subtilita.

Schizostoma eatilloides.

Chonetes mesolobus var. de-
cipiens.

Derbya crassa.
Productus cora.

Rhipidomella carbonaria.
Chonetes graniulifer.

G. H. Girty, of the Geological Survey, who identi-
fied the fossils, says:

The collections are clearly of Pennsylvanian age and appear
to have had their source in the lower part of the Maroon
formation as defined in the Anthracite-Crested Butte folio.
At least the small faunas collected are in closer agreement
with that than with the fauna of the Weber limestone as
recorded.

Another collection at a horizon near the base of the
Maroon formation but undetermined.in relation to the

“horizon of the collection above mentioned contained

the fauna listed below.

. Bed 10
Myalina?, n. sp. | Pseudomonotis kansasensis?
o Bed 8
Astartella concentrica. j Phillipsia sangamonensis?
Bed 7

Productus morrowensis var.
Productus cora.
Composita subtilita.
Acanthopecten carboniferus?
Bucanopsis? sp. C
. Bed 6 (lowest)
Schizophoria texana,

Crinoid fragments.
Lingulidiscina sp.
Schizophoria texana,
Derbya crassa?
Chonetes levis.

These beds cover a stratigraphic thickness of about
15 to 20 feet. According to Mr. Girty the collections
may safely be interpreted as early Pennsylvanian.

The age of the upper part of the Maroon formation
is not known, although. limestones near the middle of
the section contain Chaetetes milleporaceus, commonly
regarded as a characteristic Pennsylvanian coral. It
is believed, however, that the upper several hundred
feet of the beds included in the stratigraphic column
(ﬁg 2) are of Permian age, as suggested by the change
in lithologic character and the inclusion of pebbles of
the older Carboniferous rocks. David White,*? on the
evidence of fossil plants collected by him in the Maroon
formation at several localities, assigns the entire for'-

12 Unpublished report.
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mation to the Permian series. It is the opinion of
J. B. Reeside, jr.,® that the Cutler and Rico forma-
tions, both of which are classified as Permian, are rep-
resented in the Maroon formation. In this report,
therefore, the Maroon is classified as Permian and
Pennsylvanian (?%).

TERTIARY IGNEOUS ROCKS
THE. VOLCANIC SUCCESSION

Tertiary volcanic formations cover nearly all of
the surface of the Bonanza district. They comprise
for the most part a series of lava flows and associated
tuffs and breccias, which are in part of local origin
and probably in part from volcanic centers beyond
the immediate vicinity of the district. These effusive
rocks have been invaded by several bodies of porphyry
of latitic and granitic composition and locally are cut
by many dikes of rhyolite, quartz latite, and mon-
zonite. The lavas range in composition from augite
andesite to rhyolite but include a great proportion of
rocks of intermediate composition such as latitic
andesite, latite, and quartz latite. A few local or
thin accumulations of tuff, breccia, or agglomerate are
found. The earliest flows and associated breccias rest
upon a basement composed largely of pre-Cambrian
gneisses, schists, and granitic rocks; and in the south-
eastern part of the district and possibly east of it
the basement includes some folded and faulted
Paleozoic sedimentary rocks. The unconformity at
the base of the Tertiary lavas represents a long erosion
interval in early Tertiary time.
character of the old surface upon which the lavas were
poured out is entirely undetermined within the dis-
trict, but several miles to the southeast, near Kerber
Creek, where erosion has exposed the base of the lavas,
there is some indication that the relief of the land
in early Tertiary time was at least 500 feet.

The earliest flows, constituting the Rawley andesite,
were widespread and probably covered the hilly ero-
sion surface of the pre-Tertiary formations com-
pletely. The next younger flows make up the
Bonanza latite, a characteristic unit in the volcanic se-
ries by which many of the present structural features

can be determined. Its distribution and comparatively |

small thickness show that these lavas flowed onto an
approximately level surface of the underlying andes-
ite. The sources of the andesite and latite flows have
not been determined. Above the horizon of the
Bonanza latite the lava succession is more com-
plicated; consisting of several thick local accumula-
tions of rhyolitic and latitic lavas and associated
tuffs and breccias. In addition to these local accumu-
lations there are also widespread lava flows of nearly

13 Unpublished report.

The topographic -

the same age but probably having a more distant
origin. These are predominantly of latitic composi-
tion. They partly surround and are partly inter-
bedded with some of the more local volcanic bodies.
When the flows had reached a total thickness of nearly
a mile another eruption of andesitic lavas occurred,
followed by more latites. These later lavas are now
found on the slopes and tops of the mountains west
of the district, and as no remnants of them have been
found within the district, it is not known if they
ever extended completely across the region.

After or during the accumulation of the earlier
series of volcanic rocks the crust was invaded and
weakened by molten magma that may have been the
source of some of the local effusive rocks. The rocks
near the surface were deformed, and part of them -
subsided onto the underlying molten rock, so that they
were broken into many tilted fault blocks. At the
time of faulting dikes were intruded into the rocks in
some areas. ’

The remnants of the volcanic series that have been
preserved from erosion within the area mapped repre-
sent a thickness of approximately 4,000 feet, but with-
out more detailed surveys of the surrounding regions
it can not be determined whether this thickness
actually represents the total volcanic accumulations
of the area. The correlation of this volcanic sequence
with the divisions of the volcanic series of the San
Juan Mountains is not established, but according to
Larsen 14 probably all or at least most of the flows of
this district are of the pre-Potosi age. The age of
the earliest volcanic eruptions of the San Juan Moun-
tains and the relation of the Potosi volcanic- series
(Miocene) to these lavas suggest that their period of
eruption may have been in the Oligocene.’®

Although there is no evidence of long erosion inter-
vals between the successive eruptions, the sequences in
different parts of the district are not the same, and
the thickness of individual formations differs from
place to place. These differences are perhaps largely
due to the overlapping of formations and to the
accumulation of some volcanic material about local
vents, rather than to extensive erosion. Some differ-
ences are also very likely only apparent, being due to:
the practical difficulties of obtaining accurate measure-
ment in faulted and tilted volcanic formations.
Many of the fault blocks into which the rocks were
broken are small in comparison with the thickness of
individual formations, so that few places afford
favorable conditions for measuring thicknesses as
great as 500 to 1,000 feet. '

The following table shows the divisions of the
volcanic flows that have been used in mapping. The

¢ Larsen, B. S., personal communication.
15 Based on personal discussion with Doctor Larsen.
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oldest formation is at the bottom of the list, but the
table does not include the younger intrusive rocks,
which will be discussed in a following section. The
thicknesses stated are approximate.

Section of Tertiary volcanic formations in the Bonanza

district
Feet
Andesite (flows, only small part of series within the
district) ___ —— - 300
Brewer Creek latite (flows)_______ _ - 500
Porphyry Peak rhyolite (local(?) flows, tuffs, and
agglomerates; some intrusives) -—- 1,000

Squirrel Gulch latite (flows) . ___________ 300-500
Hayden Peak latite (local flows, tuffs, and breccias;
probably some intrusives). Believed to be in part
contemporaneous with Bonanza latite and in part
younger ) - 1, 000-1, 500
" Bonanza latite (mostly flows, some tuff and breccia in
upper part) 500-1, 000
Rawley andesite (mostly thin flows, with some latites
and breccia) - 1, 000-2, 000

Northern part
of district

ley mine, comprises most of the rocks outcropping in
the northeastern, east-central, and extreme southern
parts of the district. It consists of a thick series of
flows and-breccia beds, which range in composition
between augite andesite and latite. The thickness of
the individual flows ranges from 10 or 15 feet to over
100 feet. Commonly the latite members of the series
form the thicker flows, and many of the flows less
than 50 feet thick are augite andesites.

The crest of the high eastern range of the district
between Elkhorn Peak and Round Mountain is com-
posed wholly of these lavas. Because of the prevail-
ing westward dip of the flows in this region, succes-
sively higher beds of the andesite crop out westward
from this range to the locality where the overlying
latites and rhyolites conceal the andesite in the north-
west and west. The individual lava beds on the west-
ern slope of this range are not exposed, however, in

Southern part
of district

Upper andesite

about 300 feet
exposed in district

Porphyry Peak

~

rhyolite

Brewer Creek

1,000 feet or
more
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Ficurp 3.—Columnar section of the Tertiary lavas of the Bonanza district

As many of the lavas came from different sources
and as their periods of eruption overlapped, a simple
tabular arrangement of the formations does not ex-
press the relative age satisfactorily. For this reason
the comparative age of the formations in so far as
they could be interpreted is shown in a columnar
diagram. (See fig. 8.) '

VOLCANIC FLOWS

RAWLEY ANDESITE

DISTRIBUTION AND GENERAL CHARACTER

The Rawley andesite, named from its typical occur-
rence on the slopes of Rawley Gulch and in the Raw-

the order in which they were originally erupted, but
the flows are tilted and repeated many times by step
faults. The present outcrops thus afford only a jum-
bled section of the original series. Toward the west,
where the outcropping rocks consist chiefly of lavas
younger than the Rawley andesite, small areas of
fault blocks of the underlying andesite crop out in the
valleys and at places even on the ridges. The larg-
est exposure of andesite in the western part of the dis-
trict lies between the forks of Kerber and Brewer
Creeks and is bounded mostly by faults.

The east slope of the eastern range lies mostly out-
side of the area mapped but at the north consists
largely of the Rawley andesite. The base of the andes-
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ite is exposed near Alder Creek but is not known
to be exposed elsewhere in the district. On the north
side of Alder Creek, where this series rests upon the

pre-Cambrian rocks, breccia beds usually form the

base.

The small outcrops of pre-Cambrian rock near the
head of Squirrel Gulch are fault blocks that have
been thrust upward into fault contact with the
andesite. These fault blocks may, however, indicate
the position of a hill or high area of the original

basement, as otherwise the displacements of the

bounding faults would exceed 1,000 feet. If so, the
andesite may be thinner here than elsewhere in the
district. '

In the southern part of the district the andesite is
found south of the Hayden Peak latite, and the in-
trusive Eagle Gulch latite. Its exposures are prac-
tically continuous on both sides of Kerber Creek for
several miles southeast of the area mapped. The
andesite rests upon the pre-Cambrian rocks and the
Paleozoic sedimentary formations near Kerber Creek
within the area shown on Plate 8. Basal breccias
found in this area contain fragments of pre-Cambrian
rocks and of the Paleozoic rocks. The lower flows
are mica andesite or latite, but their exact composi-
tion has not been determined.

SEQUENCE OF FLOWS

Although several lithologic divisions were made in
the Rawley andesite in the northern part of the dis-
trict, based upon the sequence of flows within this
formation, corresponding divisions could not be rec-
ognized in the southern part of the district. It was
found that only doubtful correlation could be made,

even across the eastern range, between beds in the
" Rawley Gulch region and those in the Alder Creek
region. The making of such correlations in the dis-
trict is much handicapped by the intricate faulting
and lack of continuous exposures, but it must also
be concluded that many of the individual flows were
never continuous over these areas or that the ap-
pearance of the consolidated lava is different at dif-
ferent places. The lack of sharp distinctions between
different flows is typical of the augite andesites,
especially of the finer-grained types. Within an area
as small as the Bonanza district many of the andesite
flows may have had a common source, and their peri-
ods of eruption presumably followed one another so
closely that there was little opportunity for differ-
ences to develop in the composition of the lavas.
However, at several periods in the sequence of flows
were erupted latites and lavas that are intermediate
in composition between andesite and latite and differ
markedly in composition and texture from the more
basic lavas. At least three latites of distinctive char-

‘ual flows.

acter are recognizable in the northern part of the
district. One of these is found at the very base of the
series and is exposed near Alder Creek and perhaps
represented by lavas at the base on.Kerber Creek
south of the district. A second one crops out on the
high ridges on both sides of the upper end of Rawley
Gulch. This horizon is also recognizable at the east
end of the Rawley drainage tunnel, beneath the sur-
face. The horizon of these lavas is believed to be
about midway in the series. The uppermost latite
lavas are a conspicuous series of flows near the top
of the Rawley andesite, which crop out on the western
slope of the range between Copper Gulch and Round
Mountain. Typical exposures are found above the
old Stemwinder prospect, below the Superior mine,
on the high ridge east of the Whale mine, and in the
vicinity of the Antoro shaft. Because of the close-
ness of this horizon to the top of the andesite the
latite is exposed at many places in the northern part
of the district, both at the surface and in underground

" workings, as in the Rawley drainage tunnel and in

deep levels of the Cocomongo mine. Between these
several horizons of latite the lavas consist of augite or
augite-mica andesites, all of very similar types, and
thin local beds of breccia or agglomerate. The upper-
most latites are overlain by andesite breccias and at
places by thin augite andesite flows. At many places
the Bonanza latite, which overlies the Rawley andes-
ite, lies upon a partly oxidized breccia bed.

In the southern part of the district the upper part
of the andesite series contains many mica andesites
or latitic andesites of types that are rather uncommon
among the lavas farther north. The middle and
upper latite horizons were not recognized in individ-
Although it is possible -that the mica
andesites or latites of the south represent the upper
latite horizon, it is perhaps more likely that such
divisions in the sequence of lavas are of only local
significance. The vagueness of these correlations
from place to place thus did not permit subdivision
of the lavas of the Rawley andesite into smaller units.

THICKNESS

Only the approximate thickness of the Rawley
andesite can be determined, because of several variable
and unknown factors that must be used to calculate
it. One of the variable factors is the relief of the
surface upon which the andesites accumulated. This .
relief can not be determined for the Bonanza district,
because exposures of the base of the andesite within
the district are relatively few and because none of
the mine workings in the north-central and southern
parts of the district penetrate the andesite deep
enough to reach the pre-Cambrian rocks. A relief
of about 500 feet in the surface of the basement was
observed southeast of the district, but the relief in
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different places may of course be much greater or
less than this.

Other factors that differ from place to place and
are in part unknown are the present attitude of the
formation as a whole and the displacement of fatlts
which lie entirely within this formation. Both of
these factors are difficult to estimate. quantitatively.
The direction of dip of individual flows can be deter-
mined at many places, but as the beds are commonly
steeply tilted in local zones, dips based upon random
observations of contacts are not trustworthy as indi-

- cations of the attitude of the formation as a whole.
Furthermore, the exposures are not sufficiently good
to permit large numbers of observations of this type
to be made. The attitudes that have been assumed in

constructmg the cross sections within areas of Raw- |

ley andesite are based upon partial mapping of the
outcrops of certain key beds, such as the latites men-
tioned above.

The most favorable area for estlmatmg the thick-

ness of the andesite is near Alder Creek, where both -

the base and the top of the series are exposed on the
slopes. Because of faults intervening between the
outcrops of the base and top the estimate here also
depends upon an interpretation of the structure.
(See section A-A’, pl. 3.) The minimum possible esti-
mate is 1,000 to 1,200 feet, and only by assuming
very ‘large displacements along some of the fault
zones can the thickness be placed at more than 1,500
feet. The pre-Cambrian of this area possibly repre-
sents a high region of the old pre-volcanic surface,
so that these thicknesses may perhaps be less than
the average for the formation.

Where the pre-Cambrian rocks are exposed in

Squirrel Gulch, in the northwestern part of the dis-.

trict, they are in fault contact with andesite and with
lavas higher in the volcanic series. The presence of
these upthrust blocks in contact with lavas younger
than the andesite suggests that another high area of
the basement lies beneath this region, but other inter-
pretations of the structure are possible. (See pp.
47-50.) :

In the vicinity of Rawley Gulch the deep shaft of
the Rawley mine permits the estimation of another
minimum thickness of this formation. As .the crest
of the range between Alder Creek and the Kérber
Creek drainage area corresponds closely to the struc-
tural crest of a faulted arch or dome, the thickness
of the formation can not be determined by simply
adding the depth of the deepest mine working to the
relief of the high range above. The Rawley shaft
has penetrated the andesite to a depth of about 1,100
feet below the surface. As the beds in this portion
of the arch are tilted possibly as much as 30° or 40°
from the horizontal, the stratigraphic thickness is
somewhat less than the depth of the shaft. The lavas

cut by the Rawley drainage tunnel near the bottom
of the shaft (pl. 25) represent the middle latite hori-
zon in the andesite. This horizon is believed to be
about midway in the series but is more likely nearer
the base than the top. The thickness of lavas below
the middle latite probably is not less than 500 feet
but may, of course, be greater, depending upon the
unevenness of the basement at this locality.

The minimum thickness of the andesite in Rawley
Gulch on this rough basis is from 1,600 to 2,000 feet.
A regional thickening of the formation southwest-
ward from Alder Creek is a possibility that can not
be denied with any evidence at hand, so that the
actual thickness may be much greater than this
minimum estimate.

In the southern part of the district there are few
data on which to determine thickness other than a
minimum represented by the depth of explorations
and-the relief of the surface. None of the mine shafts
penetrate to the base of the andesite, and the deepest
shafts are not more than several hundred feet deep.
A thickness of at least 800 to 1,000 feet is indicated,
but the total thickness is certainly greater than this.

PETROGRAPHY

Awugite-biotite andesite—The most abundant and
typical lava of the Rawley andesite is augite-biotite
andesite. It presents a considerable range of texture
but nearly all the unaltered lava is characterized by a
dark-colored, dense groundmass. In texture it ranges
from fine-grained nonporphyritic or very finely
porphyritic types to conspicuously porphyritic rocks
in which the phenocrysts attain a length of 6 or 8
millimeters. The conspicuous phenocrysts are plagio-
clase and have a wide range in their shape and pro-
portion in the different lavas. Augite and mica pheno-
crysts are mostly small and are commonly altered
and inconspicuous. Amygdaloidal lavas are not un-
common, but they differ much in the shape and prom-
inence of the amygdules, which rarely reach a diame-
ter of half an inch. Some beds are amygdular
throughout, although many more contain only thin
zones of finely amygdular or vesicular material at
their top. The oxidation of the thin, highly vesicular
beds is commonly pronounced, giving them a. purple
or reddish-brown color. The color of the unaltered
lavas ranges from nearly black to greenish gray or
rarely reddish brown, but the altered lavas are much
bleached or green, according to the relative abundance
of sericite, chlorite, and calcite. ‘

Microscopic examination shows that the feldspar
phenocrysts in typical lavas are labradorite (An ss
to Ang,) from 2 to 6 millimeters in length. In some
lavas these crystals are long and lath shaped; in
others they are of stouter outline and occur singly
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or in clusters. Several generations of feldspars are
present in some lavas, where one generation is inter-
mediate in size between the larger ones and the feld-
spars of the groundmass. Augite is not abundant in
-any of the lavas examined and in many is represented
only by its alteration products, calcite, chlorite, and
magnetite. It occurs in small prismatic crystals 1 to
2 millimeters in diameter or in aggregates of smaller
grains, and also in very small scattered grains and
prisms in the groundmass. - A few biotite flakes, 1 to
2 millimeters in diameter, are mostly altered to chlo-
rite or serpentine or to pseudomorphic aggregates of
chlorite, quartz, calcite, and rutile. In a few of the
lavas examined there was a little brown hornblende
associated with augite or in small isolated crystals.
The groundmass exhibits textures ranging from the
more typical andesitic, having slender plagioclase
crystals in a glassy base, to the holocrystalline. In
the intermediate types the groundmass is essentially
of submicroscopic texture, so that the nature of the
minerals composing it is obscured by alteration prod-
ucts. The plagioclase of the groundmass is mostly
andesine. Magnetite is fairly abundant in large
grains and in very small ones scattered through the
groundmass. Apatite is an accessory mineral. Cal-
cite and chlorite are practically everywhere present
as alteration products, and sericite is more or less

common, depending on the nearness of the rock to |

fissured and hydrothermally altered ground.

The amygdules present in some lavas are composed
of chlorite, calcite, chalcedony, and in part of hema-
tite. In the red highly vesicular portions hematite is
scattered throughout the rock, probably as an alter-

ation product of escaping gases or of air in contact -

with the hot lava.

Awugite andesite—Typical augite andesites are prob-
ably riot as common as the augite-biotite andesites, but
several lavas that were examined microscopically be-
long to this group. These are of finely porphyritic
texture and of dark-gray or reddish-brown color.
The phenocrysts are abundant, are from 1 to 3 milli-
meters in length, and consist of about equal amounts
of labradonte (An“) and greenish augite. The
augite is perfectly fresh and either forms pusmatlc
crystals 1 to 2 millimeters in length or occurs in aggre-
gates of many smaller grains which occupy areas sev-
eral millimeters in diameter. The groundmass has a
typical andesitic texture, consisting of a glassy base
clouded with magnetite or hematite and containing
very small, slender plagioclase microlites with random
orientation. Magnetite and apatite are accessory min-
erals, and chlorite, epidote, and calcite are secondary.

Biotite andesite or latite—In the southern part of
the district the upper part of the Rawley andesite con-
tains many dark mica-bearing lavas. The texture and
mineral composition of these lavas suggest that they

-fied glass showing brownish flow lines.
-mineral composition of this base can not be deter-

are latites rather than andesites, and at least they are
of intermediate composition. They are conspicuously
porphyritic, containing phenocrysts of both feldspar
and biotite.

The feldspar in typical lavas has the composition of
andesine (about An,,) and occurs in-slender or broken
crystals 2 to 6 millimeters in length. The biotite is
in conspicuous flakes 2 to 5 millimeters in diameter
and under the microscope is seen to be partly-altered
to chlorite, epidote, and rutile. Fresh biotite is pleo-
chroic from brownish yellow to deep brown and con-
tains hematite and lines of opaque grains parallel to
the cleavage.

These lavas contain a few aggregates of calcite,

| deep-green chlorite, and magnetite which have the

outline of augite crystals. The groundmass is
clouded, of brownish tint, and contains patches that
are of submicroscopic texture, but it is largely crys-
talline. Quartz, orthoclase, and plagioclase can be
recognized, but much of the mineral intergrowth is
too fine or clouded with alteration products for esti-
mation of the relative amounts of minerals. Mag-
netite, hematite, and apatite are accessory minerals in
the groundmass. Scattered alteration products con-
sist of calcite, epidote, and sericite. _
Latite—The first few thin flows near thé base of
the Rawley andesite on Alder Creek are latites, which
differ markedly in appearance from the typical andes-
ites of the series. They are dark gray, greenish, or
reddish brown and exhibit a prominent flow texture.
They contain small phenocrysts of feldspar, 2 to 4
millimeters in length, and a few smaller inconspicuous
flakes of biotite. Microscopic examination of  one
flow from the north side of Alder Creek shows the
feldspar crystals to have the composition of ardesine
(Ang;_,). Brownish biotite is the only ferromag-
nesian mineral present and -occurs in small flakes.
Magnetite in small grains is scattered throughout the
groundmass, and apatite is a less common accessory
mineral. The groundmass, which is in greater volume
than the phenocrysts, is composed largely of devitri-
The present

mined with accuracy, because of the abundance of al-
teration products such as chlorite, sericite, and epi-
dote. The index of refraction of most of the crys-
talline material composing the groundmass is slightly
greater than that of Canada balsam. A little quartz
can be recognized. These lavas are believed to be la-
tites from their similarity in mineral composition and
texture to the typical latites of the region, but this
classification is made without the support of a chem-
icaloanalysis.

The middle part of the Rawley andesite in the
northern part of the district is characterized by a
second prominent series of latitic lavas, which crop
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out high on the west slope of the range between
Rawley Gulch and Alder Creek. These lavas dip
westward and are exposed again beneath the sur-
face in the Rawley drainage tunnel just west of the
‘Rawley vein. (See pl. 25.) The best exposures at the
surface are found on the top of the high ridge about
midway between the Gladstone shaft and the Antoro
shaft. Several of the lava beds of this series are
massive, forming prominent outcrops with talus
slopes. These lavas are light greenish-gray to dark-
gray porphyritic rocks, some beds of which are amyg-
daloidal or vesicular throughout and others only
slightly so near the top. The feldspar phenocrysts
are commonly large, ranging from 5 to 8 millimeters
in length, and are rather sparingly developed. In
some of the lavas there is also a second generation of
feldspar phenocrysts that are more abundant but only
1 to 2 millimeters in length. Even without the aid
. of a hand lens the groundmass is seen to be distinctly
coarser in grain than that of any of the typical
andesites. The rocks weather to greenish gray and
rusty brown, and some of the large feldspar crystals
weather out, producing a pitted surface. Microscopic
study of these lavas shows that some of them are
considerably altered. In the least altered lavas the
.phenocrysts are. plagioclase, having the composition
of sodic labradorite (Ang.s). The ferromagne-
sian minerals comprise augite, hornblende, and altered
hiotite. Augite occurs very sparingly-in grains 1 to
¢ millimeters in length and in minute grains scattered
through the groundmass. A brown hornblende forms
rims on some of the altered augite. Biotite is en-
tirely altered to chlorite, calcite, and rutile. The
groundmass is a granular intergrowth of plagioclase,
orthoclase, and quartz of about 0.2 millimeter grain
in some lavas. The plagioclase forms the principal
constituent of the groundmass and occurs in short
prismatic grains ranging in composition from andes-
ine to sodic oligoclase. Orthoclase occurs in irregu-
lar grains bordering the plagioclase prisms and in
small crystals of quadratic outline within quartz.

The quartz is somewhat more abundant than ortho-

clase, forming nearly 10 per cent of the volume of the
groundmass. The groundmass contains abundant
grains of magnetite and scattered grains and flakes
of brown hornblende and chlorite. Apatite is a less
common accessory mineral. In advanced states of
hydrothermal alteration the plagioclase crystals are
converted to sericite and calcite, the alteration at-
tacking the centers of the larger phenocrysts first.
Most of the amygdules are composed of chlorite and
calcite. The composition of these lavas has not been
determined by chemical analysis, but from their min-
eral composition it is clear that they are comparatively
high in sodium and potassium and are presumably
calcic quartz latites.

At a horizon near the top of the Rawley andesite
latites are prominent on the slopes east and above the

- Whale mine, forming there a conspicuous talus of

large angular blocks. A similar talus slope of these
lavas occurs above the Stemwinder property. As seen
at this locality and on the crest of the main ridge east
of the Whale the member appears to consist of at
least two or three individual flows. This bed is also
found on the west slope of Manitou Mountain in the
vicinity of the Antoro shaft. These lavas are conspic-
uously porphyritic, with abundant plagioclase crys-
tals tending to a somewhat square outline and 2 to 6
millimeters in size. The groundmass is greenish gray
to dark gray and exceedingly fine. Both in the fine-
ness of the groundmass and in the abundance of the
phenocrysts these lavas are contrasted with those of
the latite just described. Altered biotite and greenish
aggregates representing altered augite may be recog-
nized on close inspection. Microscopic examination of
these lavas shows that the plagioclase crystals are
sodic labradorite (Ang) and that the groundmass is a
fine intergrowth of small plagioclase laths, orthoclase,
and quartz. The plagioclase in the groundmass is
more sodic than that of the phenocrysts, consisting
partly of andesine-oligoclase, and is mostly mantled
with orthoclase. A little hornblende can be recognized

- with the microscope and is associated with the augite.

. CHEMICAL COMPOSITION

The following analyses of three specimens, one col-
lected by Patton'® and two collected by the writer,
show at least partly the range in composition of lavas
of the Rawley andesite. It will be noted that the
potash is comparatively high in all the analyses. The
high potash in analysis 1 may be partly accounted for
by the fact that the rock was an altered one containing
sericite. The higk percentage of carbon dioxide also
indicates alteration. As Patton states that the rock
contains “rather sparingly developed augite” it is
probably not representative of the more basic types
of augite andesite described above but is of the inter-
mediate type. Analysis 2 represents an augite-
biotite andesite containing only small amounts of
augite and biotite, with phenocrysts of calcic lab-
radorite in a partly glassy groundmass. There is
microscopic evidence of weak propylitic alteration,
also shown by the amount of carbon dioxide. The
lava should perhaps be more strictly called latite.
Analysis 3 is the highest in silica and lowest in lime
compared to the potash and soda and represents the
uppermost latite horizon, near the top of the Rawley
andesite. Orthoclase and quartz are both visible in
the groundmass of this lava, and biotite is the most
abundant ferromagnesian mineral. The rock is prac-

16 Patton, H. B., Geology and ore deposits of the Bonanza district,
Saguache County, Colo.: Colorado Geol. Survey Bull. 9, p. 54, 19186.
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tically fresh except for a very little calcite associated
with the augite grains.

Analyses of lavas from the Rawley andesite

1 2 3 1 2 3

SiO,_.| 54. 23| 57.62 59.66| CO,--| 2. 13 1.06] 0.10
Al,Os.| 18. 82 ~15.84| 16.09]| P;O5 -| .16 .44 .36
Fe 05| 1. 69 3.050 2.57| SOs.... Tr. .05
FeO. | 4.06 3.90, 38.53) Cl... Tr.| Not det. |- --.-_
MgO.| 2.25( -2.14 2.29| F____[..._.. Not det. |-...--
CaO .| 6.62 4.81 4.48|| S.... Tr.| Not det. |- o~---
Na,O_.| 3.91 3.07| 8.08)| MnO.| .17 15| aa
KO_.| 3.08 495 4.92f BaO _|__..__ 04 .
H;0— . 08 .24 . 25
H,0+| 1.51 1.39] 1.84 100. 14, 100. 05/100. 16
TiO; .| 1.43 1.30, 1.00
ZrO, . Tr.| Not det. 1&1{.1);1;

et.

1. Augite andesite from point 8,900 feet southwest of the summit of Round Moun-
tain. Phenocrysts of labradorite and rather sparingly developed augite. The
groundmass shows plagioclase and secondary minerals, chlorite, calcite, and sericite.
Collected by H. B. Patton, Colorado Geol. Survey Bull. 9, p. 54, 1915, Analysts,
Georgo Rohwer and E. Y, Titus.

2. Augite-blotite andesite (latite) from ridge just below Superior mine. Analyst,
J. GQ. Fairchild.

3. Biotite-augite latite from ridge near Superior mine. Analyst, J. G. Fairchild.

RELATION TO MINERAL DEPOSITS .

The Rawley andesite forms the country rock of
many of the most productive veins of the district.
Where unaltered it possesses characteristics, described
above, by which it can ordinarily be easily distin-
guished from the other rocks of the district, Where
it is encountered in the walls of drifts that follow
veins or faults, however, intense alteration is likely
to obscure many of its typical features. Near feebly
mineralized fissures or at some distance from strong
veins a chloritic alteration is tlee one usually found,
in which the rock is partly replaced by calcite and
chlorite with a little sericite and some pyrite. Such
altered rock is mostly of a dark-green color and is
somewhat softened, though comparatively tough.
When broken by mining operations it may show many
joints coated with films of chlorite and calcite.
These joints form planes of weakness along which
the rock readily parts and slumps into the drifts or
stopes. Mining experience in the district has shown
that, owing to this altered condition of the walls, the
vein material must be mined without breaking too far
into the adjacent wall; otherwise the wall will grad-
nally cave and dilute the ore as it is drawn from the
tope. In some parts of the ore bodies the silicifica-
tion of the walls close to the vein, mentioned in the
ext paragraph, may protect one or both walls from
aving unless the silicified zone is narrow and is
roken down with the vein filling.

The more intense alteration in the immediate walls
f the larger veins consists of two main types—one
which the andesite is entirely replaced by silica and
one in which it is largely replaced by an association
of sericite, quartz, calcite, and pyrite. The silicified

andesite is called jasper and is an exceedingly hard,
resistant rock. It is commonly tinged with red or
of dark-red color and in places contains many crystals
of pyrite scattered through it. Such rock is present
in parts of one or both walls of the Rawley and many
other veins in the district. It is also found less
closely associated with mineral deposits and in other
types of lavas than andesite. Where the wall rocks
are completely silicified it may not be possible near
the vein to determine the original character of the
rock, as its texture is largely or completely lost.
Under conditions encountered in parts of the Coco-
mongo mine, for example, it is difficult to distinguish
between silicified andesite and silicified Bonanza latite.
However, the red color of silicified rock is probably
more typical of the andesites than of the latites and
rhyolites. :

The other type of intense alteration close to the
veins in the district is commonly called sericitization.
It consisted of the replacement of the andesite by
different proportions of finely divided sericite, cal-
cite, quartz, and chlorite. Where the proportion of
sericite is large the andesite is converted into a soft
greenish-gray or white rock, between which and the
darker chloritized rock there are all gradations. The
original appearance of the andesite is largely lost,
but at-certain stages of the alteration the outlines of

the larger feldspar crystals may still be seen. Under

such conditions some of the conspicuously porphyritic
andesites may be confused with. the dikes of light-

.colored intrusive porphyries that occupy some of the

mineralized fissures. Although the presence -of a -
porphyry dike between the fissure walls is probably
rightly considered a rather unfavorable condition be-
cause of choking of the fissure, the highly sericitized
andesite is typical of the more productive veins and
is an indication of the passage and chemical action of
sulphide-bearing solutions. The relation of the dif-
ferent types of alteration to the formation of ore is
discussed in more detail in following pages.

Bleaching of the andesite at the surface is also
noticeable along the outcrops of veins or faults. Al-
terations of the sericitic and chloritic type in conjunc-
tion with the fracturing weaken the andesite so that
it does not crop out. Silicified andesite, however,
stands up in ridgelike outcrops or as prominent masses,
and bodies of such resistant rock serve to indicate the
position of fissured zones.

BONANZA LATITE

DISTRIBUTION AND STRATIGRAPHIC RELATIONS

The Bonanza latite was first so called by Patton,’
who applied the name to the latite flows, possessing a

¥ Patton, H. B., op. cit., pp. 20-37.
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prominent flow texture and containing inclusions of
andesite, which overlie the andesites. and underlie
flows of hornblende-biotite latite. Patton’s detailed de-
scription of the Bonanza latite applies strictly, how-
ever, only to the lower flow or series of flows of this
formation. The name as here applied includes all the
lavas that lie stratigraphically between the Rawley an-
-desite-and the Squirrel Gulch latite (the hornblende-
biotite latite of Patton). Because of the different
characteristics of the flows of the lower and upper
parts of this formation, the Bonanza latite is divided
in this report into a lower latite member and an
upper rhyolitic member. As there is a significant
change in the physical nature of the rock between the
upper and lower members, which has a pronounced
effect on fissure formation, these members have been
mapped separately over parts of the region where
they-are both present and distinguishable.

The Bonanza. latite is widely distributed in the
central and northeastern parts of the district and
extends south along Kerber Creek 7 or 8 miles below
the town of Bonanza. In.the northern part of the
district the outcrops of flows of this group form the
more. conspicuous features of the local. topography
(See pls. 4,C,and 7, A, B.)

'The contact between the .Rawley andesﬂ:e and the
massive lower flows of the Bonanza latite is well
marked by the sharply defined differences in appear-
ance of the lavas. Because of repetition by step fault-
ing the exposures of this contact are found over a
greater area than would be expected from the steep
angle at which the lavas are tilted... The highest. alti-
tude which the Bonanza latite reaches in the district
is on the crest of Round Mountain, the upper several
hundred feet of which is composed of these flows.
It also covers many of the tops and northern slopes
of the ridges north of Alder Creek. In.the Kerber
Creek drainage area it crops out on all the spur ridges
that separate the streams, from Bear Gulch to Elk-
horn Gulch, and extends considerably west of Kerber
Creek throughout this stretch. On the south side of
~ Elkhorn Gulch for about a mile east of Kerber Creek
the Bonanza latite flanks the intrusive Eagle Gulch
latite on the north, but on much of the south side of
this intrusive it is entirely missing in its characteris-
tic development. West of Kerber Creek, however,
it retains its characteristic features and can be traced
for several miles south of the Eagle Gulch latite,
but it lies west of the area mapped. The southern-
most exposure west of Kerber Creek shown at the
edge of the map is opposite the mouth of Greenback
Gulch. .

Although lying stratigraphically above the Raw-
ley andesite, the Bonanza latite has been completely
eroded from the top of the range between Round

Mountain and Elkhorn Peak, owing to the arching
of the formations over this region. That it once
extended completely across this range seems to be
certain, inasmuch as its base is found at an altitude
of about 12,000 feet on Round Mountain, where it
lies practically horizontal and forms the crest of the
arch. The stratigraphic position of the Bonanza
latite above the Rawley andesite and beneath the
Squirrel Gulch latite, a sequence which was first rec-
ognized by Patton,'® is entirely clear from the ex-
posures in the northern part of the district. The
Bonanza latite is also intruded by the Eagle Gulch
latite and associated dikes, but its age relation to the
Hayden Peak latite is obscured by the facts that it is
not found in its characteristic development in the
region covered by that formation and that the typi-
cal latites of the Hayden Peak region are also absent
in areas in which the Bonanza latite is characteris-
tically developed. | At the southern base of Hayden
Peak and on the ridges north of the peak there are
a few thin flows of mica latite containing abundant
inclusions and somewhat resembling the Bonanza la-
tite in appearance. If these thin flows represent
a great thinning of the Bonanza latite, this forma-

tion is older than the quartz latites and tuffs of Hay-
den Peak but younger than some of the latites that

flank the northeast end of the Eagle Gulch latite at
Elkhorn Peak. This suggests the possibility that the
local Hayden Peak eruptions had begun and some
flows had accumulated before the period of more
widespread flows that formed the Bonanza latite and
that the Hayden Peak eruptions continued for some
time afterward.

The source of the Bonanza latite is not known, and
it is perhaps not unlikely that the lower and upper
members as defined had entirely different sources. In
some respects the upper member, because of its

rhyolitic composition and light color, more nearly

resembles some of the more latitic rhyolites of the
Porphyry Peak eruptions than it does the lower
member. The two members are, however, difficult t
distinguish where much altered.

THICKNESS

stant throughout the district, nor are both membe:

everywhere present. The thickest development of this
series seems to be on the ridge between Copper an

Elkhorn Gulches, where the upper member, if present,
has not been differentiated. An accurate estimate of
the thickness could not be made in this area, as the
faulting is more complicated than can be shown on
the map. The thickness can not be less than 500 feet,

The total thickness of the Bonanza latite is not cor;E

. 18 Patton, H. B., op. cit., p. 60.
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A. CONICAL HILL JUST EAST OF KERBER CREEK BETWEEN GREENBACK AND B. CLOSE VIEW OF ONE OF THE SILICIFIED ROCK MASSES
CHLORIDE GULCHES ¢ FORMING A SHARP RIDGE ON THE SOUTH SIDE OF

Viewed from the southeast. This hill is composed largely of the altered rocks of the Greenback GREENBACK GULCH
Gulch volcanic neck and is capped by a large mass of silicified rock formed by solfataric action. Plate 10, A, B, shows the nature of part of the rock forming this ridge.

C. VIEW LOOKING NORTH UP SQUIRREL GULCH D. VIEW FROM POINT NEAR HANOVER MINE LOOKING NORTH ACROSS RAWLEY
Shows Rawley mill at portal of Rawley drainage tunnel.  All the ridges in view are formed of westward- GULCH
tilted Bonanza latite, repeated by faulting. The portal of the Rawley 300 level adit is in the bottom of the gulch. Halfway up the slope on

the extreme left is the portal of the Antoro tunnel and in the central part the dumps of the
Michigan tunnels.
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s

A. DETAIL OF OUTCROP OF STEEPLY TILTED BONANZA C. PARTLY ALTERED BONANZA LATITE, COCOMONGO MINE
LATITE SHOWN IN B
The sheeted structure parallels the flow lines, although several of the
shearing planes cut across this structure at a small angle.

Differential alteration has accentuated the flow structure.

B. SQUIRREL GULCH FROM POINT ABOVE THE RAWLEY CAMP D. EXCHEQUER FAULT AS EXPOSED IN THE EXCHEQUER TUN-
An outcrop of a tilted fault block of Bonanza latite is seen at the right center. NEL, KERBER CREEK
The high peaks near the head of the gulch consist of the Porphyry Peak The view is taken along the strike of the fault and shows the low angle of
rhyolite. easterly dip. White material filling the fault fissure is sericitized gouge.
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however, and may be several hundred feet more than
that.

Throughout the district the lower member ranges
approximately from 300 to 500 feet and the upper
member, where present, from a knife-edge to 400 feet.
The total thickness of the two members certainly does
not exceed 1,000 feet at any place in the district.

PETROGRAPHY

Lower member—The lower member of the Bonanza
latite forms many massive outcrops and talus slopes
in the district; a typical one occurs near the Rawley
camp on Squirrel Gulch. Near the base and upper
portions of the bed the flow structure is generally
developed to the greatest degree, but the middle part
is in many places rather massive. A parting or cleav-
ing is developed in much of the rock parallel to the
flow lines, causing it to break into platy blocks. The
surface of the rock weathers to a brown or brownish
gray, bringing out the flow lines very distinctly, so
that the curvature of these lines around included
fragments may be readily seen. On freshly broken
surfaces of the rock the flow structure is as a rule
hardly noticeable, and the contrast between included
fragments and the mass of the rock so well shown on
slightly altered or weathered surfaces is largely lost.

The normal facies of the Bonanza latite are greenish-
gray to blackish-gray rocks. The groundmass is
greenish to nearly black and very fine grained, or
partly glassy and contains abundant phenocrysts of
plagioclase and orthoclase from 0.5 millimeter to 2
millimeters in length. When cleaved parallel to the
flow lines, surfaces of the rock show abundant green to
brown plates of biotite 2 to 3 millimeters in diameter,
with hexagonal or more irregular outline. Some of the
darker rocks are andesitic in habit but may generally
be readily distinguished from the andesites by the
abundance of these mica flakes. One of the most
characteristic features of the rock, which readily
serves to distinguish it where well developed, is the
Ipresence of angular inclusions of latite and andesite.
1’I‘hese inclusions vary in abundance. Those of latite
are irregular in distribution and may occur in any
part of this flow or the overlying flows, but the
andesite inclusions appear to be confined to the lower
parts of the Bonanza latite and near its base may be
very abundant and as much as 6 inches or 1 foot in
diameter. In the Cocomongo mine, where the con-
tact between the Bonanza latite and the breccia bed of
the Rawley andesite is exposed, the relation between
the included andesite fragments and the base of the
flow is readily seen. Near the base the penetration of
the breccia by the fluid latite and the lifting up of
the breccia fragments into the overlying flow are
well shown. At the very base large fragments of the
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andesite breccia are caught up into the latite, but at
20 to 30 feet above the base in a crosscut the frag-
ments are small and less abundant. Small andesite
fragments may have readily been carried to the upper
parts of the flow, but abundant large andesite frag-
ments are characteristic of its basal portion. The
angular latite fragments that are also abundant in
the flow at some localities may have been derived from
brecciation of cooled portions of the flow or from
brecciation of bodies of latite prior to extrusion upon
the surface. That the latter explanation is true for
at least some of the inclusions is supported by the
occurrence of fragments of pre-Cambrian rocks in
the latite at a few places and by the occurrence of
latite inclusions near the contacts of some intrusive
bodies of latite of similar character to the Bonanza
latite. - The molten latite lava probably possessed
some physical characteristics of fluidity or viscosity -
that enabled it to readily pry away and carry off
fragments of brecciated rock with which it came into
contact. The . fairly uniform size of many of the
inclusions in certain parts of the flow was appar-
ently governed by the carrying and lifting power
of the fluid lava, as seems to have been demonstrated
by the occurrence in the Cocomongo mine.
Microscopic study of the Bonanza latite shows the
greater part of the feldspar crystals to be andesine
(Angss0), orthoclase being present in less abun-
dance. Quartz occurs locally as rounded crystals but
is only rarely noticeable in specimens. The biotite
is generally altered to chlorite, calcite, and magnetite,
and in more altered rocks the plagioclase feldspar is
changed to albite. The groundmass is partly glassy
or submicroscopic in some rocks and contains plagio-
clase, orthoclase, and quartz. Quartz is so abundant
in the groundmass of some of the specimens that the
rocks can be called quartz latites. Whether the aver-
age composition is that of quartz latite is not known,

“but microscopic study of several specimens indicates a

composition intermediate between that of quartz
latite and that of normal latite.

Analysis of Bonanza latite ™

[Analysts, George Rohwer and E. Y. Titus. Phenocrysts of orthoclase, plagioclase,
and biotite. Constituents of groundmass not recognizable except magnetite.
Secondary sericite and calcite]

SiO,______ 58,04 |'K,O______ 4.17 | 8O3 __. None.
AlO,_ - _ . 17.89 | H,O—___. .09 [ Crlo_____. 0. 02
Fe,Op. ...  2.17 | HO+4____ 1.70 | S_____.___ None.
FeO_._____ 2.41 | TiOg______ .49 | MnO____._ .12
MgO._.___. 1.55| ZrO,._____ .12

CaO______ 4.54 | COqc____ 3.35 100. 46
Nazo _____ 3.37 PzOs ______ .43 X

Upper member.—The upper member of the Bo-
nanza latite at the Cocomongo mine can be described
only in a general way, because it does not generally
form prominent outcrops like the lower member but

1 Patton, H. B., The geology and ore deposits of the Bonanza dis-
trict, Colo.: Cnlorado Geol. Survey Bull. 9, p. 44, 1916.
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breaks up readily on weathering, forming a fine soil.
The most favorable exposures of it occur on the ridge
between Bear Gulch and Squirrel Gulch and west of
Squirrel Gulch, where it overlies the lower latite mem-
ber, but even here the outcrops are not prominent, and
weathered fragments on the surface are of most value
for recognizing the rocks. Weathered fragments are
generally gray to nearly white or pinkish white, and
many of them are extremely porous and pitted, owing
to the formation of lens-shaped cavities an inch or two
long, arranged roughly parallel to the flow lines. So
far as known inclusions are not common in the upper
member, although they are found at some localities.
The lavas are porphyritic with small feldspar pheno-
crysts, biotite appearing to be less common and in
much smaller flakes than in the lower member and in
general completely altered. Individual flows are not
distinguishable, although near the upper part of the
member the presence of several different flows is indi-
cated by variations of texture and the occurrence of
breccia beds or tuffs of local distribution.
Microscopically the upper member is clearly dis-
tinguished from the lower latite. Orthoclase pheno-
crysts are much more abundant than plagioclase and
are usually only from 0.5 to 3 millimeters in length.
They are clear and glassy except that they may be
partly altered to sericite along cracks. The plagio-
clase is andesine and nearly always cloudy. A few
quartz crystals, either cracked or with rounded out-
lines, are usually present. Biotite occurs in very small
flakes and where fresh is strongly pleochroic from
dark brown to yellowish; but it is nearly everywhere
altered to a colorless mica. The groundmass contains
quartz arranged in streaks parallel to the flow lines.
Some evidence of an original spherulitic texture is
seen in some sections. The rock is probably nearer
rhyolite than quartz latite in composition, but its
chemical composition has not been determined.

RELATION TO ORE DEPOSITS

The Bonanza latite is next to the Rawley andesite
"in importance as the country rock of ore bodies in the
district. The largest deposit so far developed in it is
in the lower member at the Cocomongo mine, on Ker-
ber Creek. The lower member of the Bonanza latite
consists of one or several massive beds which fracture
under certain conditions, so that the fissures formed in
this rock compare favorably with those in the Rawley
andesite. Although the lower flows possess a distinct
parting parallel to the flow planes, such partings are
usually best developed at the top and base of the
flows, the center being more massive. Where a bed is
tilted to an angle of 50° or more these closely spaced
partings ténd to interfere with the formation of simple
fractures and fissures, unless the fissure plane is at an
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oblique angle to the strike of the beds. Faults strik-
ing parallél to the partings form tight shear zones
rather than fissures. Many such shear zones in
steeply tilted latite may be seen along the upper part
of Squirrel Gulch, where the fault blocks strike essen-
tially north and are tilted to angles of 40° to 80°.
Although alteration of the sericite and carbonate
type with the formation of minor amounts of quartz
and sulphides has occurred along some of the north-
south fissures in this region, none of them have yielded
economically important quantities of ore. Several of
the larger well-mineralized fault fissures in this
formation along Kerber Creek cut the latite obliquely
to the strike—the Cocomongo at an angle of about
40°, the Bonanza vein at angles of 50° to 80°, and the
Memphis and Baltimore veins nearly at right angles.

The upper rhyolite member of the Bonanza latite,
on the other hand, is a soft cleavable rock which is
distinctly unfavorable to simple fissuring. No large
veins were seen in this member, and so far as known
there has been essentially no production from veins in
it. This may be due partly to the fact that it lies
mainly outside of and flanks the main zones of ore
deposition. However, it crops out on the slopes west
of Kerber Creek near the town of Bonanza, where
there is considerable fissuring and strong alteration,
but little ore has been discovered in it near the surface.
The mechanical influence of rocks on fissure veins has
been observed at other places in the San Juan Moun-
tains—for example, the unfavorable effect of the
rhyolite of the Potosi volcanic veins on strong fissures
in the underlying andesites of the Telluride district.
(See p. 92.)

Alteration near ore deposits in the Bonanza latite is
similar mineralogically to that in the Rawley andesite.
There is, however, some difference in the appearance of
altered andesite and altered latite. Silicificati~n, seri-
citization, and chloritization are all common in latite
near ore. Silicified latite usually contains less red
ferric oxide than andesite, but this distinction is not
always reliable, as some silicified andesite is compara-
tively light colored. Most of the silicified latite is of
gray, greenish, or white color and may have partly re-,
tained the original flow texture. Like silicified andes-:
ite, it is a very hard rock and difficult to drill. In'
some places silicification has worked outward from
parting planes in the latite. Where replaced by seri-
cite, chlorite, and calcite, the latite is bleached and
softened, forming a very weak wall rock. Alteration
of this type is well illustrated in the Cocomongo mine,
where the altered Bonanza latite is of a greenish color,
the feldspars are altered to a mass of sericite, tho
groundmass is partly replaced by calcite, sericite, chlo-
rite, and pyrite, and the biotite is altered to white
mica and rutile. This rock has little strength, and
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in parts of the mine where this alteration predomi-
nated over silicification the walls of open- workings
will not stand unsupported for any great length of
time. '

SQUIRREL GULOH LATITE

GENERAL CHARACTER AND DISTRIBUTION

The Squirrel Gulch latite is characterized by mas-
sive flows of hornblende-biotite latite, which are most
prominently developed in the upper part of Squirrel
Gulch and on north-south ridges west of Kerber
Creek in sec. 23, T. 47 N, R. 7 E. Beds of this lava
form rather prominent outcrops weathering to a yel-
lowish-brown surface on which the slender black horn-
blende crystals arve conspicuous. Where the flow is
interbedded with more easily weathered latites it
stands above the surface, forming a ridgelike out-
crop. The direction of the columnar jointing where
well developed serves to give the approximate dip of
the flows where they are tilted, as the hexagonal col-
umns stand nearly perpendicular to the surface of
the flows. .

At the very base of the Squirrel Gulch latite in the
northern part of the district there occurs a thin dark-
gray to nearly black flow of latite of similar appear-
ance to the glassy portion of the normal latite, but
it lacks the columnar jointing and has a flow struc-
ture parallel to its top and base. This bed is not more
than 15 or 20 feet thick and is not everywhere pres-
ent. In the central and southern parts of the district
this basal bed is absent, and west of Kerber Creek
below Brewer Creek latites corresponding to this
series exhibit characteristics somewhat similar to those
of the overlying Brewer Creek latites. The horn-
blende is less prominent or absent, and large mica
flakes are more conspicuous. Here the division be-
ween the Squirrel Gulch latite and the Brewer Creek
{atite is difficult to make and is based largely on the
more glassy, dense, and dark-colored groundmass of
the Squirrel Gulch flows, in contrast to the typical
reddish Brewer Creek latite.

" North of the west branch of Kerber Creek in sec.
14, T. 47 N, R. 7 E., the Squirrel Gulch latites are
overlain by the white rhyolitic lavas of the Porphyry
Peak rhyolite, but just south of the creek the rhyolites
wedge out and the Squirrel Gulch latite is directly
overlain by the Brewer Creek latite. These strati-
graphic relations are shown diagrammatically in Fig-
ute 3. In the northern part of the district hornblende
latites are interbedded in places with the Porphyry
Peak rhyolite, but the details of the relation between
the two formations are much confused by faulting.

The Squirrel Gulch latite in the Bonanza district
is lconfined so far as is known to a narrow zone in the
western part of the area mapped on Plate 1, extend-

| ing from the east side of Porphyry Peak, near the

head of Squirrel Gulch, southward to the Eagle
Gulch latite near Kerber Creek. Within this zone of
exposures the flows everywhere dip west at angles
ranging from nearly horizontal to as much as 60°.

The Squirrel Gulch latite is found along Little Ker-
ber Creek above Columbia Gulch, several miles south
of the district, and may possibly be more or less con-
tinuous between that locality and the exposures within
the area mapped, but the outcrops have not been
traced.

The thicker individual flows of the Squirrel Gulch
latite probably exceed 100 feet in thickness and may
attain 200 feet on the ridge west of Squirrel Gulch.
The formation ranges between 300 and 500 feet in
total thickness and hence consists of only a few flows,
but the exact number at any place was not determined.

No ore deposits are known to occur within this
{ormation, but it is altered and bleached where it is
intersected by faults and fissures. The absence of ore.
deposits within it is probably due to its position.in the

_ western part. of the district, outside of the area of

strongest mineralization.

PETROGRAPHY

The typical hornblende-biotite latite has been de-
scribed by Patton,'** who also gave a chemical analysis
(shown in the accompanying table)  supporting its
classification as a latite. The rock is glassy, has a
black color, and is generally characterized by a pro-
nounced vertical columnar. jointing perpendicular to
the top and bottom surfaces of the flow and similar
to that occurring in basaltic rocks. The columns are
commonly 5 or 6 inches in diameter and are generally .
five or six sided. The rock is porphyritic, with
plagioclase, hornblende, and biotite phenocrysts. The
feldspar and hornblende crystals are conspicuous and
may be as much as 10 millimeters in length. The
hornblende occurs in long, slender prisms with well-
developed cleavage. Biotite is less prominent but can
be recognized in shiny brownish-black flakes from 1 to
4 millimeters in diameter. The groundmass is dense
and black and has an irregular fracture and a some-
what greasy appearance. :

Analysis of hornblende-biotite latite (Squirrel Gulch latite)®

{Analysts, George Rohwer and E. Y. Titus. Phenocrysts of labradorite, hornblende
and biotite; hyalopilitic groundmass with plagioclase microlites and magnetite]

SiOg-o--_- 58.10 | KoO_ .. ... 3.88 ) 80;.._____ 0.3

ALO;_ ... 18.72 | H,O—____ .92 | Clo_.____. .01
FeyOs_ .- 2,01 | H,O4+___. 199 {S___._____ None
FeO______ 2.64 | TiOy_____. .90 { MnO____._ .10
MgO__.__. 1.12 | ZrOq_ .- __ Trace

CaO______ 5.837 1 COquo .. .81 99. 99
Na,O_____ 3.09 | PyOs- - __ 06

13 Patton, H. B., Geology and ore deposits of the Bonanza dis-
trict : Colorado Geol. Survey Bull. 9, pp. 40—-42, 44, 1916,
20 Tdem, p. 44.
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Microscopic study of a specimen collected from
the ridge west of Kerber Creek in sec. 23, T. 47 N.,
R. 7 E., shows the lava to be perfectly fresh, with
phenocrysts of labradorite, brown hornblende, biotite,
and a pale-greenish augite, named in the order of
abundance. The pale-green augite is not recogniz-
able in the hand specimen. The groundmass is a
brownish glass with abundant narrow plagioclase
laths, which in some specimens exhibit a flow struc-
ture, an arrangement typical of certain varieties of
trachytic lavas. :

Where exposed on the knoll between the branches
of Brewer Creek in sec. 35, T. 47 N., R. 7 E., both
hornblende and biotite are present in the latite, but
the hornblende is much less conspicuous. The lava
forming the crest of the knoll is bluish gray and con-
tains abundant plagioclase phenocrysts 5 to 10 milli-
meters in diameter and prominent mica flakes 4 or 5
millimeters in diameter. The rock weathers to a
rusty-brown color and breaks into large angular or
platy blocks from a few inches to several feet in
diameter.
gigantic proportions, as the columns are 5 to 6 feet
in diameter and also possess a parting parallel to
the dip of the flow. This exposure is fairly typical of
the latite in the southern part of the district.

PORPHYRY PEAK RHYOLITE , -
GENERAL CHARACTER AND STRATIGRAPHIC RELATIONS -

The Porphyry Peak rhyolite, named from its
typical exposures on the. slopes of Porphyry Peak
(pls. 2 and 6, B), is found only in the northwestern
part of the district. This formation consists of a com-
plex series of rhyolite flows and interbedded tuffs and
probably includes some intrusive rhyolite.
tural relations and sequence of flows in the formation
is much complicated by faulting and local tilting and
has not been determined. In places the lower flows
dip as much as 50°, and there is little umforrmty in
their strike. The base of the formation is well ex-
posed on the conical mountain near the east.line of
sec. 14, T. 47 N, R. 7 E. Here the lower lavas con-
sist of thin Whltlsh rhyolite flows having a flow tex-
ture and containing numerous lenticular gas cavities.
They overlie the Squirrel Gulch latite and dip 30°—40°
W. The lower individual flows are comparatively
thin, some of them appearing to be less than 100 feet
in thickness. These lower flows can be traced south-
ward to a point near the west branch of Kerber
Creek, a little south of the south line of sec. 14, where
the rhyolites wedge out, so that the overlying Brewer
Creek latite lies directly upon the Squirrel Gulch
latite.

The upper part of the Porphyry Peak rhyolite is
best exposed on the slopes of Porphyry Peak and on

Here the columnar jointing is on relatively |.

The struc-.

the large flat-topped mountain to the south. Tuffs,
breccias, and rhyolite pitchstones occur here inter-
bedded with the normal grayish-white rhyolite lavas.
The rhyolite on East Porphyry Peak, which lies just
north of the area mapped, splits 1nto thin slabs, and
the flow lines are much contorted. The rocks of this
formation extend north and west of Porphyry Peak
beyond the limits of the map and probably into the
valley of Silver Creek, but the boundaries of the for-
mation are not known. It is presumed, however, to be
a local accumulation about some concealed rhyolite
neck, such as the one near Greenback Gulch but prob-
ably of larger size. The evidence of intense solfataric
alteration in places on the large flat-topped mountain
south of Porphyry Peak is an indication of some sub-
jacent fissures or vents within this series.

Because of the complicated structural relations of
the rocks the total thickness of rhyolite is not known,
but at least 1,000 feet is exposed within the Bonanza
district.

PETROGRAPHY

Rhyolite—The I;etrography of the Porphyry
Peak rhyolite has been described in some detail by
Patton,?* who gives the chemical analysis reproduced

- below.

The lower part of the formation where it overlies
the Squirrel Gulch latite on the ridges west of Squir-
rel Gulch consists of lavas having a pronounced flow
structure with small crystals of glassy orthoclase (1 to
4 millimeters) and prominent flakes of brownish-
black biotite (1 to 2 millimeters) in a gray, grayish-
white, or brownish-gray groundmass. Quartz does
not occur as a phenocryst in these lower flows, but
quartz and orthoclase are the major constituents of
the groundmass. Some of these lower flows contain
a few phenocrysts of oligoclase-andesine. Small len-
ticular flat gas cavities are present in some of the,
beds. These basal flows are more latitic in composition
than the upper flows of the series but should never-

‘theless be classified as rhyolites.

The upper part of the Porphyry Peak formation is
best exposed on East and West Porphyry Peaks, at
and beyond the northern edge of the area shown on
the map. The rhyolites exposed here are light gray
to nearly white, and on East Porphyry Peak they have
a very pronounced flow structure. The rhyohte
splits in very thin slabs a foot or more in diameter.
The dips and strikes of the flow planes are not con-
stant but curve in an irregular manner.

Microscopic examination shows that the upper
members of this formation are typical rhyolites. Both
quartz and clear glassy orthoclase (sanidine) occur
as phenocrysts, usually not over 1 to 2 millimeters in

31 Patton, H. B., op. cit., pp. 23-27.
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length, but locally the orthoclase may reach 4 milli-
meters. Quartz is less common than orthoclase in
the flows. Biotite occurs in small fresh flakes with a
strong pleochroism from yellowish to dark brown.
Plagioclase is entirely lacking as phenocrysts' in the
upper members, but it may be present in some of the
indeterminable intergrowths in the groundmass.

The .groundmass of the lavas ranges in texture
from granular quartz-orthoclase intergrowths of a
poikilitic nature to spherulitic intergrowths and per-
litic obsidian. Quartz and orthoclase are the only
recognizable constituents of the groundmass, except
that a little tridymite was noted in one flow. The
(uartz in the groundmass may be partly concentrated
in lenslike streaks parallel to the flow lines. The
borders of these streaks are intergrown with pris-
matic crystals of orthoclase which lie irregularly dis-
tributed in the quartz. In other lavas the quartz and
orthoclase occur in radial spherulitic intergrowths,
in which the orthoclase forms thin radiating prisms.
Some of the spherulitic structures are so small that
the nature of the minerals forming them can not be
determined.

The chemical analysis given by Patton represents
a rhyolite from the ridge running southwest from the
summit of East Porphyry Peak and is reproduced in
the accompanying table. According to Patton this
rock has a strong flow structure and contains pheno-
crysts of sanidine, also a very few small biotite crys-
tals but no quartz phenocrysts.

Analysis of a rhyolite flow from the Porphyry Peak rhyolite ®

[Analysts, George Rohwer and E. Y. Titus]

SiO0g_ - . __. 7157 | KoO______
ALOs. ____ 16.84 | H,O— . _ ..
F8203 ..... . 63 HQO+_--_

eO__ . ... .07 | TiOo. ...
MgO._ .- 229 | Zr0,. -
CaO ...... .31 002 .......
NMO ..... 3.05 PgOg ______

Rhyolite obsidian.—Greenish, yellowish, brown, and
nearly black rhyolite obsidians are found among the
'rocks of the Porphyry Peak rhyolite. Some of the
brown obsidian appears to be in the form of thin
intrusive bodies or dikes along the southeast base of
Porphyry Peak. Other varieties, such as the green-
ish obsidians, occur either as portions of larger flows
or at their surfaces. Black obsidian containing
spherulites is found as a flow on the ridges south of
Porphyry Peak, and occurs probably in about the
middle part of the series.

These rocks have not been studied petrographically
in much detail, but a few sections made show the pres-

ence of a few small orthoclase crystals and less com- -

mon plagioclase and biotite. The texture of the

2 Patton, H. B., op. cit., p. 25.

brown obsidian is somewhat perlitic. There are all
gradations between the obsidians and the crystalline
groundmass of some of the rhyolites.

Rhyolite tuff—Rhyolite tuffs are found on Por-
phyry Peak and on the ridge north of it, beyond the
area mapped. The tuffs are white or gray and con-
tain fragments of rhyolite lava, obsidian, and frag-
mental crystals of orthoclase and quartz. Some of
the quartz is in rounded grains. The fragments are
cemented with quartz, opal, and fine amorphous
material.

ALTERATION AND MINERALIZATION

Although no deposits of ore of commercial impor-
tance have been found in the rhyolite, many parts of
the rhyolite series are intensely fissured and altered.
The most common alteration was of a solfataric nature,
in which the rhyolite was completely altered to granu-
lar quartz and alunite. This alteration was the most
intense on the road to Mears and Silver Creek, on the
west slope of the large flat-topped mountain near the
center of sec. 11, T. 47 N.,R.7 E. At this locality the
rhyolite is completely Sthlﬁed over areas 1,000 feet or
more in extent. Although the structural relations
were not worked out in detail, it is fairly certain that
some of the rhyolite on these slopes is of intrusive
origin. The alteration was probably related to some
fissure or neck through which rhyolite lavas were ex- -
truded.

At the east base of Porphyry Peak the contact be-
tween the rhyolite and the older lavas is faulted, and
bodies of intrusive rhyohte and breccia along the con-
tact are silicified. At many other places where there is
fault contact between the rhyolites and other lavas
bodies of gray or white silicified rocks are found, but
the only vein material seen was barren quartz, with a
little pyrite and limonite.

On the east slope of the mountain in the western
part of section 12 there is a strong northeastward-
trending fault within the rhyolite. The fault is poorly
exposed, but springs emerge along some parts of the
fault line and deposit limonite.

HAYDEN PEAK LATITE

GENERAL CHARACTER AND STRATIGRAPHIC RHELATIONS

The Hayden Peak latite consists of two overlapping
series of flows, largely of local origin, occurring in
their greatest. development in the southeastern part
of the district between Hayden Peak and Elkhorn
Peak. As the lavas of this series have been greatly
eroded, with the exception of the remnants near Hay-
den Peak, their original extent, thlckness and source
can not be determmed The H'Lyden Peak latite is
younger than the Rawley andesite and lies directly
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upon it near the southwest base of Hayden Peak. Two
divisions of the Hayden Peak formation can be recog-
nized—an older one with.its thickest development on
the ridges just south of Elkhorn Peak and a younger
one with its greatest development on Hayden Peak.
The older latites thin abruptly southward and under-
lie the younger latite beds on the south and west sides
of Hayden Peak. The older series of lavas consists
of dark-colored porphyritic rocks of latitic composi-
tion, some of which resemble andesites,.and contains
interbedded flows with inclusions of porphyritic latite.
Because many of the flows in this series are entirely
different from those of any other formation in the dis-
trict, the series is believed to be composed largely of
flows from some local volcanic vents. The younger
series of flows, which have their principal exposures
on the slopes of Hayden Peak, are light-colored fine-
textured latite and quartz latites with interbedded
bodies of latitic tuff and breccia. The abrupt changes
in stratigraphy found within this series further sug-
gest accumulation about some local volcanic vent or
the occurrence of faulting and erosion during their
eruption. Several thin flows resembling the Bonanza
latite, but not all typical of it, lie between the lower
and upper series and suggest the possible correlation
of ‘this middle horizon with the Bonanza latite, but
because of the entirely different nature of the asso-
ciated lavas and the lack of definite correlation, it was
considered preferable to map the entire series as a local
formation. The Hayden Peak latite has therefore
been made to include a greater thickness of beds than
was originally assigned to it by Patton,?* who mapped
‘the lower members of this formation as andesite and
Bonanza latite. ’

The Eagle Gulch latite is intruded beneath the
lower flows on Elkhorn Peak, and they are conse-
quently sharply tilted toward the southeast. The
flows on Hayden Peak are also tilted southward with
dips ranging from 30° to 45°. The relations of the
Hayden Peak latite to the Eagle Gulch latite and the
Rawley andesite, with which it is in contact, are fur-
ther complicated by faulting. ILocal fault blocks of
latite of the Hayden Peak formation are found with-
in the andesite for several miles south and west of
Hayden Peak. The lavas doubtless extend east and
southeast of Hayden Peak and Elkhorn Peak for
some distance beyond the region mapped.

The greatest thickness of the lower series of lavas
is exposed on the west slope of the high peak lying
south of Elkhorn Peak. They extend from their
lower contact to about the 11,700-foot contour on the
west slope of this peak, where they are overlain by a
series of lighter-colored latites corresponding to some
of the lower latites on Hayden Peak. At this posi-

. itic latites.

2 Patton, H. B., op. cit., pp. 38-40, pl. 1.

tion the lower latites appear to be from 500 to 800
feet thick. On Hayden Peak the upper latites may
be divided into three members—a lower series of latite
flows several hundred feet thick, a middle tuff member
which ‘is apparently a lenticular body with a maxi-
mum thickness of several hundred feet, and an upper
series of quartz latite flows occupying the crest of
Hayden Peak at least 500 feet thick. As the flows of
this formation overlap and change in thickness, the
total or average thickness of the formation is difficult
to estimate. Doubtless a considerable thickness of
flows has been eroded from above the highest lavas on
the crest of Hayden Peak. The thickness of the flows
remaining in this region is probably not less than
1,500 feet.

PETROGRAPHY

The lower latites of the ridge south of Elkhorn
Peak are greenish-gray to brown or reddish-brown
rocks having conspicuous phenocrysts of greenish-
white feldspar from 1 to 5 millimeters in size. Most
of them contain only a few small specks of altered
biotite. The groundmass of the rocks is usually dense
or felsitic and in some flows shows a weakly developed
flow banding. There are a few greenish-gray flows
exhibiting a well-developed flow structure and contain-
ing inclusions of other rocks. They are similar to
some flows underlying the latite on Hayden Peak and
are similar in texture to the Bonanza latite.

Microscopic examination shows the lower flows to
consist of true latites, quartz latites, and calcic andes-
The true latites contain phenocrysts of
andesine or oligoclase but usually none of orthoclase.
Biotite is invariably present but commonly altered to
muscovite and epidote. The groundmass is submicro-
scopic or fine grained and consists of an intergrowth
of sodic plagioclase, orthoclase, and quartz. The rocks
are very much altered, presumably because of their
position above the intrusive Eagle Gulch latite, and
they contain secondary epidote, chlorite, quartz, and
calcite. Some lavas contain hematite in the ground-,
mass and have a reddish-brown color.

The quartz latite contains abundant clear pheno-
crysts of orthoclase, many of which are broken and
fragmental. Plagioclase phenocrysts are less com-
mon and are usually andesine. The groundmass con-
sists largely of orthoclase and quartz with some plagio-
clase. Biotite is largely altered to white mica. Seri-
cite and calcite are common alteration products. ’

The more calcic latites have phenocrysts of labra-
dorite (Ang). The groundmass is brown and very

. fine or submicroscopic in texture; it contains some or-

thoclase but only a small amount of quartz. The bio-
tite is usually altered to epidote and muscovite. Mag-
netite and apatite are common as accessory minerals.



Some of the lavas contain much secondary epidote,
chlorite, and quartz.

The latites on Hayden Peak and in the down-faulted
blocks along Chloride and Greenback Gulches are
typically fine-grained, inconspicuously porphyritic
rocks of gray, blue-gray, or brownish-gray color.
Phenocrysts of both orthoclase and plagioclase are
numerous but are rarely larger than 1 or 2 milli-
meters. In some of the rocks the orthoclase has a
slightly pinkish color. Biotite occurs in small
rounded flakes or rectangular plates 0.5 to rarely 1 or
2 millimeters in length. The groundmass is fine or
dense and usually structureless but shows a flow band-
ing at a few localities. A platy fracture is developed
in the quartz latite on the crest of Hayden Peak, but
the fracture planes strike and dip in various direc-
tions and apparently bear no constant relation to the
attitude of the flow. On Hayden Peak the lavas form
talus slopes with some rock flows or landslide masses.

Microscopic examination of the flows at the base of
Hayden Peak shows that they contain orthoclase and
altered plagioclase, usually near albite in composition.
Epidote, sericite, and calcite are common as alteration
products of the feldspars. The biotite is as a rule
partly or entirely altered to chlorite. The ground-
mass is very fine grained and clouded, so that the de-
termination of its constituents is difficult. It contains
cnly a little quartz and appears to consist largely of
sodic plagioclase and orthoclase. Magnetite and apa-
tite are accessory minerals.

The lava on the crest of Hayden Peak, as seen un-
der the microscope, proves to be less altered and to
contain phenocrysts of orthoclase and andesine
(Ang.). The plagioclase is slightly zonal and is
usually mantled with oligoclase-andesine. Some of
the orthoclase has a mottled appearance, due to inter-
growth with sodic plagioclase. The groundmass con-
tains abundant quartz, nearly 25 per cent in some speci-
mens, intimately intergrown with orthoclase and form-
ing irregular poikilitic patches. Some sodic plagio-
clase is present. Magnetite, apatite, and hematite are
accessory minerals. This lava on the crest of Hayden
Peak is clearly a quartz latite and is nearer to rhyolite
in composition than the other latites.
 The latitic tuff occurring on the west slope of Hay-
\den Peak and the north slopes of North Hayden Peak
is a bluish-gray, yellowish, or nearly white rock. In
places it is rather fine, with uniform angular frag-
‘ments 0.5 to 5 millimeters in diameter, but with less
common larger fragments measuring several inches.
The fine fragments contain no feldspars, but the larger
ones are porphyritic and are similar in texture and
composition to the flow rocks. Coarse agglomeratic
beds occur here and there.
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RELATION TO ORE DEPOSITS

Ore deposits of importance have not been discov-
ered within the lavas of the Hayden Peak formation,
yet they are cut by many veins and altered fissure
zones. Many of the veins seen in this formation con-
sist mostly of barren quartz, with some manganese
oxides, probably derived from the oxidation of rhodo-
chrosite. The lack of strong mineralization within the
latite on Hayden Peak is probably due to the high
position of this formation in the lava series and its
distance from the center of mineralization rather than
to any unfavorable characteristics of the rock itself.
Evidence of both silicification and sericitization of the
latite is to be seen where the rock is fissured. The
lavas are also epidotized near contacts with the intru-
sive Eagle Gulch latite.

BREWER CREEK LATITE

" DISTRIBUTION AND STRATIGRAPHIO RELATIONS

The Brewer Creek latite is named from its typical
exposures north of Brewer Creek and westward along
its course. Within the mapped area it is confined to
a belt along the western edge of the district, extending
from a point near Mosquito Creek at the north south-
ward along the west side of Brewer and Kerber
Creeks to the vicinity of the Eagle Gulch latite. The
latite crops out intermitteritly for several miles along
Brewer Creek west of the area mapped, its exposures
alternating with those of the overlying andesite prob-
ably because of complex step faulting like that within
the district. As far north as the west branch of Ker-
ber Creek in sec. 14, T. 47 N., R. 7 E., the Brewer
Creek latite lies directly on the lavas of the Squirrel
Gulch latite, but farther north it lies upon the
Porphyry Peak rhyolite. It is overlain on Brewer
Creek by a series of andesite flows similar to those of
the Rawley andesite but of later age. In section 35,
south of Brewer Creek, there is a series of gray or
white rhyolitic lavas and tuffs of undetermined rela-
tions. These lavas are provisionally mapped with the
Brewer Creek latite, although they probably either
represent a local body of rhyolite or are fault blocks
of some rhyolitic lavas of different age. Nearly
everywhere within the district the Brewer Creek latite
is tilted westerly at angles ranging from a few de-
grees to 40°, and its outcrops are repeated by step
faulting.

The Brewer Creek latite appears to extend consid-
erably south of the area shown on the Bonanza map,
at least as far as Little Kerber Creek. On this creek,
about 2 miles up from its junction with Kerber Creek,
lavas resembling the Brewer Creek latite in general
appearance overlie glassy hornblende latites with
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prominent columnar jointing. This occurrence agrees
with its stratigraphic position on Brewer Creek, where
it overlies hornblende-biotite latites (Squirrel Gulch
latite).

The thickness of this formation is probably at least
500 feet, though tilting and complex faulting prevent
more than an approximate determination.

PETROGRAPHY

The typical Brewer Creek latite is a porphyritic
quartz-mica latite, usually of purplish-gray or brown-
ish-gray color but in places of a darker brick-red, and
on the whole gives the impression of being much oxi-
dized and altered. The series of flows of which it
consists differ in the development of flow structure,
but in some flows the structure is fairly pronounced.
A distinct platy jointing is the only prominent mani-
festation of the flow planes, and this may be evenly
developed with an inch or two to several feet between
the joint planes. :

Large outcrops of the more massive portions of the
flows weather to rounded boulders as much as several
feet in diameter. The lavas in the upper part of the
series always appear porous, owing to the presence of
small cavities. The rock is stained with limonite in
or adjacent to many of these cavities. In some places
a flow structure may be developed in the groundmass
and is emphasized by the numerous small lenticular
cavities parallel to the flow planes, but this structure
is not typical.

The lava contains abundant large phenocrysts of
rlagioclase, which is usually andesine but in some of
the basal flows is andesine-labradorite and strongly
zoned. The plagioclase crystals range in size from 2
to 12 millimeters, but most of them are between 5 and
7 millimeters. Large phenocrysts of orthoclase are
relatively uncommon. Quartz is also rare in small
round glassy grains 2 to 3 millimeters in diameter.
‘Brownish-black biotite 1 to 3 millimeters in diameter
is everywhere present, but in the brown flows is usually
altered to yellowish-brown mica and iron oxides. The
groundmass is clouded and contains andesine or other
sodic plagioclase, some orthoclase, and a little quartz.
In the upper flows tridymite is usually present and
occurs as hexagonal crystals or platy crystals with a
wedgelike twinning. It probably occurs to some ex-
tent in the clouded groundmass and is found in or
adjacent to gas cavities. The texture of the ground-
mass is trachytic to andesitic. Some of the basal
flows below the junction of Brewer and Kerber Creeks
contain a colorless augite in amounts about equal to
the biotite, but they contain no tridymite and appear
to be more calcic latites. In the southern part of the
district these platy mica latites at the base of the series
are somewhat less oxidized in appearance than the

- Squirrel Gulch latite.

upper Brewer Creek flows and for this reason are
difficult to differentiate from the upper flows of the
They are intermediate in char-
acter but were placed in the Brewer Creek formation
because of their slight but distinct oxidation and the
absénce of a black fine-grained or glassy groundmass
such as characterizes all the flows grouped under the
Squirrel Gulch formation. They appear to indicate
a gradual change in the character of flows passing
from the Squirrel Gulch series of lavas to those of the
Brewer.Creek and hence suggest the lack of any great
time interval separating the two formations,

MINERALIZATION

No commercial deposits of ore have been discovered
within the lavas of the Brewer Creek latite, but, like
the other rocks of the district, they have been sub-
jected to hydrothermal alteration along the course of
faults and fissures. Both silicification and bleaching
of the latite have occurred in the fissure walls. The
apparent absence of large veins in the formation is
presumably caused by its occurrence in an unfavor-
able position rather than by unfavorable features of
the lavas themselves. '

YOUNGER ANDESITE OF BREWER CREEXK

South of the north branch of Brewer Creek, in the
southwest corner of sec. 23, T. 47 N., R. 7 E., there is
a small exposure of andesites that are in fault con-
tact with the Brewer Creek latite. They are also
found along the main branch of Brewer Creek just
west of the limit of the area mapped. They crop
out intermittently in fault contact with the Brewer
Creek latite along Brewer Creek for a distance of
about 2 miles, to the base of the range lying west of
Bonanza. In the cirque at the head of Brewer Creek .
these andesites are overlain by light-colored latites.

The andesitic lavas are very similar in texture and
composition to the lavas of the Rawley andesite, but
conspicuously porphyritic types are somewhat mpre
abundant than in that formation. Some of the lavas
contain phenocrysts of both plagioclase and mica.
Amygdaloidal augite andesites are also found. These
lavas have not been studied in detail, as they lie for
the most part west of the Bonanza district. .Although
there is a slight possibility that they may be of the
same age as the Rawley andesite, this would require a
very abrupt westward thinning of the lavas lying
between the Rawley andesite and the Brewer Creek
latite. Pending further study, of the structure and
lava flows west of the district these andesites must be
considered to represent an eruption of lavas separate
from the Rawley andesite and to overlie the Brewer
Creek latite. : :
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INTRUSIVE ROCKS
EAGLE GULCH LATITE

GENERAL CHARAOTER AND DISTRIBUTION

A gray porphyritic quartz latite, which will be re-
ferred to in this report as the Eagle Gulch latite, a
name assigned by Patton,?* crops out in a band ex-
tending from a point near Kerber Creek at the mouth
of Eagle Gulch to the head of Elkhorn Gulch. Small
outcrops of a grayish-white porphyritic rock of simi-
lar character are found west of Kerber Creek along
the edge of the area mapped, in line with the trend
of the main body. The Eagle Gulch latite probably
does not extend much west of Kerber Creek but ap-
pears to extend northeast of Elkhorn Peak for a mile
or so, where it forms a large barren domelike moun-
tain, but the outcrops on this mountain were not ex-
amined. The eastern limit of the outcrop of the latite
is not known.

Although the Eagle Gulch latite exhibits certain
uniform characteristics, its texture has a considerable
range in detail, suggesting that the rock may not be a
simple intrusion but rather a multiple intrusion of
several facies. No uniformity in the distribution of
the rocks of different appearance could be detected.
Within the body and extending out into' the sur-
rounding formations there are a number of dikes, a
few of which are shown on Plate 1. These dikes,
though more strikingly porphyritic than the main mass
of the porphyry, are of similar composition and petro-
graphic character, and their only occurrence in the
district is in or adjacent to the Eagle Gulch latite. A
{ew small veins of pegmatite about a foot in width cut
the porphyry on the slopes facing Elkhorn Gulch.

RELATION TO OTHER FORMATIONS

Although Patton?® interpreted the Eagle Gulch
latite as an effusive lava, he pointed out that it is in
an uncertain stratigraphic position. It is found in
icontact with all the volcanic formations of the district
i;except the Porphyry Peak rhyolite and possibly the
‘Brewer Creek latite. Many of these contacts are rec-
tilinear, however, and in part they are definitely fault
contacts, although in places some contacts suggest that
the latite may have been intruded along preexisting
faults. The most definite evidence of the intrusive
character of the latite, aside from its crosscutting rela-
tions, consists of the presence of porphyry and pegma-
tite dikes in the latite, changes in grain or texture at
the contact, and the formation of epidote in rocks near
the contacts. East of Elkhorn Gulch, in the northeast
corner of sec. 31, T. 47 N., R. 8 E., epidotization has

 Patton, H. B., op. cit.,, pp. 87-38.

% Idem, p. 60.
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~occurred both in andesite and in the Eagle Gulch

latite near the contact. Farther northeast, nearer the
head of Elkhorn Gulch, a flow-banded breccia is ex-
posed at one place between the Eagle Gulch latite and
the andesite. The breccia contains fragments of latite
and a few of andesite, and the flow lines parallel the
contact of the latite and are nearly vertical. The rel-
ative positions of the rocks may be interpreted to illus-
trate the formation of an intrusive breccia at the con-
tact of the porphyry, but the gradation of the breccia
into normal latite porphyry is obscured by talus and
soil. The contact of the latite with the andesite in the
saddle north of Elkhorn Peak is clearly fissured or is
a fault contact, inasmuch as strong hydrothermal al-
teration and the formation of some vein material have
occurred along it. Southwest of Elkhorn Peak a
platy parting has been developed in the south contact
of the latite and suggests that the latite dips beneath
the overlying lavas in the form of a laccolithic intru-
sion. The steep southeastward tilting of the Hayden
Peak latite flows also favors the possibility of a wedge-
like penetration of the Eagle Gulch latite beneath the
lavas on the south flank. The contacts of the latite
along the lower parts of both Elkhorn and Eagle
Gulches are so obscured on the talus-covered slopes
that their exact nature can not be determined. The
contact along the lower part of Eagle Gulch, however,
is clearly displaced by a number of northwest-south-
east breaks. It could not be determined whether all
these displacements were formed after the intrusion of
the latite or part of them were in existence before, but
fissuring along some of them has occurred since intru-
sion. Mineralized fissures such as the Eagle fissure
are also to be found within the latite, and some definite
faulting within the intrusive body has been recognized
at other places along Eagle Gulch.

The very much, faulted and fissured condition of
the rocks with which the Eagle Gulch latite is in con-
tact, in conjunction with the scarcity of dikes of this
rock along these fault lines, indicates that a consider-
able part of the faulting took place after the intru-
sion of the latite. On the other hand, porphyry dikes
that are of similar character and are closely asso-
ciated with the latite can be traced out into the sur-
rounding formations. One such dike that cuts across
the western contact above Elkhorn Gulch has been
mapped. The dike is also displaced by still later
faults. A single dike of nearly the same color as the
Fagle Gulch latite cuts the latites of Hayden Peak
about 2,000 feet east of the Oregon tunnel. On the

" lower slopes of the mountain this dike is about 50 feet

wide and is of the same texture as the Eagle Gulch
latite, but 500 feet or so higher on the slope the dike
is narrow and exhibits a pronounced fluidal texture.
The shape and general structural relations of the
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latite indicate that it was intruded along a major
fracture in the crust, possibly at the intersection of
differentially tilted crustal blocks. The northern con-
tact appears to be the steeper, particularly along the
upper part of Elkhorn Gulch, and the abutting for-
mations do not exhibit the regular tilting away from
its edge that is shown by the lavas on the south side.

The rhyolite intrusives associated with the volcanic
neck at Greenback Gulch are of later age than the
Eagle Gulch latite. One or two dikes of this rhyolite
cut the latite near Kerber Creek.

PETROGRAPHY

Normal porphyritic quartz latite—~The Eagle Gulch
latite is typically a gray or greenish-gray porphyritic
quartz latite with abundant but somewhat inconspicu-
ous feldspar phenocrysts ranging from 3 to 8 milli-
meters in length. Biotite occurs in altered greenish
flakes 2 to 3 millimeters in diameter. Rarely a few
quartz grains are seen. The groundmass is nearly
everywhere crystalline. In the coarser phases the
larger grains in the groundmass may be 0.5 millimeter
in size, but in the finer ones the grains can hardly
be distinguished. No flow structure is present in the
rock, although it may have a platy parting parallel to
some of its contacts. Typical exposures, however,
owing to the abundant joints in the rock form angular
blocky talus fragments from several inches to a foot
or more in size.

The orthoclase phenocrysts are usually somewhat
less abundant than plagioclase and range in size in
different rocks from 2 to 8 millimeters. The ortho-
" clase is of a somewhat sodic character and in some
phases contains lamellae or ragged patches of albite
distributed throughout the crystals. Such crystals of

orthoclase have under crossed nicols a mottled appear-

ance characteristic of microperthite. In some rocks the
orthoclase is mantled with an orthoclase-plagioclase
intergrowth. The most basic plagioclase noted was
oligoclase, although Patton % reports finding labrado-
rite in one specimen. In most of the rocks examined
the plagioclase is dusty or sericitized and consists en-
tirely of albite. The cloudiness and sodic character
of much of the plagioclase may be due to some altera-
tion attending the crystallization of the magma. The
phenomenon is too widespread to be the result of some
outside agency. The brown biotite is as a rule partly
altered to chlorite. The groundmass is a granular in-
tergrowth of orthoclase, sodic plagioclase, and quartaz.
Orthoclase is the most abundant constituent, and it
may be intimately intergrown with albite, as in some
of the phenocrysts. Magnetite, apatite, -zircon, and
probably monazite occur as accessory minerals, partly

% Patton, H. B., op. ecit., p. 88.

of late introduction. Sericite, epidote, calcite, and
chlorite are common secondary minerals.

Porphyry dikes and pegmatite—In some of the
porphyry dikes associated with the Eagle Gulch latite
orthoclase in large pink phenocrysts as much as 15
millimeters long may be the most common feldspar.
Oligoclase is less abundant. A mottled appearance of
the orthoclase, due to minute lamellae of plagioclase,
ig also evident in some of the porphyries. This feature
is not seen in any of the other volcanic formations in
the district and appears to support the hypothesis of a
common origin for the Eagle Gulch latite and its
associated dikes. In one dike the plagioclase was de-
termined to be andesine. The dikes and the large
porphyry mass are similar in other petrographic de-
tails.

The pegmatites found in the Eagle Gulch latite on
the slope south of Elkhorn Gulch are composed mainly
of quartz and orthoclase, of which either may predomi-
nate. They occur as narrow dikes along joint planes
in the porphyry or as small round pipes a few inches
in diameter which have evidently replaced the por-
phyry adjacent to intersecting joints.

CHEMICAL COMPOSITION

A chemical analysis of the Eagle Gulch latite is
given in the accompanying table. It shows that the
rock is rather higher in silica than the average quartz
latite and approaches the composition of some sodic
granites.

Analysis of Eagle Gulch latite 27

[George Rohwer and E. Y. Titus, analysts]

SiO;. . ____ 67.16 | KoO__ - . 578 | SOs-___._. 0. 03

AL O;. - __ 16.03 | H,O—____ 11 | Clo__.___. None.

Fe 05 .- _. 1.67 | HoO+_-__ 64 | S________. one
eO__.__.. 1.38 | TiOg_ .- .56 | MnO____._ 1

MgO_____. 77 | 2Oy - None

CaO______ 1.62 | COpumen o .06 100. 21

NaaO _____ 4 23 P205 ...... 05

ALTERATION AND MINERALIZATION

The results of several types of alteration are dis-
tinguishable within and adjacent to the Eagle Gulch
latite. Certain minor alteration products are widely
distributed in the latite and near its contacts and are
consequently believed to have been formed by “min-:
eralizers ” that were perhaps derived from the body
of the intrusive mass during its crystallization. The
most typical results of the interaction of these miner-
alizers with the partly or completely crystallized rock
were the albitization of the plagioclase and the pro;
duction of secondary epidote. Sericite, magnetite,
chlorite, calcite, and apatite are also produced by
alteration of this type.

The later alteration associated with fissuring and
the formation of ore deposits was similar in most re-

2 Patton, H. B., op. cit., p. 44.
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spects to that occurring elsewhere throughout the
Bonanza district. The most intense kinds consisted of
silicification, sericitization, and pyritization. Silicifi-
cation of the Eagle Gulch latite in the wall of the
Eagle vein has been mentioned by those familiar with
the mine. Other alterations adjacent to the fissures
resulted in a softening of the latite similar to that
noted in the Bonanza latite. The secondary minerals
formed were sericite, chlorite, calcite, pyrite, and some
quartz. Secondary orthoclase was seen in one section
of altered Eagle Gulch latite from the wall of a fissure.

So far as known, all the veins found within the
Fagle Gulch latite are low-sulphide manganese-bearing
veins, typified by the Eagle and Oregon veins. Min-
eralization of this type was not confined to the Eagle
Gulch latite, however, but occurred throughout the
southern part of the district and so is believed to have
borne no particular genetic relation to the intrusion
of the Eagle Gulch latite, but to have been related to
a much deeper and larger body of .igneous rock of
later age.

GRANITE PORPHYRY

7z

DISTRIBUTION AND PETROGRAPHIC CHARACTER

About half a mile south of Alder Creek, near the
center of sec. 9, T. 47 N., R. 8 E., there is a small
" intrusive body of granite porphyry lying at the con-
“tact between the pre-Cambrian aplitic granite and
the lavas of the Rawley andesite, The character and
structural relations of this intrusive body and the
alteration of the adjoining rock show that it belongs
to the Tertiary igneous rocks and not to the pre-Cam-
brian complex. The volcanic rocks, the pre-Cambrian
granite, and the porphyry itself are intensely serici-
tized near its contacts.

The rock is typically a light to medium gray rock
§peck1ed with scattered black flakes of biotite. The
Eorphyritic texture is not pronounced, because of the

ranularity and color of the groundmass. The feld-
;par phenocrysts form a large proportion of the rock
and range from 2 to 6 millimeters in size. The biotite
flakes are from 1 to 2 or 3 millimeters in diameter.

Microscopic examination shows the feldspar pheno-
crysts to be largely orthoclase exhibiting a microper-
thitic texture. The plagioclase comprises sodic oligo-
clase and albite and is about one-fifth as abundant as
the orthoclase. The quartz does not occur as pheno-
crysts but in the groundmass. It is graphically inter-
grown with the orthoclase and forms about 30 per cent
of the rock. The biotite is pleochroic from greenish
brown to pale yellowish and is perfectly fresh. Ac-
cessory minerals are deep-yellow titanite, magnetite,
apatite, and zireon. The rock is a biotite granite
porphyry with a micrographic groundmass.

ALTERATION ASSOCIATED WITH THE PORPHYRY

Near the contacts of the porphyry the volcanic
rocks are intensely bleached and locally are altered to
a somewhat soft massive rock in which there is little
or no evidence of the original texture. The altered
rock is nearly white and is composed of glistening
flakes of sericite. The conversion to sericite is prac-
tically complete at some places. Similar bleached
rocks are found on the high ridge south of the por-
phyry body and in the volcanic rocks west of it repre-
sented by the stippled zones shown on Plate 1. As
some of these altered rocks lie half a mile or more
from the outcrop of the granite porphyry, they would
appear to indicate that the exposed area of the granite
porphyry represents only a small part of a much
larger concealed body. This alteration presumably
resulted from relatively volatile constituents expelled
from the granite during its consolidation.

DIORITE AND MONZONITE DIKES

A series of massive coarse-grained dark-gray or
greenish-gray rocks occur as dikes in a number of
places throughout the district. (See pl. 1.) They
are more common in the southern part of the district,
where they occupy fault fissures like the quartz latite
dikes. One fissure on the north side of Greenback
Gulch (shown on pl. 1) contains both a monzonitic
dike and a latite dike. The age of the monzonite dikes
relative to the light-colored latite dikes was not deter-
mined, but they are probably nearly if not quite con-
temporaneous. A body of hornblende-augite mon-
zonite occurs on the north side of Rawley Gulch about
a mile above Kerber Creek. It is irregular in outcrop
and was probably intruded into openings produced
during the faulting of the volcanic rocks. Its outcrop
terminates abruptly, and it is only a few hundred feet
in length.

Although the dikes vary in the character and
amounts of dark minerals, orthoclase, and -quartz,
which they contain, they are all of very similar appear-
ance and range in composition from diorites, contain-
ing only small amounts of orthoclase and quartz, to
monzonites or perhaps quartz monzonites. Some of
the monzonitic dikes in the southern part of the dis-
trict contain considerable brown mica. The grains
of the minerals composing the dikes are commonly
from 2 to 4 millimeters in diameter, and the texture
is typically granitoid and not porphyritic. '

The monzonite body of Rawley Gulch contains
andesine (An,) and a nearly equal amount of ortho-
clase. The orthoclase occurs in large plates inclosing
smaller .crystals of andesine poikilitically. A small
amount of quartz lies interstitially to the orthoclase
and plagioclase. Colorless augite and bluish-green
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bornblende are present in about equal amounts. The
hornblende is largely altered to chlorite, and the
augite is partly altered to calcite. Only a little
biotite is present. Magnetite, apatite, and zircon are
accessory minerals.

The dike that crops out on the ridge between Chlo-
ride and Greenback Gulches at the eastern edge of the
- district is dioritic in composition. The plagioclase is
about andesine (An, . ) in composition but has bor-
ders of somewhat more sodic plagioclase. A little
orthoclase and quartz occur together interstitial to the
plagioclase. Some chlorite is pseudomorphic after
hornblende, but the rock originally contained only a
little biotite. Magnetite and apatite are the common
accessory minerals. Secondary calcite, chlorite, titan-
ite, and a little sericite are present.

INTRUSIVE BODIES OF RHYOLITE AND LATITE

STRUCTURAL FEATURES AND DISTRIBUTION

Many of the faults and fissures of the district con-
tain dikes of porphyritic rocks, most of which have a
prominent fluidal or flow texture. This texture is in
general much- more striking in these small intrusive
bodies: than in any of the lava flows in the district.
The flow lines are very closely spaced and bend around
feldspars or inclusions in the rocks, and near the edges
of irregular-shaped bodies the main direction of the
flow lines almost everywhsre parallels the contacts,
even though they change abruptly in direction. In-
trusions are found in some of the larger vein fissures,
as in the Rawley fissure. Many of the narrower dikes
are intensely altered where they occupy fractures
along which later fissuring occurred and mineralizing

solutions have circulated. So far as known, all the

dikes in the district are of premineral age.

In the northern part of the district the dikes are
small with a few exceptions, such as the porphyry dike
of the Rawley fissure and a few wide dikes exposed at
the surface and shown on Plate 1. Some of these
dikes are mere narrow stringers and discontinuous
sheets from a few inches to a foot or so in width,
which have been forced into irregular openings in the
fissures, presumably by faulting movement of the walls
during intrusion. Such narrow bodies are usually
very white, largely owing to alteration, and show a
very pronounced fluidal structure. In the larger dikes
the flow structure may be lacking except along their
contacts. The longest known exposure of a dike in
the northern part of the district can be traced for about
2,500 feet on the high ridge south of the upper end of
Rawley Gulch. This dike is of latitic composition,
with phenocrysts of quartz and feldspar, and is in
places slightly vesicular. The smaller dikes in the
north do not warrant detailed description, and many

of them have not been represented on the map. Frag-
ments of rhyolite or quartz latite are of common oc-
currence in the surface débris of some of the hill slopes,
but the source of many of them is concealed. Some
dikes that are exposed in underground workings either
do not crop out or are concealed at the surface. The
“bird’s-eye ” porphyry dike of the Rawley vein is
about 20 feet in width in places and lies alongside the
vein on the 12th level, but it leaves the main fissure at
some unknown position above this level and is again
encountered in a footwall branch vein on the 700-foot
level. (See pl. 26.) The dike has not been recognized
on the surface, however, and may possibly end under-
ground. A latite porphyry dike 20 feet or more in
width is also cut by the Wheel of Fortune tunnel on
the east side of Kerber Creek near the upper end of the
town of Bonanza. The largest intrusion of rhyolitic
or latitic composition in the northern part of the dis-
trict crops out at the end of the ridge that extends
northwestward from Round Mountain. This intru-
sive body has an eastward-dipping flow structure that
parallels the contacts near the top of the ridge. The
peculiar lenslike shape of this intrusion, together with
the apparently almost vertical attitude. of its lower
part, suggests that the lava came up along steep fis-
sures and spread laterally on flatter fractures.

The relative periods of intrusion of the different
dikes in the north are not known, as intersections of
them have not been seen. Presumably they were all
intruded shortly after or during the faulting of the
formation. The presence of the small dikelike string-
ers of intrusive latite along some fissures suggests that
intrusion occurred in part during faulting, as the
stringers appear to have been too narrow and viscous
to have entered such openings in quiescent rocks by
their own pressure, particularly as they undoubtedly
came from molten bodies at great depth. -

In the southern part of the district dikes and other)'
small intrusions of irregular shape are very common.
Many of these, however, are associated with a centrall"
area of intrusive activity near Greenback Gulch. In
certain areas adjacent to this center scarcely a fault
or even a small fissure is entirely free from somedintru-
sive material.

GREENBACK GULCH VOLCANIC NECK

Centering about the lower part of Greenback Gulch
is a large necklike intrusive complex of oval outline
that may be likened to a large-scale intrusion breccia.
The central part of the complex is composed of intru-
sive bodies and ramifying dikes of rhyolite, enormous
blocks of the andesite country rock, and bodies of al-
tered breccia of indeterminable origin. The chaotic
distribution of the different rocks in this central part
and the intense hydrothermal alteration to which they
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have been subjected made it necessary to generalize
the geologic mapping and to represent a large part of
this complex by a single pattern on Plate 1. There is
little doubt that the complex represents a volcanic neck
or pipe. The vertical attitude and great number of
the dikes and fissures and the intense hydrothermal
alteration suggest that part of the lava, volatile con-
stituents, and hot mineralized waters that made their
way throufrh this broken zone reached the surface.
Extending half a mile or more on nearly all sides of
the central part are many branching and discontinu-
ous dikes, the patterns of which suggest that the lavas

were broken by some centralized force into large blocks

" that were only partly supported. Gravitative adjust-
ments of the blocks caused the temporary existence of
open spaces into which molten lava was intruded. The
intrusive lava is mostly of rhyolitic composition, but
dikes and bodies of both monzonitic and latitic char-
acter are also present.

Nearly all the intrusive bodies appear to be of the
same age, and few of them cross one another. Fur-
ther fissuring has followed the solidification of the
intrusions, but none of the dikes seem to be greatly
displaced by later faulting. The intrusive bodies
within the central part of the neck are of different
shapes, consisting of parallel and compound dikes,
radiating dikes, and larger intrusive masses of irreg-
ular shape. The mapping of the separate bodies was
impracticable because of local alteration and inade-
quate exposures of the contacts. The dikes are mostly
rhyolite or perhaps in part quartz latite, but many of
{hem have been more or less silicified and otherwise
altered so that their original composition is inde-
terminable. They are nearly all characterized by
‘prominent flow texture, and some of the rhyolite
‘dikes, particularly on the north side of Express Gulch
below the Express mine, certain spherulitic structures.
A few of the larger intrusive masses are porphyritic
and lack the flow texture of the narrow bodies. One
such body occurs on the south side of Express Gulch
below the Express mine. The spaces between many
of the dikes and the other intrusions are occupied
either by large fissured masses of andesite and latite

lava that are comparatively little altered or by bodies

~of breccia that are so completely altered that the ma-
terial of which they were formed is largely inde-
terminable. Some of the breccia is seen to have con-
tained fragments of andesite, but the matrix is com-
pletely altered. Good exposures of this breccia are
to be found on the hill between Express and Green-
back Gulches facing Kerber Creek. On this same
slope there are also a few large blocks of hornblende
gneiss. The outcrops of gneiss are discontinuous and
appear to be restricted to a fissure zone, but whether
this pre-Cambrian rock was carried upward from be-
low by an intrusion or by explosive force could not be

determined. Fissures near the mouth of Chloride
Gulch also contain fragments of red and green sand-
stone that, to judge from their lithologic character,
must have been derived from the Permian and Penn-
sylvanian sedimentary beds. Material of this nature
suggests the presence of breccia dikes within this neck,
but good exposures of such dikes were not found.

PETROGRAPHIC FEATURES

These late dikes show great variation in texture and
details of composition. No attempt will be made
here to record all the petrographic details, some of
which are unusual but of more scientific than general
interest. A general description of the appearance
and composition of the dikes will be sufficient to assist
in identifying them in the field. They range in color
from white to greenish, brownish, or bluish gray, but
the lighter-colored dikes are by far the more com-
mon. Many of them exhibit a prominent fluidal
structure, and some of these at their outcrops split into
sheets not more than a quarter of an inch thick.
Most of the dikes are porphyritic, but the phenocrysts
are rarely larger than a quarter of an inch, although
the Rawley Dike contains phenocrysts more than half
an inch in length. The feldspar phenocrysts are
rather sparingly developed, and plagioclase appears
to be everywhere more abundant than orthoclase.
Quartz is rare as a phenocryst but is found abun-
dantly as small rounded crystals in some of the dikes
of the northern part of the district. Biotite is the

‘only common dark mineral, but it is usually altered.

Most of the rocks have a felsitic groundmass, gener-
ally much altered, and a few have partly glassy bases
that are still incompletely devitrified. A few rare
varieties exhibit a granular’ groundmass thickly
crowded with spherulitic growth of feldspar, chal-
cedony, and a little quartz.

Because of their alteration it is difficult to deter-
mine the original composition of some of the dikes,
but the great majority of them appear to be quartz
latites and rhyolites.

In the more typical quartz latites and least altered
dikes the plagioclase is oligoclase or albite and is
rarely as basic as andesine. In most of the sections
studied the plagioclase is dusty albite. Orthoclase is
sparingly developed as a phenocryst but is invariably
present in the groundmass. In a few of the dikes
studied orthoclase phenocrysts are more abundant
than plagioclase. The biotite is brown where fresh
but is usually altered to chlorite or white mica. The
groundmass is commonly an intergrowth of orthoclase,
sodic plagioclase, and quartz. The quartz occurs
either in fine 1nterﬂrrowths or in small areas and
lenticular streaks.

In the rhyolitic dikes large spherulitic growths of
quartz, chalcedony, and feldspar are common. The
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spherulites range in size from small ones less than
an eighth of an inch in diameter to ones as large as a
man’s head. These large spherulitic bodies are par-
ticularly abundant in some of the dikes bordering
the lower part of Express Gulch.

ALTERATION OF THE DIKES

Nearly all the dikes occupy fault fissures, along
many of which renewal of movement has occurred
after intrusion, so that the dikes have been attacked by
the later mineralizing solutions which circulated in the
fissures. The formation of sericite and quartz and of
epidote, chlorite, and calcite is characteristic of the
alteration to which the dikes have been subjected.
Kaolin, diaspore, and alunite are other secondary min-
erals that have replaced the dike rocks locally in areas
of solfataric alteration.

In the northern part of the district sﬂlclflcatlon and
sericitization were common types of alteration. The
porphyry dike of the Rawley fissure is strongly serici-
tized and consequently much softened. Dikes occupy-

been. commonly subject to silicification.
altered. rock. adjoining Chloride, Greenback, and Ex-

press Gulches, intense solfataric alteration of the dikes
has:been a characteristic phenomenon. It was accom-

panied by the formation of kaolin, diaspore, and other |

rarer minerals such as zunyite. Sericitization and
pyritization also followed silicification in some places.
The silicification of large spherulites in some of these
dikes has produced hollow spheroidal masses that con-
tain linings of terminated quartz crystals and conse-
quently resemble geodes.

As a result of renewed movement along fissures
occupied by dikes, crushing and shearing of dikes
along their surfaces occurred in places. This favored
further attack on the dike material by mineralizing
solutions, and thick layers of gouge were formed.
Dikes within mineralized fissures are therefore likely
to have had an unfavorable effect on ore deposition.
This is noticeable alongside the porphyry dike of the
Rawley mine. Usually barren quartz and lean pyritic
ore-are found near the dikes, probably. because of the
greater ease with which these -higher-temperature
facies of the mineralization were able to penetrate
choked portions of fissured zones.

MINOR INTRUSIVE ROCKS
MICA ANDESITE DIKE

A single dike of mica andesite occurs in the north-
ern part of the district, extending from the junction of
Squirrel and Sosthenes Gulches southwestward 4,000
or 5,000 feet to the vicinity of Mahoney’s sawmill on
Kerber Creek. The dike cuts the Bonanza latite and

| place.

the Rawley andesite and to all appearances was in-
truded into these formations before faulting took
The very complicated nature of the displace-
ment from one fault block to another brings out forci-
bly the intense deformation of the rocks, which is not
so readily apparent to a casual observer. The dike at
its widest part measures nearly 100 feet. It may pos-
sibly extend in either or both directions beyond the
length mapped, but the writer was unable to find fur-
ther segments. A microscopic examination of one
thin section shows it to be essentially andesitic in com-
position. The dike is dark colored and fine grained,
resembling some of the andesite flows of the district
except for the presence of many small altered biotite
flakes. It contains scattered plagioclase phenocrysts 3
to 5 millimeters in length and many smaller ones, meas-
uring less than 1 millimeter, all of which are labra-
dorite. The groundmass is fine textured and is com-
posed of small plagioclase crystals with random orien-
tation, magnetite grains, and chlorite. Nearly all of

! ) c | the original brown biotite is altered to chlorite, and
ing fissures that are not strongly mineralized have

calcite and sericite are other alteration products in the

- rock.
i In the southern part of the district, in the area of |

LAMPROPHYRE

On the 400-foot level of the Cocomongo mine near
its north end (pl. 23) there is a small body of dark
mica-bearing rock, probably a dike intruded into one
of the fault fissures. The comparative abundance of
mica in this rock, together with the absence of feld-
spar phenocrysts and its peculiar texture, suggests
that it belongs to the lamprophyre group. Micro-
scopic examination shows that the feldspar of the rock
is probably sodic plagioclase and orthoclase, but its
exact nature is obscured by abundant secondary cal-
cite. Many of the long tabular feldspars show only
Carlsbad twinning and are grouped in shedflike forms.:
Brown biotite is the only phenocryst and occurs in
scattered groups of larger flakes and as small one
throughout the rock, but it is largely altered to chlo-
rite. Magnetite and apatlte are common accessory
minerals, and a little quartz is found in the rock. No
other rock of this character has been noted in the
district.

TRIDYMITE LATITE

Several small bodies of a brownish rock with scat-
tered phenocrysts of feldspar and mica occur near the
contact of the Brewer Creek latite with the younger
andesite, in the western part of sec. 23, T. 47 N., R.
7 BE. The shapes of these bodies suggest that they are
intruded along fault lines, but their structural rela-
tions could not be exactly determined, and they may
possibly be faulted segments of a flow lying near the
top of the Brewer Creek latite.

Microscopic study shows that the scattered pheno-
crysts, 1 to 3 millimeters in length, are largely glassy
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orthoclase, but a few consist of andesine. There is a
little fresh biotite, pleochroic from dark reddish
brown to yellowish. The groundmass of the rock is a
very fine aggregate composed chiefly of orthoclase with
a subtrachytic orientation. The groundmass contains
lenslike and rounded areas of tridymite somewhat
drawn out by the flow of the rock. Some inclusions
of a darker similar rock in the latite contain larger
areas of tridymite. No quartz could be detected. Mag-
netite, hematite, and rutile are accessory minerals.

QUATERNARY DEPOSITS

The Quaternary- deposits of the Bonanza district
comprise glacial moraines and water-laid gravel, sand,
silt, and clay. Only the larger deposits are shown on
Plate 1, as time did not permit an exhaustive study of
the unconsolidated formations. The morainal deposits
do not cover the bedrock very deeply at most places
and are confined entirely to a narrow strip of the west-
ern edge of the district.

Morainal débris was evidently deposited along the
outer edge of ice sheets extending eastward from the
Antoro Range, west of the district. There is some in-
dication that at least two epochs of glaciation are rep-
resented by these deposits, although more detailed
study is required to differentiate and map them. Thin
deposits of early morainic material on the ridgesnorth
and south of Brewer Creek extend to an altitude of a
little over 10,000 feet. There is much glacial débris
and many erratic boulders, whose source is evidently

: the. crest of the Antoro Range. The alinement of part
of these deposits indicates that the ice front had a
' north-south direction at times. Many large and small
"blocks of stagnant ice partly surrounded by morainal
débris also appear to have rested on the eastward-
facing slopes in the western part of secs. 26 and 35,
'T. 47N, R. 7 E. The thin deposits of erratic material
found on the crests of the ridges show evidence of long
'weathering, as only the most resistant boulders ap-
pear to remain.

The later moraines are confined to the sides of east-
ward-draining gulches but are more prominent west of
the district than within it. They do not reach as high
an altitude in the western part of the district as the
earlier deposits and are distinguished by the fact that
the material composing them is less weathered than
that of the early deposits found on the tops of the
ridges.

" Outwash gravel deposited in the earliest stage of
glaciation has been largely removed by interglacial
or postglacial erosion, and the only evidences of such
material noted in the district were scattered boulders
that extend possibly to a level 100 feet above the pres-
-eﬂt bottom of Kerber Creek along the east side below

Brewer Creek. Between the junction of Kerber Creek
and Copper Gulch, near the town of Bonanza, there
is also evidence of an early terrace deposit at about the
same height above the creek. '

Near Simmons Gulch and along parts of Brewer
Creek there are remnants of a higher, partly dissected
gravel terrace which evidently filled the valley of Ker-
ber Creek to a higher level than the present gravel
bottoms. Near the mouth of Simmons Gulch and on
the east side of Kerber Creek they extend from 40 to
60 feet above the present bed of Kerber Creek. The
base of a large alluvial cone consisting of gravel and
silt with some clay and corresponding to this terrace
lies west of the area shown on the topographic map
at Simmons Gulch and extends toward the Antoro
Range. The small gulches are intrenched 20 to 30
feet in this deposit. Remnants of silt deposits evi-
dently corresponding in age to these older beds are
found along some of the smaller tributary gulches.
Terraces formed during the glacial epoch may possibly
be the result of several stages of deposition, but their
levels have not been correlated. Some of the black
silt deposits into which the present gulches are partly
cut contain many pieces of sticks and peaty material.

The modern gravel along the stream bottoms con-
tains on the whole fairly well rounded pebbles, al-
though the low degree of sorting indicates deposition
during torrential stages of the streams. Along the
lower parts of Kerber Creek sand and silt are more
common. So far as known there are no -placer de-
posits in any of the alluvial material.

GEOLOGIC STRUCTURE
GENERAL FEATURES

The area covered by the two geologic maps (pls. 1
and 3) is part of a region that marks the boundary
between the strongly folded and faulted rocks of the
Sangre de Cristo Range on the east and the volcanic
rocks of the San Juan field on the west. These great
geologic units of southern Colorado are separated by
the San Luis Valley, but as the valley is filled with
late Tertiary sediments and with recent alluvial de-
posits from the erosion of the two bordering areas, the
details of its structural relations are not known.
Siebenthal ® has suggested that the San Luis Valley
is a great syncline. He says:

Correlated with the uplift of the range [Sangre de Cristo]
was a depression of the valley, apparently either by a synclinal
fold or by a great fault along the west border of the range, or
probably by a combination of the two. The details of the time
and the stages of this sequence of events must wait for final

solution until the geology of the east and west ranges is more
intimately known,

2 Siebenthal, C. E., Geology and water resources of the San Luis
Valley, Colorado: U. S. Geol. Survey Water-Supply Paper 240, pp. 34-
37, 50-54, 1910.
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So far as is known no formations older than Mio-
cene have been recognized among the Tertiary deposits
in the valley.

From a study of the complex structure in the pre-
Tertiary sedimentary rocks in the Kerber Creek
region, west of Villa Grove, and from an examination
of the western front of the Sangre de Cristo Range
in the vicinity of the Orient iron mine and at Valley
View Springs, it is evident that the portion of the
San Luis Valley north of the vicinity of Mineral Hot
Springs does not have a simple synclinal structure.
In the vicinity of Orient the Ordovician and Carbon-
iferous sedimentary rocks overlie the pre-Cambrian
rocks and dip steeply eastward beneath the west slope
of the Sangre de Cristo Range. West of this locality,
on the opposite side of the valley, in the Kerber Creek
region, the Paleozoic formations are involved with
the pre-Cambrian in a series of northwestward-strik-
ing folds essentially parallel to the trend of the Sangre
de Cristo Range in this latitude, and upon these folds
are superimposed a series of major thrust faults strik-
ing east to southeast and dipping south to southwest.
Thus, so far as can be seen from these relations, the
valley may be either anticlinal or synclinal, but in all
probability its structure is complex and, as suggested
by Siebenthal, was most likely determined by both
faulting and folding. The final determination of the
structure still awaits more detailed knowledge of that
of the bordering regions, and the above statements are
offered merely to provide a geologic setting for the dis-
cussion of the structural problems that arise in the

‘region about the Bonanza district.

West of the main part of the San Luis Valley the
‘Tertiary volcanic rocks reach to its edge and thus
obscure the structure in the pre-Tertiary basement.
However, west of the small northern extension of the
valley, along the eastern edge of what is locally called
the Saguache Hills, there is exposed a narrow border-
ing fringe of the pre-Tertiary rocks, which extend
back into the volcanic formations as reentrant areas
exposed by the erosion of eastward-flowing streams.
These areas in which the basement rocks are exposed
lie east and south of the strongly mineralized area in
the volcanic rocks of the Bonanza district. About 12
miles northwest of Bonanza and east of Sargents,
along Indian Creek, there are some further exposures
of Paleozoic sediments. Due north and northeast of
the Bonanza district, in the Marshall Pass and Poncha
Pass regions, the volcanic rocks rest directly on the
pre-Cambrian.

The small geologic map (pl. 3) shows a part of the
reentrant area along Kerber Creek and serves to indi-
cate some features of the complex structure of the
basement on which the lavas of the Bonanza district
lie. Several other small areas of pre-Cambrian are
exposed along some of the streams flowing into the

San Luis Valley east of the Bonanza district, and on
Alder Creek one tract partly within the area covered
by the Bonanza topographic map contains pre-Cam-
brian rocks but so far as known no sediments.

The main purpose for including a study of the pre-
Tertiary basement in the work on the Bonanza district
was to determine the age and thickness of such lime-
stones as might have been favorable to replacement
by ore-bearing solutions and to determine whether
the structure of the basement would permit inferences
as to the position of these limestones beneath the vol-
canic formations in the mineralized areas that lie
north and west of the fringe of exposed pre-Tertiary
rocks.

The structure in the pre-Cambrian and Paleozoic
rocks and the later Tertiary deformation in the vol-
eanic rocks present two problems that so far as the
writer is able to determine are unrelated, and in the
following discussion these problems will be dealt with
separately.

STRUCTURE OF THE PRE-TERTIARY ROCKS

STRUCTURAL RELATIONS OF THE PRE-CAMBRIAN COMPLEX
AND PALEOZOIC SEDIMENTARY FORMATIONS IN THE
KERBER CREEK REGION

GENERAL FEATURES

In the Kerber Creek region the pre-Cambrian com-
plex is overlain by Paleozoic sedimentary formations
(p- 8), which range in age from Ordovician to Per-
mian and of which a maximum thickness of about
5,000 feet is exposed within the area shown on the
geologic map. The pre-Cambrian and sedimentary
rocks are both involved in a series of folds and thrust
faults. As a result of the erosion which had cut
deeply into these formations before they were covered
by the Tertiary lavas, the Paleozoic sediments are
preserved mostly in synclinal areas and in bodies pro-
tected by the overthrusting of more resistant rocks.
Just how influential a factor the major thrust faults
have been in the preservation of the sediments in this
area can not be settled until more extensive mapping
is done, but it is rather significant that scattered out-
liers of pre-Cambrian granite occur in one of the
synclinal areas of the Maroon formation and that the
thrusting has been of sufficient magnitude to affect the

-normal strike and dip of the formations over a large

part of the area studied. A few dikes and perhaps
some porphyry sheets are associated with the sedi-
ments, but all of those seen are small.

It is probable that the pre-Cambrian and Paleozoic
rocks exposed along Kerber Creek were involved to
some extent in the intense Tertiary deformation that
had its maximum development in the central part of
the Bonanza district, but in the short time devoted to
the study of this area it was not possible to differenti-
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ate completely the effects of pre-Tertiary and Tertiary
faulting. ‘

The main structural features of the pre-Tertiary
rocks appear to have been developed by deformations
at two independent times. The first deformation pro-
duced unsymmetrical anticlines and synclines of north-
northwest trend, broken by overthrusts parallel to their
strikes. The second deformation developed a group
of large overthrusts of general east-west trend which
have overriden the earlier folds obliquely, thrusting
the older formations northward and locally distorting
the folded structure of the first stage.

FOLDING AND ASSOCIATED FAULTING

The most evident features of the northerly folds are
two main synclines with an intervening central anti-
cline. There is, however, an eastern anticline, only
partly shown on the map, and some suggestion of a
western anticline near Little Kerber Creek.

The eastern anticline, the pre-Cambrian core of
which is exposed in Clayton Cone, extends north of
Kerber Creek in a direction about N. 36° W. and
finally disappears under the lavas about 4 miles north
of the creek. The syncline to the west of this, com-
prising the broad area of Maroon formation, will be
referred to as the Clayton syncline. The pre-Cam-
brian core of the central anticline is exposed in the
area north of the southward bow in Kerber Creek.
West of the central anticline but largely concealed by
the volcanic flows and cut off to the south by the Ker-
ber thrust is the western synclinal area, which will be
called the Kerber Creek syncline. The western anti-
cline is only suggested by the eastward dip of the sedi-
mentary beds between Columbia Gulch and Little Ker-
ber Creek and except for this eastern limb is entirely
covered by the volcanic flows to the west. The strike
of the formations here is about N. 35° W., which ap-
pears to be the more normal undisturbed regional
trend. An anticlinal arch very probably exists to the
west, however.

Both the eastern anticline and the central anticline
appear to be plunging to the south, although the rate
of this plunge appears to have been locally much steep-
\e-ned by the effects of thrust faulting. At the south
end of the eastern anticline, less than'a mile southeast

f Clayton Cone, the crest of the pre-Cambrian core

lunges under the Paleozoic sediments, which here dip

outhward rather more abruptly than would be ex-
ected from the normal pitch of the anticline. The
ediments within a short distance are covered by the
ecent alluvial deposits, which obscure the cause of

'ih.is abrupt change in their dip.

. The central anticline is clearly asymmetrical, the
eastern limb dipping from 25° to about 85° and the
western limb from 50° to 90°. The western limb is
overthrust along a nearly horizontal fault plane, the

Tomichi limestone at the northern extension of the
thrust lying on the lower Maroon, while at the south
near the Kerber Creek Road the lowest Maroon beds
and Kerber formation lie upon the upper Maroon.
The horizontal westward movement on this overthrust
is approximately 2,000 feet, and it can be traced north
of the edge of the Kerber Creek Valley for about
4,000 feet, at this point dying out or becoming lost in
the pre-Cambrian granite. (See section A-A’, pl. 3.)

The structure of the northern part of the eastern
anticline can only be inferred, as the pre-Cambrian
core is the only part exposed norih of Kerber Creek.
The Clayton syncline narrows northward, the Kerber
formation on the west limb holding a north to slightly
northwest strike. North of Kerber Creek, in the cen-
tral part of the syncline, the middle Maroon beds dip
about 40° E. beneath the pre-Cambrian granite. Un-
less the dip of the beds on the east side of the syncline
is nearly vertical there is not sufficient width for the
3,000 feet of sediments that should be concealed under
the wash between this outcrop of the Maroon beds and -
the granite to the east. As inferred from these ex-
posures and by analogy with the asymmetrical over-
thrust character of the central anticline, it appears
that the pre-Cambrian core of the eastern anticline is
also thrust over its western limb, the thrust playing
out southward and hinging or pivoting on a point near
Clayton Cone. The interpretation of the structure of
the eastern anticline and the Clayton syncline is shown
in section A-A’, Plate 3.

KERBER THRUST FAULTS

Besides the overthrust faulting genetically associ-
ated with the development of the folds, thrust faults
of later age and of much greater magnitude are rep-
resented by a group of faults in the southern part of
the mapped area. There are also a number of outliers
of pre-Cambrian granite bounded by faults with cir-
cular outcrop and resting upon the upper Maroon beds
above the junction of Kerber and Little Kerber Creeks.
The trend of the thrust planes is roughly east, and the
general dip of the thrust planes is southward, ranging

“from a few degrees to perhaps as high as 50°. These

overthrusts are oblique to the overthrust folds in strike
and dip.. Three main lobes of the Kerber thrust group
were discovered in mapping the area, but they have
not. all been completely mapped. The western lobe,
which is also the southernmost of the group, is south
of and parallels the lower course of Little Kerber
Creek. Its western extension is concealed beneath
younger volcanic rocks. South of Kerber Creek it
curves from an easterly to a southeasterly course, which
has been traced for a mile or more. What was thought
to be the eastward extension of this lobe was found
about 314 miles south of Clayton Cone. There it
strikes about S. 70°-80° E. and continues in this direc-
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tion to the edge of the San Luis Valley, northwest of
Mineral Hot Springs, where it is covered by the Recent
alluvial deposits. If it crosses the valley it has not
been recognized on the west slope of the Sangre de
Cristo Range in line with its strike. There is a possi-
bility that it may turn southward and lie buried under
the late Tertiary and alluvial deposits of the valley.
If so, the cause of the local deflection of this thrusting
movement is at present unknown. The total exposed
length of this lobe, including its eastward extension,
is about 6 miles. Throughout its length the coarse-
grained pre-Cambrian granite forms the upper block,
and the upper or middle part of the Maroon formation
strikes approximately parallel to the outcrop of the
thrust plane and dips from 40° to 55° beneath the
granite.

The central lobe is composed of the large mountain
that lies south of the bend of Kerber Creek. The top
of this mountain is a prominent topographic feature
and reaches an altitude of about 9,530 feet. The
northwest slope is composed of pre-Cambrian granite,
which is overlain on the western ridge of the mountain
by the Tomichi limestone in its normal position but
dipping south, out of alinement with its normal west-
erly dip north of Kerber Creek. The northeast slope
of the mountain is composed of a confusing succession
and repetition of the Paleozoic limestones and quartz-
ites which appear to lie nearly horizontal or dip
gently to the south. The structure of this part of the
lobe could not be deciphered in the time allotted to
the mapping of this area.

The eastern lobe of the thrust comprises the high
ridge that extends southward from Kerber Creek
along the eastern front of the Saguache Hills and
faces the San Luis Valley. (See pl. 4, B.) The fault
bounding this block was not traced eastward to the
end of its exposure. Its western or southwestern
termination appears to pass beneath the western lobe
of the series. At the north-central part of this east-
ern lobe there is a minor block of the Paleozoic lime-
stones lying between the granite of the upper block

. and the westward-dipping Maroon beds of the under-
lying block.

Where the force of the overriding block of the
Kerber thrust has impinged against the south ends of
the central anticline and the Kerber Creek syncline,
the direction of strike of the sedimentary formations
has been turned sharply from its regional trend of
N. 35°-40° W. to nearly due west, parallel to the
thrust plane. The southward-dipping block of sedi-
ments on the northeast side of the central lobe evi-
dently represents what prior to the thrusting was a
portion of the western limb of the central anticline.
This block has been thrust northeastward and over
the Maroon formation, which crops out around its
northeast side and dips about 12° to 15° beneath it.

" where these undergo sharp changes in strike.
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At the northeast edge of the block the lower limestones
and quartzites are repeated many times by a series of
minor thrusts, which evidently branch upward from
the main thrust plane. This same repetition of the
lower formations is also shown at the north end of the
eastern lobe of the Kerber thrust. These small blocks
probably represent portions of the eastern limb of the
central anticline, this anticline having been overturned
toward the east and its pre-Cambrian core thrust
partly over the eastern limb. The effect of the Kerber
thrust has been to produce secondary folding and bed-
ding-plane faults in advance of and under the over-
riding block.

Another structural feature associated with the
northern central lobe of the thrust is a transverse
fault or “ flaw ” striking about N. 15° W., the bound-
ing blocks of which seem to have undergone differen-
tial deformation and movement, although the exact
nature and amount of this difference were not deter-
mined. The northeast slope of the mountain across
which the fault passes is characterized by a jumbled
series of fault blocks in which the Ordovician beds
and possibly part of the Carboniferous limestones are
repeated many times. It is apparent, however, from
the distribution of the pre-Cambrian and faulted
Paleozoic rocks that the transverse fault is associated
with the thrust faulting and probably does not ex-
ténd much deeper than the base of the major thrust
planes. The interpretation of its relation to the
thrusting is shown in section C-C’, Plate 8.

The small isolated remnants or outliers of a fault
plane found near the junction of Kerber and Little
Kerber Creeks present some characteristics unlike
those of the thrust planes just described, and are be-
lieved to represent an independent thrust fault. All
the fault planes in the three lobes described are rela-
tively inconspicuous but are generally characterized
by slickensided fragments along their outcrops and by
slickensides indicating bedding-plane thrusts in the
Maroon formation in advance of the main thrusts.
The formations nearly everywhere strike and dip ap-
proximately paralle]l to the main thrust planes, even
The
outlying thrust, on the other hand, is characterized
by a fault breccia from 20 to 30 feet in thickness above
the sole or base of the thrust, while the strike and dip
of the Maroon formation underlying the fault vary
widely from those of the fault plane. The breccia-
tion in the pre-Cambrian granite is very striking, and
the movement and friction on the sole of the thrust
have ground the granite blocks together and incorpo-
rated fragments of the Maroon beds into the breccia
at least 3 to 5 feet above the base of the fault. The
outliers north of Kerber Creek indicate a nearly east-
west strike and a southerly dip of about 15° to 25°;
the strike and dip of the fault in the block exposed
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between Little Kerber and Kerber Creeks are not

determinable, although the fault plane appears to lie.

nearly horizontal. The fault breccia here is also very
pronounced and probably of even greater thickness
than north of the creek. It is believed that this fault
plane represents an older and perhaps more shallow
break than those of the three southern lobes, the pre-
Cambrian granite having ridden northward over the
central portion of the Kerber Creek syncline along a
nearly horizontal fault plane. The southern part of
this fault plane was later thrust upward by the ad-
vance of the southern blocks and the northern part
was perhaps slightly folded or warped. The sup-
posed relations of the faults are shown in secmon
B-B’, Plate 3.

The geologic map indicates that the large area of
the Maroon formation south of Kerber and Little
Kerber Creeks and north of the western lobe of the
Kerber thrust has a strike of N. 60° W. to N. 70° E.
and dips 45° to 60° S. beneath the thrust plane. North
of Kerber Creek, however, the Maroon beds forming
the western limb of the central anticline have a more
nearly normal northwest strike and very high west-
ward dips, from 70° to 90°. In order to account for
this change in strike and for the repetition of the beds
in the upper part of the Maroon formation, which
appear to be present both north and south of the creek,

it seems necessary to infer another fault approximately

in the position of Little Kerber Creek. There is no
actual evidence of its presence in the field other than
the structural features just mentioned, however, as
the structure in the valleys of the creeks is completely
hidden by alluvial deposits. This hypothetical fault
is indicated on the map and in section B-B’, Plate 3,
by a broken line with question marks.

Another interpretation of these small outlying
thrust blocks also appears possible, if it is inferred
that a second transverse fault of north-south strike
had existed near the western termination of the south-
ern lobe.
remnants of a body of granite which moved northward
over a nearly horizontal fault plane, being bounded
on the east by the nearly vertical transverse fault.
The northward continuation of such a fault should
appear somewhere on the slopes north of Kerber Creek
unless it had been entirely eroded with the overthrust
block. However, no evidence was seen that a trans-
verse fault existed here.

INDIAN CREEK EXPOSURES

In the valley uf Indian Creek, which lies about 12
miles northwest of Bonanza and a little east of Sar-
gents (see fig. 1), there is an exposure of the Paleozoic
sedimentary rocks which, though hardly permitting
any inferences to be drawn regarding their connection

The small outliers would then represent |
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with those east and south of Bonanza, offers some ad-
ditional evidence of the regional trend of the folding
in this part of Colorado. B. S. Butler, of the United
States Geological Survey, called the writer’s atten-
tion to this area and supplied the data on Whlch this
description is based.

The sedimentary rocks appear from under the Ter-
tiary lavas about one-third of a mile above the mouth
of Indian Creek where it joins Marshall Creek.
Where they first appear only the lower series of lime-
stones is present, and as the pre-Cambrian is not ex-
posed the thickness of the limestones could not be .
determined. The general strike of the limestones is
N. 30° to 40° W., with a dip of about 10° SW. Far-
ther up the stream the dip reverses, the beds being
tilted gently to the northeast, and the overlying sand-
stones and grits of the Kerber and Maroon appear
about 3 miles from the mouth of the creek.

CONCLUSIONS

In all probability the northwestward-striking folds
ir: the pre-Tertiary rocks are related in origin to the
early Tertiary folding of the Rocky Mountains in
Colorado. The folding is clearly post-Carboniferous
and prevolcanic, but further than this it can not be
placed. The east-west thrust faults are somewhat but
perhaps not much younger and appear to be geneti-
cally unrelated to the anticlinal folding and its asso-
ciated overthrusts, but they are also prevolcanic.
These major thrusts may be tentatively correlated
with the thrust faulting observed in other parts of
the Colorado Rockies, which Lovering ?* has recently
shown to be in the Williams Range section post-Lance
and probably Wasatch in age.

BEARING OF THE STRUCTURE ON MINERALIZATION IN
SEDIMENTARY ROCKS BENEATH THE LAVAS

Although so far as known there has been no miner-
alization of commercial importance in the sedimentary
rocks exposed near Kerber Creek, replaceable rock
that extended beneath the lavas within the mineralized
area of the Bonanza district would offer some possi-
bility of containing bodies of ore. The first consid-
eration, however, in such a conjecture is the possibility
of one or the other of the large synclines extending
uninterruptedly beneath the district. The northwest-
erly trend of the Kerber Creek syncline agrees closely
with the N. 30°-40° W. trend of the sedimentary
rocks exposed along Indian Creek east of Sargents.
The mineralized part of the Bonanza district lies
partly between these two widely separated exposures.
If the Kerber Creek syncline were projected northwest-
ward beneath the lavas of the Bonanza district its

2 Lovering, T. 8., Williams thrust fault [abstract] : Geol. Soc. Amer-
ica Bull, vol. 39, pp. 173-174, 1928,
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trough would be alined closely with the lower part of
Kerber Creek. (See pl. 3.) In the volcanic neck at
Chloride Gulch (p. 35) fragments of pre-Cambrian
gneiss and sandstones of the Maroon formation were
found along fissures. Although the fragments of
sandstone were few they offer some corroborative
evidence that the Kerber Creek syncline may extend
northwestward along Kerber Creek at least as far
north as Chloride Gulch. It is singular, however,
that although some rather large blocks of pre-Cam-
brian gneiss were found within the volcanic complex
only small fragments of sedimentary rocks were dis-
covered. However, as the alteration was very intense
in this vicinity, the original nature of many of the
fragmental rocks that compose parts of the complex
has been completely destroyed. ,

The presence of these several large thrust faults
near Kerber Creek, whatever their relation may be to
the general structure of the pre-Tertiary rocks, un-
doubtedly signifies the presence of some major shear
in the crust which may extend beneath the lavas in a
westerly or northwesterly direction. Additional thrust
planes may even lie completely covered beneath the
lavas of the Bonanza district. Thus, while the north-
westward-trending folds along Kerber Creek agree
rather closely in trend with the sedimentary exposures
on Indian Creek, the assumption that the direction of
the folds continues undisturbed beneath the Bonanza
district is hardly warranted in view of the existence
of these large thrust faults. On the whole, perhaps
the evidence supports the extension of the Kerber
Creek syncline as far northwestward as has been indi-
cated on Plate 3. It should be clearly understood,
however, that the position of the boundaries indicated
i entirely hypothetical, as the syncline may widen or
narrow northwestward. v

The Clayton syncline, to judge by the nearly north-
south trend of its western-limb where it disappears
beneath the lavas, seems to be narrowing abruptly

toward the north. It also seems possible that the east-

ern limb has been overridden by the granite along
the thrust fault that is presumed to form its eastern
boundary. The trend of the eastern anticline is alined
approximately with the exposure of the pre-Cambrian
basement on Alder Creek. The evidence thus suggests
a northward narrowing of the Clayton syncline as in-
dicated on the map, although the eastern edge of the
syncline may lie partly beneath overthrust pre-Cam-
brian granite. .

The Kerber Creek syncline accordingly appears to
be the most favorably -situated and to have the trend
that would carry replaceable beds beneath the miner-
alized areas. The southern part of the district, how-
ever, is the least strongly mineralized, and the prob-
able character of mineralization, if any, at a depth of

1,000 to 2,000 feet beneath the surface is entirely be-
yond geologic prediction. On the assumption that
strong mineralization within the sedimentary rocks is
possible, the lower part of the sedimentary section con-
tains the most favorable beds for replacement, because
of the predominance of easily replaceable limestones.
Near the central part of the Kerber Creek syncline the
most favorable beds would accordingly lie at very great
depths beneath the surface, because all the overlying
Permian red beds would occupy the central part
of the trough. Therefore explorations to reach favor-
able beds within a minimum depth must necessarily be
made near the eastern and western boundaries of the
syncline. This limitation greatly narrows the areas
where explorations beneath the lavas could be made,
except at great expense.

Further evidence having a bearing on the possibility
that the mineralizing solutions have attacked the un-
derlying limestones is afforded by the E. D. vein, near
Kerber Creek, which contains dolomite and other mag-
nesium and iron-bearing carbonates associated with
pyrite. (See p. 104.) As magnesium is a compara-
tively uncommon constituent of the vein carbonates of
this district, it may be inferred that this magnesium
was derived from silicification or other hydrothermal
metamorphism of underlying dolomitic limestones.
But this in itself does not indicate the deposition of
ore, however great the importance given to this evi-
dence. There must also have been other favorable
structural conditions, and the solutions must have orig-
inally contained metals other than iron—features that
can not be ascertained with the evidence at hand.

STRUCTURE OF THE TERTIARY VOLCANIC ROCKS
. GENERAL RELATIONS

The structural history of the region in which the

‘Bonanza district lies is closely tied up with the history

of igneous intrusion and mineralization. The main
elements that have produced the present structure of
the district consist of the arching and tilting of the
formations, the igneous intrusions, and the faulting.
It appears reasonably clear that these elements are all
closely interrelated and were part of a single cycle of
deformation. The occurrence of areas of complex
faulting and fissuring accompanied by mineralization
has been commonly recognized in volcanic regions, and
the causes of these processes have been variously cor-
related with the upthrusting force of bodies of molten
rock beneath the surface, or gravitational adjustment
attending the transfer of lava from one position to
another within the crust, or the extrusion of lava to
the surface. The lava flows of this region, which once
lay essentially horizontal, are now tilted in various di-
rections and intricately dissected by faults and fissures.
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The cycle of deformation in the Bonanza district is
believed to have been initiated by the intrusion of a
large body of molten lava within the crust, probably
at a depth of several thousand feet. The crust was
consequently bulged upward, blocks of it were tilted
in different directions, and these movements were ac-
companied by further injections and uprising of the
lava. Eventually the rising lava broke through to the
surface and may have in part escaped laterally from
the underlying reservoir. The consequent loss of its
pressure appears to have caused the bulged mantle of
rocks to sink back, and because of their lack of solid
support they were intensely broken and fissured. The
lava beneath entered many of the openings thus
formed, and these small intrusives are now exposed
by erosion, but the main intrusive body is still con-
cealed beneath the surface. It is presumed that dur-
ing the solidification and cooling of this remaining
lava water and other volatile constituents with dis-
solved material, including the heavy metals, were
given off and forced outward through the fissures.
Some faulting and readjustments of the rocks contin-
ued throughout and after the period of ore formation.
As the essential features of such intense crustal dis-
turbances are often concealed in a maze of minor or
accessory details, the correct interpretation of the
structure is commonly very difficult. This difficulty
is further increased in the Bonanza district by the
scarcity of good horizon markers in the volcanic series
and by the comparative poorness of the exposures and
‘the presence of rank vegetation over large parts of
the district. Furthermore, the opportunities for solv-
ing structural problems by underground observation
in the district are meager, because of the small amount
of development, only a few of the larger mines being
oxtensive enough or deep enough to assist in the solu-
tion of major fault problems.
the Rawley and Cocomongo mines have, however, been
of material aid in understanding certain essential fea-
tures of the faulting. The purpose of this section is
in the main to describe and interpret the essential fea-
tures of the structure. Many secondary kinds of
“faulting and fracturing that have exerted perhaps
equal influence on ore deposition will be discussed in
«connection with the occurrence of ore.

A visualization of the general nature and extent of
the faulting and tilting of the rocks may be obtained
from the geologic map and sections, but only by obser-
vations in the field or underground can the full com-
plexity of the structure be realized. The data on
which the structural and geologic mapping of the
district are based were obtained to a great extent
either at the surface or at very moderate depths. A
great many faults in the district afford no data on
their displacement, largely because of the absence of
recognizable hotizons in their walls. For this reason

The developments of-

faults and fissures have been represented on the areal
geologic map by the same symbol. A large propor-
tion of the fissures so mapped are actually fault fis-
sures, although the displacements of some of them
may be small.

It is therefore emphasized that in many parts of the
district the data are not sufficient to warrant the con-
struction of very accurate cross sections representing
the extension of structural features in depth. The
sections given represent the best interpretation that
could be made with the available data and should be
used with this limitation in mind, especially in those
areas where underground workings do not supple-
ment the surface observations. :

FAULTING
RECOGNITION OF FAULTING

The recognition of faulting as an influential element

-in the structure of the district has been very much

hindered by the nature of the volcanic accumulations
as well as by the comparatively poor exposures. The
change in stratigraphy of the volcanic succession.
from place to place is roughly illustrated by the
columnar section of Figure 3. It is certain, however,
that many actual variations in the thickness of indi-
vidual formations are not known. As the Rawley
andesite covers much of the mineralized area where
critical data on the faulting are desired, attempts
were made to subdivide the formation into smaller
stratigraphic units suitable for mapping, but the re-
sults were unsatisfactory. The Bonanza latite, the
base of which lies 1,500 or 2,000 feet above the base of
the volcanic section, consequently proved to be the
lowest stratigraphic unit satisfactory for determining
structural details; it therefore furnishes the key hori-
zon for the structure over a large part of the district.
Tn fact, one of the main features that first draws
attention to the complexity of the faulting is the wide-
spread repetition of the highly tilted basal part of the
Bonanza latite. (See pl. 7.)

As the boundaries of formations are mapped in de-
tail the rectilinear nature of the contacts becomes
evident, and examination of mine workings further
confirms the conclusion that the rocks are intensely
fractured and broken by systems of closely spaced
faults. Naturally a great many more fractures and
faults may be recognized in the underground workings
than at the surface, where only those faults that are
conspicuous by reason of separating distinctive rocks
or by some other feature can be traced with any de-
gree of assurance. Criteria other than a distinctive
change in the rocks for the recognition of fault or
fracture planes at the surface are of three kinds—evi-
dence of hydrothermal alteration with or without the
formation of vein material, the presence of dikes in-
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truded into the fault fissures, and the topographic
expression of the faulted structure.

The value of evidence of hydrothermal alteration
as a means of tracing fault outcrops is dependent
upon the fact that the main parts of the systems of
fault fractures were in existence when hydrothermal
alteration and mineralization began. Alteration of
walls of faults and fissures as seen at the surface pro-
duced results of two kinds—a softening and bleach-
ing of the rocks, caused by the formation of sericite
and carbonates, and a silicification of the walls, form-
ing a zone of jasper. The first kind has a negative
topographic expression, because the altered rock is
softer than the surrounding unaltered rock; the sec-
ond kind formed a hard, resistant rock that commonly
crops out prominently if conditions are at all favor-
able. The intensity of either type of alteration and
the amount of vein material change along the fault
plane, so that prominent altered zones may be found
only intermittently along the course of an outcrop.
Prospect pits or more extensive explorations are in
raany places the only means by which fault zones may
be located where they traverse heavily covered talus
slopes. ‘ -

Dikes intruded into fault fissures are probably much
more common in the northern part of the district than

is indicated on the areal geologic map. . Small amounts °

of dike material are commonly found in the float on
talus-covered slopes or in exposures too small to per-
mit their being mapped in proper relation. Dikes
that are exposed in mine workings either may not
extend to the surface or are not recognizable in the
altered and weathered outcrop. The porphyry dike
of the Rawley vein, which is very prominent in the
lower levels of the mine, has never been discovered at
the surface. In the southern part of the district, in
the area surrounding the volcanic neck of Greenback
Gulch, the dikes intruded along fractures and faults
are extremely abundant and constitute the main struc-
tural features. The mineralized fissures are of later
age, though they partly follow preexisting fault lines
or dike walls.

The topographic expression of the fault and fissure
outcrops assumes a variety of forms. Where the rocks
brought into contact have an unequal resistance to
weathering and disintegration the outcrop of the fault
line will be indicated by a more or less prominent scarp
or by a line of intermittent outcrops of the more re-
sistant rock. The basal flow of the Bonanza latite,
unless much sheared and altered, is a particularly mas-
sive rock and where faulted into contact with the Raw-
ley andesite usually forms the more prominent out-
crops. The complicated structure of the outcropping
bedrock has exerted consequently a very pronounced

influence on the minor features of the topography. On

many débris-covered slopes that otherwise lack any
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expression of the bedrock structure isolated knobs of
some resistant rock may crop out and are usually
found to be complexly jointed, so that their shape is
controlled by intersecting fault systems or major joints.
Where the faults cross spur ridges they are commonly
well marked by depressions or saddles and less com-
monly by ridges of silicified rock, but on the lower
slopes they are almost invariably concealed. Definite
correlation of fissures over long distances is in conse-
quence usually impossible. The determination of
major faults that interrupt fissure zones is of great
importance, for they have in many places exerted a
marked influence on the localization of ore bodies. The
commonest indication of major faults at the surface
is the change in general structural relations at the
faults. Changes of this nature are encountered along
the course of many gulches and larger washes, indi-
cating the tendency toward more rapid erosion ofthe
weaker fractured zones. Rawley Gulch, for example,
above the outcrop of the Rawley vein follows closely
the course of the Paragon fault zone. The mapping
of the extensions, intersections, and endings of many
fissures that crop out on the surface has involved a
considerable amount of personal interpretation, be-
cause the junction of fissures commonly forms a broken
zone that is poorly exposed. _

The criteria for the recognition of faulting reviewed
in the foregoing paragraphs deal with those features
that have a special bearing in this district. The com-
mon accompaniments of faulting, such as shearing and
crushing of the rocks in the walls of the faults and the
formation of gouge and fault striae, are also of aid in
conjunction with other evidence.

GENERAL FEATURES

The faults recognized in the Bonanza district in-
volve both normal and reverse displacement of the
walls; but the normal faults, in which the hanging
wall has moved down with respect to the footwall, ap-
pear to be the more common. For the most part the
fault systems and accompanying fractures indicate
that the stresses producing them were of shearing or
tensional nature produced by gravitation, and that
horizontally acting compressional stresses were of sec-
cndary importance. It is to be expected, however, that
in a region that has undergone widespread gravita-
tional adjustment of fault blocks great variations in
the proportion of compressional and tensional stresses
should have been developed. In order to obtain a clear
analysis of the kinds of faults, a classification on the
basis of these different stresses would be desirable, but
as this can be accomplished only in part, the. faults
must” first be considered largely according to their
geometric features.

More than 200 faults and fissures recorded from
about 14,000 feet of underground crosscut workings
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in the northern part of the district are plotted in
Plate 8, @, which is so constructed as to show the
relation between the strikes and the dips of fracture
planes. The faults and fissures recorded are not en-
tirely random observations but represent an essentially
complete record from longer tunnels, such as the Raw-
ley drainage tunnel, the Shawmut Tunnel, and the
Antoro Tunnel. The distribution of the tunnels is,
of course, erratic, but they are believed to give a fair
sample of the fracture systems in the north-central
part of the district. As the statistical value of such
diagrams depends to a great extent upon the length
and direction of the tunnels as compared to the fault
pattern, the limitations of inferences based solely upon
them must be fully realized. About 70 per cent of
these fractures dip toward the eastern quadrants of
the compass, a feature that may have some signifi-
cance, because in the northern part of the district
most of the larger faults are a series of step faults,
the downthrown side of which is toward the east.

There are two factors that may possibly have a bear-
ing on the abundance of low-angle faults: One is the
curvature of fault surfaces in a vertical plane, result-
ing in a flattening of dip with depth, and the other is .
the change in dips of faults caused by tilting of fault
blocks. These two factors may also be in a way
partly related, for it is obvious that displacements on
curved fault surfaces may result in a tilting of fault
blocks. Most of the fault blocks in the northern part
of the district have been subjected to a westward
tilting, which would tend to cause a flattening of
eastward-dipping faults and possibly a reversal of
steep westward dips.

Reliable information as to the main direction of
movement can be obtained on very few fault planes.
In some gouge zones striations in several directions
can be seen. The pitch of striations observed ranges
from 34° to directly down the dip. Evidently, there-
fore, there was some horizontal component of move-

‘ment in the faulting, but it is believed to have been

(See cross sections, pl. 2.) 100
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number of observations is plotted against the cor-
responding group of dip readings, each group repre-
senting a range of 5°. From these records it has been
‘determined that the average dip of all fault planes
recorded underground is between 59° and 60°, and
the figure shows further that the dips most com-
monly recorded are between 45° and 60°.
the features of the faulting in the district obtained
from general observation is the large proportion of
fractures of comparatively low dip. Of the 270
faults represented by this figure, 24 per cent lie
w1th1n a dip range between 15° and 45°, and nearly
40 per cent range between 15° and 50°. As shown
\y Plate 8, the average dip of the faults in the north-
east and southeast quadrants is approximately 57°,

and those in the northwest and southwest quad-,

rants average about 64°—that is, the eastward dips
are on the whole flatter than the westward dips.

One of

subordinate in general to the vertical movement.
Changes in strike of formations occurring at cross
faults may be due to rotation of blocks on axes essen-
tially normal to the bounding fault plane, thus intro-
ducing a horizontal component of displacement on this
plane. Such changes of strike, though commonly
small, are very abundant in the district. ' ,

Although the surface of a fault is often referred to
as a fault “ plane,” such a surface is rarely flat. The
curvature and irregularities of fault surfaces are prob-
ably related both to the character of the rock traversed
and to the nature of the stress that produced the
rupture. Many irregularities are to be found in the
fracture and fault surfaces in the district.

As for a large proportion of the faults the displace-
ments of the. walls are unknown or only approximately
known, a comprehensive classification of them can be
made only according to the shape of the fault surface
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and its relation to a horizontal datum plane. The
field evidence indicates the presence of fault blocks
bounded by both regularly and irregularly curved sur-
faces, but on the other hand some fractures have re-
markably regular strike and dip. A fairly regular
curvature in a horizontal plane, such as would be seen
if the fault cropped out on a flat surface, is fairly well
shown by some of the faults in the district, particu-
larly those in the northwestern part. On the areal
map the effect of curvature due to topography and that
of actual curvature of the fault must be differentiated.
Consequently the lack of underground exploration in
much of this part of the district prevents a critical
study of such curvature, but its existence can hardly
be doubted. This is partly shown by the fact that the
calculated "dips of many faults determined by their
intersection with the topographic surface fail to accord
~'with other field evidence as to the actual dips of the
fault surface. Regular curvature in a vertical plane
or-in the dip of faults is proved to exist in a few
places by exploration of mineralized faults in depth,
but as extensive workings are required to demonstrate
such curvature unless it is very pronounced, the con-
_ditions in the district are generally unfavorable for
~ such observations. Nevertheless, for convenience of
discussion of these characteristics the faults will be
separated into three classes—(1) high-angle faults
(dips greater than 45°), (2) low-angle faults (dips
less than 45°), and (8) faults of curved dip.?°

HIGH-ANGLE FAULTS

GENERAL FEATURES

High-angle faults of both normal and reverse dis-
placement represent the most common kinds in the
district, but where the evidence is clear normal dis-
placement of the walls is récognized most frequently.
The main cause of the normal or tensional faulting
was presumably the differential effect of the force of
gravity, but the upward thrust of underlying bodies
of lava was possibly a local factor.

Structure sections taken in an east-west direction
through the northern part of the district as repre-
sented by sections A-A’, B-B’, C-C’, and E-E’,
Plate 3, show that the rocks are broken by a north-
south fault system that has thrown the fault blocks
downward in steps toward the east. The relation,
however, is not entirely as simple as this statement
would indicate, owing to the fact that the beds in each
block are steeply tilted, in parts at exceptionally high
angles, toward the west, and the corresponding strati-
graphic horizons assume a higher altitude in going
from west to east. Thus the structure as it now stands

30 See Willis, Bailey, Geologic structures, p. 68, New York, 1923.
Willis introduces the terms “ low angle” and “ high angle” to desig-

nate faults of which the exact origin is in doubt or the nature of

whose extension in depth is not known.

suggests the progressive collapse of a tilted or domed
section of the crust. The initial form of the crustal
bulge prior to this normal faulting is a matter of spec-
ulation and will be considered in later paragraphs.
Sections constructed in a north-south direction, such
as section D-D’, Plate 8, show that the east-west fault
system steps the fault blocks downward toward the
southeast. South of the Eagle Gulch latite, however,
there is a tendency for the northwestward-striking
faults in the vicinity of Hayden Peak to throw blocks
down toward the northeast. However, the displace-
ments of faults in the region of Hayden Peak are diffi-
cult to determine, because of the slight knowledge of
the variation in stratigraphy of the local volcanic ac-
cumulations; furthermore, irregular block faulting re-
lated to the intrusion of the Eagle Gulch latite and of
the volcanic neck centering near Greenback Gulch con-
siderably complicates the local structure.

The effect of the two main systems of faults in the
north is to produce a fault pattern in which the down-
throws of the two systems are combined. There are
many complications in the local details, however, as
all the faults can not be placed definitely in one sys-
tem or the other, and there are also many exceptions
to the general direction of downthrow. Probably
during the collapse of the initial structure the rocks
were broken into many small blocks, which during
later gravitative adjustment moved to some extent
singly or in independent groups so that the present
features of the faulting have not entirely resulted
from the intersection of distinct fault systems of defi-
nite age and trend. It is found that in one part of
the district a north-south system of faults has been
rather consistently displaced by northeasterly or
northwesterly faults, whereas in another part of the
district a different relation between the systems ap-
pears to exist. Many faults, particularly perhaps
those of smaller displacement, terminate against trans-
verse faults. The problem of the relation of different
fault sets to one another is of great importance to
mining development, and as the mineralization of the
faults and fissures is so closely tied up with the his-
tory of the faulting, the discussion of different areas,
in order to avoid needless repetition, will be presented
in the section on the relation of mineralization and
faulting. (See pp. 88-91.)

SUNKEN WEDGE FAULTING

One probably significant type of high-angle fault-
ing is that illustrated near Alder Creek, in the north-
eastern part of the district, where fault blocks of one
formation are inlaid into another formation by inter-
secting sets of steep faults. This same type of fault-
ing is represented in certain areas throughout the
north-central and southern parts of the district. An
interpretation of the section across the Alder Creek
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area is shown by section A-A’, Plate 3. The field
condifions suggest that the faulting of this nature is
in part of the sunken-wedge or keystone type. Sev-
eral such dropped wedges lie within a border zone
where the prevailing dips of ccustal blocks are under-
going change. The dropped block of Bonanza latite
shown near the middle of section A~A’ lies in a bor-
der zone between a region of nearly horizontal fault
blocks on the east and a region of fault blocks tilted
30°-50° NW. on the northwest.

A similar change in dip of the fault blocks is shown
between the western and eastern parts of sections
B-B’ and C-C’. In the zone where the sharpest
change in tilt occurs downthrown blocks of the wedge
type are also in evidence. The zone of strongest min-
eralization in the northern part of the district is com-
paratively narrow and long, taking a curving path
from the Joe Wheeler mine southwestward to Round
Mountain and thence practically due south to Rawley
Gulch near the Rawley and Whale veins. South of
Rawley Gulch the zone is less well defined and wider
and swings southwestward again toward Kerber
Creek, where it appears to end. Whether this min-
eralized zone bears any relation to the structural zone
within which the fault blocks have undergone their
sharpest change in dip is worthy of consideration.
From Alder Creek to Rawley Gulch the coincidence be-
tween the zones as to both position and width is very
suggestive. Southwest of Rawley Gulch the change in
structure is less sharply defined, and the mineralized
zone is correspondingly wider. The sinking of wedge-
shaped fault blocks that taper downward is generally
explained on an assumption of tensional conditions in
the crust, such as is commonly held to occur along the
crest of an arch or bulge in rigid or competent rocks.
| (See fig. 5.) Zones of bending, if they involved suf-
ficiently thick blocks, would contain open fractures in
‘the upper parts of the blocks that would provide most
favorable places for the deposition of ore bodies. The
actual deposition of ore would depend also upon the
existence of deeper channels permitting the access of
mineralizing solutions and vapors of igneous origin.
Strong alteration of the fissured rocks in this area is
sufficient evidence of the access of mineralizing solu-
tions, but the intense and closely spaced fracturing of
the rocks appears to have caused the distribution of
tensional openings throughout a wide zone and thus
has in most places favored the formation of many
small openings rather than a fewer number of larger
ones. Therefore the most favorable conditions are not
generally fulfilled.

HIGH-ANGLE SHEAR FAULTING

In contrast to this tensional type of faults are other
kinds of high-angle faults, whose origin is of more
speculative nature but is probably related to condi-

tions of both tension and compression. Such faults
are shown in a zone that lies west of the border zone
described above and extends from the region of the
pre-Cambrian * outecrop near the head of Squirrel
Gulch essentially due south to the junction of Kerber
and Brewer Creeks. At the north the zone is prob-
ably about a mile in width, but it widens southward to
a maximum of about 2 miles and then narrows
abruptly to a strip along the west side of Brewer
Creek. Throughout this area the rocks are.not only
intensely faulted but are tilted westward at angles
of 40° to 75°. The most prominent faults have a di-
rection north-south in general but vary considerably
to each side of this trend. The interpretation of
the structure in this area is shown in sections B-B’
and C-C’, although the representation of the exten-
sions of the faults in depth lacks the support of under-
ground observation. Exploratory work on veins in
these areas is not as extensive as elsewhere, apparently
because the character of the fissuring and of the rocks

Ficure 5.—Formation of a zone of maximum ten-
sional conditions within a series of fault blocks
tilted at different angles

is less favorable to the formation of gapping fractures.
There are several features by which the faults in this
zone differ from those in the border zone to the east.
The fault pattern suggests the presence of fault blocks

“bounded by somewhat curved surfaces, and the highly

tilted flows are sheared parallel to many of the north-
south faults. Nearly all the surface flows involved in
the faulting of this zone exhibit a prominent flow
structure, and the direction of shearing of the rocks
is noticeably influenced by their structure. Several

. of the sheared fault zones also dip westward, and

where the flows are tilted to very high angles these
shear faults essentially coincide in strike and dip
with the tilted lavas. Structure of this type is best
seen near the upper part of Squirrel Gulch and on the
north side of Bear Gulch. :

As the same general direction of downthrow toward
the east is to be seen in the westward-dipping shear
faults, it is evident that these are essentially reverse
faults. Their displacement can only be inferred
from the surface relations, nevertheless the overlap-
ping or imbrication of long, narrow wedges of andes-
ite, latite, and other rocks indicates displacements of
raany hundreds of feet. Further evidence that the
displacements on these faults are very great is also:
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given by the erratic displacement of a faulted dike
that extends southwestward from a point near the
junction of Squirrel Gulch and Sosthenes Gulch.
(See pl. 1.) The several outcrops of pre-Cambrian
gneiss within this zone near the head of Squirrel
Gulch suggest two possible conditions—these outcrops
mark the position of a hill or mountain of the under-
lying basement, or they imply displacements of the
upfaulted blocks of several thousand feet. Regard-
less of either interpretation, the field evidence shows
that the present contacts are faults of fairly large
displacement, as otherwise exposures of the under-
lying basement would be more numerous or larger.

500 0 590

Gravity fault
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Fraurp 6.—Hypothetical conception of the structure of a major fault zone on Squirrel Gulch

The high-angle eastward-dipping faults of this zone
are of normal displacement and indicate that at some
stage in the deformation crustal extension took place.
On the other hand, the high-angle westward-dipping
faults, which show the same direction of downthrow,
are reverse faults and suggest crustal shortening.
The origin of these opposed types of faults and the
relation between them have not been determined, as
surface exposures are not adequate to solve the prob-
lem definitely. There appear to be several possible
explanations of the origin of these faults, although
they all lead to the consideration of hypothetical re-
. lations between the general structure of the region
and the minor features of this zone.

Figure 6 presents a section of a complexly faulted
zone across Squirrel Gulch about half a mile above
the Rawley mill. The structural conditions at the
surface shown by this section are known to be cor-
rect as to general features, and the dips of some of
the faults where they crop out are approximately
known, but the underground extension of the struc-
ture is by necessity hypothetical. ,

The large normal fault along the east side of Squir-
rel Gulch is exposed in places and is characterized by
a strong silicified breccia zone. Its dip is eastward or
nearly vertical, but an average eastward dip of 60°
shown by the normal faults was assumed in the
diagram. The footwall block is an-
desite, which is exposed in the val-
ley floor, and the hanging-wall
block is the Bonanza latite, which
has a steep westerly tilt. Plate 7,
A and B, shows the hanging-wall
fault block as it appears looking up
the valley and a close-up view show-
ing the highly tilted and sheared
. condition of the Bonanza latite.
The latite is much broken and
faulted by shear fractures dipping
55°-70° W. The conditions show
that the lavas have been sheared
along surfaces that tend to follow
the lines of greatest weakness in the
rock—that is, the partings parallel
to the flow structure. As there is
no evidence that regional compres-
sion of the crust was the dominant
cause of the major structure of the
region, this shearing must be ex-|
plained presumably by conditions-
existing during the settling and
faulting of the crust under the force
of gravity. The development of
shearing stress in the walls of nor-
mal faults, under vertical pressure
caused by gravitation, has been
recognized by some geologists as a common condition.
Willis ** has analyzed the mechanics of this condition.

There is a further tendency for surfaces of shear
where appreciable deformation occurs to be progres-
sively deflected by the formation of secondary shears;
therefore a curved surface of faulting would result
from such shearing under favorable conditions. If
we assume that in addition to the vertically acting
gravitation, the rocks involved here also became sub-
ject at certain stages in the deformation to compres-
sive forces acting tangentially, then conditions would
be especially favorable to the development and extreme
deflection of shearing faults until they dipped at

31 Willis, Bailey, Geologic structures, p. 173, figz. 89, New York, 1923,
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lower and lower angles. In this manner compres-
sional stresses would be relieved along these shear
faults by actual shortening of the section.

There are numerous features of the local and re-
gional structure that accord with such an interpreta-
tion of the origin of these shears. The coincidence of
the zones of highly tilted lavas with the observed
shearing implies a fundamental relation between them.
It is furthermore improbable that the present steep
tilts of the lavas represent the original attitudes of
these flows prior to faulting. ~This point will be fur-
ther considered in connection with the relation of tilt-
ing and faulting. It is easily shown that movement
on curved fault surfaces will result in the rotation of
fault blocks about an axis paralleling the curved sur-
face, as is illustrated in Figure 7, B. The tilting of the
fault blocks in the Squirrel Gulch section is in the
right direction to have been caused by such curved
shear faults. The tangential compression could hardly
find relief by reverse movements on steep eastward-
dipping normal faults. The friction on these steep
faults would be too great, and reverse movement
would also be opposed by the general tendency shown
by the fault blocks to fault progressively downward
toward the east. On the other hand, westward-dip-
ping shear faults would have afforded relief simultane-
ously both for the tangential compression and for the
gravitational adjustment that continued to take place.

If the fault surfaces were curved and the blocks in-
volved were tilted during displacement the crustal
shortening might be accomplished in one or two ways—
by the shortening that naturally accompanies certain

" kinds of reverse faulting, and by the rotation of nar-
row fault blocks so that the width and area of this
section of the crust is reduced and its thickness cor-
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FIGURD 7.~Ti]?ing of voleanic formations caus?d by curvature

of the fault surface (A) in normal gravity faults and (B) in

reverse shear faults
respondingly increased.” The shearing of a fault block
that results in a series of overlapping slabs tends to
increase one of its dimensions and reduce the other, as
is illustrated in Figure 8. Such structure, known as
imbricate structure, has been commonly recognized in
regions of intense horizontal compression, but it may
readily .develop under proper conditions of highly
inclined stresses.

This hypothesis of origin of the structure is based
in part on the supposition that tangential compression
was developed as an accompaniment of gravity fault-
ing. The first stage in the development of the present
structure of the region appears to have been the intru-
sion of lava into the shallow part of the crust, causing
it to tilt and bulge upward; the later settling of this
bulge would possibly lead to the formation of compres-
sional stress, on the
principle of a sub-
siding arch. Such
compressional stress
would be caused by
the accommodation
of the rocks to the
decreased length of
the arch as it sub-
sided, and the stress
would consequently
be relieved by fail-
ure and would only
be of temporary ex-
istence. However,
in order for the arch
to be supported by
the surrounding
rocks and by the
molten rock beneath, certain tangential compressive
stresses must exist permanently on the flanks of the
arched structure. The cause for the existence of this
tangential compression may be deduced by a considera-
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Ficure 8.—Change in dimensions of
blocks by displacements on a series of
shear faults

tion of Figure 9. The pressure P represents the pres-

sure of the intrusion, which would act essentially at
right angles to the sides of the body because of the hy-
drostatic nature of this force. Because of the inherent
weakness of rocks the arch could not remain if there
were a large void in place of the intrusive body, and
the weight (W) of the overlying rocks must therefore
be supported by the outward pressure of the magma.
The direction of the force P exerted by the magma
would, of course, vary with the shape of the body, but
would not generally be parallel with W, and a result-
ant tangential force, R, must then exist. This would
tend to make the rocks slide down the flanks. If the
rocks do not slide and equilibrium is attained tangen-
tial compression will then be developed equal to R.
The exact direction of this resultant, R, will depend
upon the magnitude of P and W and upon the direc-
tion of P, but in general the resultant force will have a
large component tangentially to the arch. This com-
pression will be cumulative on the flanks of the lacco-
lith and will consequently be at a maximum near the
edge. In some favorable position near the edge the
compression might attain a magnitude that would have
an appreciable influence on the fracturing and defor-
mation of the rocks. Above the center of the laccolith
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this tangential force would be at a minimum, and
more simple tensional forces would control the frac-
turing of the rocks. A very simple relation has been
assumed in Figure 9—namely, that the forces P, W,
and R all act through one point—but this would not
in general be true, and as a consequence rotational
force might be produced by the intrusion in addition to
the simple tangential compression. ‘
The field relations in the Bonanza district show the
existence of a zone of tilted and sheared rocks along
the edge of the west flank of the uplifted area (fig. 10),
and it was also shown in the discussion of high-angle
faults that evidence of greater tension is found to the
east of this near the central part of the structure.

Thus the general interpretation set forth above agrees’

with the relations found in the field so far as the
positions of the zones of shearing and tension are

concerned.
LOW-ANGLE FAULTS

Low-angle faults are of common occurrence in the
district, but it is difficult to determine the relative

FIoURre 9.—An interpretation of certain stresses developed in the rocks above a laccolithic

intrusion

direction of movement of the walls of many of them.
Some of the best exposed, however, have proved to be
pormal faults in which the hanging wall hasslid down
over the footwall. A common characteristic of such
faults is the thick gouge zones, which appear to have
nearly filled large openings that may have tempo-
rarily existed, although these are also filled to some
extent with ore. Plate 7, D, shows a photograph of
the low-angle Exchequer fault, where the zone of

altered gouge and crushed rock is 3 to 5 feet thick.

Tiven thicker sheared zones, reaching 15 to 20 feet in
width, are found along other mineralized faults, of
which the Cocomongo fault -of the Cocomongo mine
and the Clark fault of the Rawley drainage tunnel are
cxamples. These physical characteristics of the faults
imply either that the fault surfaces were uneven and
subject to great pressure during movement, that the
displacements were large, or that all of these factors
were effective. The low angle of dip of the faults is,
of course, favorable to the development of great pres-
sure between the surfaces in contact, as the force of
gravitation is more nearly normal to them. If we
assume that these low-angle faults had a constant dip

throughout their extent, the occurrence of normal

faulting along their surfaces is difficult to explain. If
such faults were only minor fractures, they might be

_range.

regarded as of little significance, but in many of them
the displacement is known to be large. Near the Ex-
chequer fault the Bonanza latite is much broken and
blocks in the footwall are locally tilted, indicating
that the fault is a zone of considerable dislocation.
The Cocomongo fault is a low-angle fault of at least
several hundred feet displacement; moreover, this
fault flattens downward from a dip of 40°—48° near
the surface to 20°-25° at a depth of 400 feet. Cross
sections of this fault are shown in Plate 28, and the
details of its structure are described on pages 95-96
and 117-118.

. Other typical examples of mineralized low-angle
faults that have been explored are the Rico fault,
dipping 25°-30° SE., the Hanover fault, dipping
28°-35° E., the Poverty fault of the Antoro tunnel,
dipping about 35° N., and the Black Bess fault, dip-
ping 40° E. Large numbers of unmineralized faults
of this range are also exposed in crosscut tunnels. Of
the 270 fissures and faults recorded in Figure 4, 24
per cent have dips of less than 45° and about 16 per
cent have dips of less than 40°. -The
lowest dips recorded are near 20°. As
the records shown in this figure give a
systematic cross section of several long
tunnels and smaller crosscuts represent-
ing about 14,000 feet, the proportion of
low-angle fissures is probably fairly rep-
resentative for the north-central part of
the district. Faults having a dip be-
tween 45° and 50°, which come close to the arbitrary
division set between high-angle and low-angle faults,
are more numerous than those of any other equal dip’
An inspection of Figure 5 shows that most
of these dip southeast or northeast.

The origin and present attitude of these faults may
be explained as due either to flattening and fraying
cut of high-angle faults in depth or to tilting of
fault planes that were initially steeper. If the upper
parts of these fault surfaces had steeper dips the
weight of the hanging-wall block would be trans-
mitted more effectively to cause movement on the
flatter portion of the fracture. The hanging-wall
block under these conditions would naturally be tilted
toward the fault surface. (See fig. 7, A.) Faulting
of this type is similar to that recognized in the more
superficial faults of landslide origin; whether or not
it occurs in deeper-seated movements of the erust is
a matter of speculation, but so far as known te the
writer no examples have been described. Itis obvious,
however, that if the radius of curvature were great,
so that the flattening occurred through a range of
several thousand feet vertically, ordinary under-
ground explorations would rarely detect such curva-
ture. As 3,000 or 4,000 feet represents about the ini-
tial cover over the parts of the district in which faults
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are now exposed it is possible that most of the flat
faults represent the roots or terminations of displace-
ments starting at nearly vertical angles from the orig-
inal surface. Most of the flat faults have a dip to-
ward the eastern quadrants of the compass, which is
the general direction in which the fault blocks may
be presumed to have moved during the gravitational
sinking. The tendency of the greater proportion of
the fault blocks in the north-central part of the dis-
trict to be displaced progressively downward toward
the east and to be tilted westward indicates that some
relatively uniform condition of stress existed through-
out this part of the district. The evidence for the
existence of vertically acting stress, probably to a large
extent of gravitational origin, has already been given.

The formation of a comparatively large proportion
of low-angle dislocations may be considered evidence
that in addition some horizontal or nearly horizontal
stresses of appreciable magnitude also existed. The
deformation of the rocks may have been such that
they tended to move horizontally eastward to equalize
the loss of lava from the central part of the uplift.
The fraying out of high-angle faults in depth to low-
angle eastward-dipping breaks would afford relief for
such stresses. A smaller number of low-angle faults
dip west and under such conditions are possibly re-
verse faults, but in none of them has the exact direc-
tion of displacement been determined. As it appears
fairly certain that the fault blocks were tilted west-
ward to some degree during faulting, the tilting of
fault planes must have taken place at the same time.
Certainly the low angle of average easterly dip 1s due
in part to this tilting, but it is not due entirely to this
cause. .

Several low-angle faults were seen where the strati-
' graphic relation between the hanging wall and foot-
“wall rocks appeared to indicate a reverse displacement,
] but nowhere could reverse displacement be definitely
'established. One example of such a relation was seen
in the central part of sec. 5, T. 47 N., R.' 8 E., north-
jwest of the Joe Wheeler mine, in the northeastem
part of the district, where the Rawley andesite appears
to be thrust Westward over the Bonanza latite. The
fault plane coincides approximately with the north-
east slope of the ridge and dips about 20° E. The
fault is marked by strong silicification of the andesite
and latite and is apparently broken by later high-
angle faults. The full extent of the fault could not be
determined.

TILTING OF THE VOLCANIC FORMATIONS

In some parts of the district the determination of
the dip of the formations is a matter of some diffi-
culty. The tracing of contacts between different lavas
iy; the most satisfactory method, but these contacts are
commonly faulted and partly concealed. Within the

Rawley andesite the mapping of certain distinctive
flows, such as the latites or of breccia beds that are
interbedded in this formation serves to give the gen-
eral tilt of the fault blocks. Although the flow planes
are commonly not accurate guides to the attitude of
beds of lava, the flow lines and accompanying sheeted
structure in the Bonanza latite were found to be ap-
proximately parallel to its basal contact. Moreover,
this latite is repeated a great many times in the dis-
trict by faulting, and observations on many fault
blocks in certain parts of the district covering several
square miles are so consistent as to eliminate the pos-
sibility that the flow lines do not everywhere corre-
spond with the attitude of the beds. The attitude of
the Squirrel Gulch latite can be determined in some’
places by thin flows near the base or by the columnar
jointing, which in general stands at right angles to the
surfaces of the flows, although local variations are to
be found. A general correspondence between the tex-
tural features of the flows and their attitude is also
found in some lavas near the base of the Hayden
Peak latite and the Brewer Creek latite. On the other
hand, the rhyolite lavas of Porphyry Peak contain
extremely distorted and curved flow lines, so that the
attitude of the flows in this part of the district could
be determined only from contacts between different
lavas.

A key map of the main structural features of the
district showmg the general tilting of the fault blocks
is given in Figure 10. The tilts represent those of in-
dividual fault blocks and not those of the larger
crustal blocks as a whole. Within the area ma.pped
there are evidently at least three distinctive major
blocks in which the lavas show similar directions of
tilting. In the central part of the district the lavas
strike north and dip west, although the strike may
locally diverge 10° to 20° from the general trend.
Southeast of the Eagle Gulch latite the la<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>