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ABSTRACT
The Tomichi mining district is on the westera slope of the Contin-
ental Divide near the southern end of the Sawatch Range in southeastern
Gunnison County, Colorado. The most productive part of the Tomichi dis-

trict was the Whitepine area. It is estimated that since the discovery

i % 1 ’ / ihd s
.

-

of ore in 1879 th;Zaééa.ha; produced .approximately $7,000,000, principally
in lead and zinc, with lesser amounts of silver, copper, and gold.

Geologically, the Whitepine area is a faulted syncline of Paleozoic
rocks that was intruded by Tertiary igneous rocks, The oldest rock of
the area is the Silver Plume granite of gréifambrian age, Deposited upon
this successively were the Sawatch quartzite (Late Cambrian), Manitou
dolomite (Early Ordovicifgd), Harding quartzite (Middle Ordovician), Fremont
dolomite (Late Ordovician), Chaffee formation (Late Devonian), Leadville
limestone (Late Mississippian), and Beldon shale (Late Pennsylvanian); a
total thickness of about 1,450 feet,.

During the Laramide Revolution, the sedimentary rocks were folded
into a broad northward-plunging syncline, faulted, and intruded by a
series of igneous rocks. The igneous rocks, in order of relative age
from oldest to youngest, are: a rhyolite scéck, the Princeton quartz
monzonite batholith, quartz monzonite or quartz latite porphyry dikes,
and rhyolite or pitchstone porphyry dikes,

The ore depas its of the Whitepine area may be classified into re-
placement deposits, vein deposits, and contact metamorphic deposits.
The replacement deposits may be further subdivided into deposits along
faults and bedded deposits., Of the types of deposits, the most product-

ive have been the replacement deposits along faults. The major

replacement deposits along faults are those of the Akron, Morning Star,
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and Victor mines, The ore deposits of these mines are in the foot
wall of the Star faultg in the Akron mine in the Manitou dolomite and
in the Morning Star and Victor mines in the Leadville limestone. The
chief bedded replacement deposits are those of the Erie, North Star,
and Tenderfoot mines. In the Erie mine the ore deposits are in the
Leadville limestone at, or just below, its contact with the Belden shale.
In the North Star and Tenderfoot mines the ore bodies ﬁre in the
Manitou dolomite along the crest of an anticline and the trough of a
syncline, respectively, The vein deposits occur in the Silver Plume
granite, Princeton quartz monzZonite, and Paleozoic sedimentary rocks.
The only vein of commercial importance was that of the Spar Copper mine,
which 1s in the Silver Plume granite. Contact metamorphic minerals are
found chiefly in the top of the Leadville limestone in the vicinity of
the Erie mine, and in the limestone of the Belden shale., Magnetite is
the only ore mineral and it was produced only from the Iron King mine,
The replacement deposits consist, in general, of sphalerite, galena,
pyrite, and chalcopyrite in a gangue of silicified limestone or dolomite,
quartz, and calcite, The veins, for the mosg part, cogsist of pyrite
and quartz with only minor amounts‘of galena, sphalerite, and chalco-
pyrite. 1In both types of deposits gold is believed to be associated
with the pyrite and Sphaleritg,and silver with the galena. Oxidized ore
was the chief product of the early mining. This ore consists. of
calamine, cerussite, smithsonite, or anglesite, or a combination of these
minerals, in a gangue of siliceous limonite or silicified limestone or
dolomite. Oxidation did not extend, in most cases, for more than 150

feat below the surface,
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The ore deposits are believed to be genetically related to the
Princeton quartz monzonite batholith, Ore-bearing solutions derived
from the cooling of magma are believed to have migrated upwards along
the pre-existing faults replacing favorable zones in the sedimentary

rocks, or depositing quartz and ore minerals in open fissures in the

igneous rocks,



INTRODUCTION

Location and accessibility, - The Whitepine area comprises

about 2 square miles near the southerm end of the Tomichi mining
district in the Sawatch Range in Gunnison County, Coloradoe. The
Tomichi mining district has no definite limits but is approximately
that area of the Sawatch Range drained by the headwaters of Tomichi
Creek: The Sawatch Range, one of the principal ranges of the
Colorado Rocky Mountains, extends from about the latitude of Salida,
Colorado, at the south to that of Gilman, Colorado, on the north

(Fig. 1).

The only inhabited town within the area is the town of White-
pine, which, for the most ptrt.‘ is owned by the Callahan Zinc-
Lead Company and maintained by them for use of their employees.
A few buildings remain of the old town of North Star near the
center of the mapped area.

A gravel road from Whitepine, maintained by the County,

goes south for about seven miles where it joins State Highway 328.

This State Highway extends south seven more miles and joins
U. 8. Highway 50, about one mile east of Sargents, Colorado. At
the junction of the Whitepine road with State Highway 328 is another

gravel road, from the east, maintained during the summer months

S
dedeal

by the United States Forest Service, that goes over old Monarch



Pass, near the south end of the Sawatch Range, and joins U. S,
Highway 50 about one mile below, or east, of what is now called
Monarch Pass (formerly called Agate Pass). U. S. Highway 50 is
the main road between Salida and Gunnison, Colorado. Whitepine,
via State Highway 328 and U. 3. Highway 50, is about 45 miles
from Salida and 47 miles from Gunnison. The nearest standard
gauge railroad station is at Salida on the main line of the Denver
and Rio Grande Western Banroa& betwsen Pueblo, Colorada and

Salt Lake City, Utah.

Topography and drainage. The topography is typical of that

of glaciated mountain areas. The altitudes range from about 9,700
feet along the Tomichi Creek Valley to about 1ll,500 feet at the top

of Lake Hill, The area lies on the western slope of the Continental

ﬁivido about one mile west of the crest. As the r‘snltof glaciation,

the valley floors are relatively broad and choked with debris deposited

by the glaciers. The valley walls are steep but the crests of the

ridges and tops of the hills which, except for Lake Hill, were

overridden by the glaciers, are relatively smooth and rounded.
Drainage of the area is by Tomichi Creek, a tribikry of

the Gunnison River. Other than Tomichi Creek, there are only

two permanent streams in the aroa:'Gahu Creek, which cuts

across the center of the area, and Spring Creek, which forms the

southern boundary of the area.




Climate and vegetation. The climate of the area is typical

of the mountainous districts of Colorado. During the summers the
days are temperate but frost may occur at night. Thunder showers
during the days are common. Snow starts falling in September and
falls at intervals until May, the heaviest snows usually coming at
the first of the year. The snow begins to melt in May and by July
is gone, except locally in the heavy timber on the north slopes.
Most of the area is heavily timbered, particularly the north
slopes, by second and even third growths. Only locally, as on the
long ridge north of Lake Hill and on the western slope of Lake Hill,
ia there any opea ground. Most of the trees are evergreens,
chiefly lodgepole pine and Englemann spruce. Aspens are locally
abundant and occur in dense groves, as along Galena Creek in
vicinity of the old town of North Star. Willows and alders grow

along the stream valleys.

Field work and acknowledgments. The field work upon which

this report is based was done between June and September of 1949,
All the surface mapping and most of the underground mapping were
done at this time. Additional underground mapping, primarily in
keeping the mine maps up to date, was done in 1950 to 1952, In

1949 the author was assisted by D. H. Whitebread who is responsible

for the topography.



This work was part of a project of mapping the geology of the
Garfield 15-minute quadrangle, which extends fromn latitude 38° 30
to 38° 45' and longitude 106° 15' to 106° 30'. This work was done
by the United States Geological Survey in cooperation with the
Colorado Geological Survey Board and the Colorado State Metal
Mining FuI;d1 "",fhe. project was under the supervision of McClelland
G. Dings of the United States Geological Survey who contributed
considerable time and advice, both in the field and the laboratory,
towards the completion of this work. A report on the geology and
ore deposits of the Garfield quadrangle, incorporating part of the
work on the Whitepine area, by M. G. Dings and C. S. Robinson
j};as_-b;-en prepare di;fo.x.-puhlica.tion-«br»wthem Ynited- States Geological
\S.u;xm.».‘éﬂmﬁwiﬁmie,asion&,-ﬁwg;ﬂ

The author also wishes to acknowledge the help of the staff
and employees of the Callahan Zinc-L.ead Company, in particular,
J. E. Dunn, John Botelho, and K. K. Hood, who furnished the bases
for most of the mine maps, made available the report by P. J.

Shenon and R. P. Full (1946), and gave permission for publication

of the mine and production data.

Previous work. The most significant work in this area

prior to the present investigation was that of R. D. Crawford's on
the Monarch and Tomichi districts, which was published in 1913 as

Bulletin 4 of the Colorado Geological Survey. The only other



specific geologic report published containing information on this
area was that of Harder (1909) who describes the iron-ore deposits.
P. J. Shenon and R. P. Full (1946) after a brief visit and examina-~
tion of the area submitted a private report as consultants to the
Callahan Zinc-lL.ead Company. Their report was particularly
useful in that it gave maps and descriptions of much of the mine
workings inaccessible to the author.

At the end of this report is a list of the references used
in preparing this report. This includes all the principal publica-
tions that relate directly to the geology of the Whitepine area,
plus some that deal with the geologic features of the surrounding

area.



GENERAL GEOLOGY

The Whitepine area of the Tomichi mining district is
essentially the west limb of a northward-plunging syncline that has
been faulted and intruded by igneous rocks. The oldest formation
in the area is the Silver Plume granite of grcf;éambrhn age. The
Sawatch quartzite, of Cambrian age,was depou;tcd on the Silver
Plume granite, and following this were deposited in succession the
Manitou dolomite, Htr&g quartzite, and Fremont dolomite of
Ordovician age, the Chaffee formation of Devonian ages the Leadville
limestone of Mississippian age. and the Belden shale of Pennsylvanian
age. -

At some period during either late Cretaceous, but more
likely early Tertiary time, the area was intruded by 2a rhyolite,
¢olded into a syncline and faulted. Two major thrust faults, the
Morning Glim and Star faults, cut the weat limb of the syncline
the only part of the syncline preurVed from srosion. Following
the faulting, the area was intruded by the Princeton quartz monzonite
and a series of quarts monzonite or quartz latite, and rhyolite and
pitchstone porphyry dikes.

Following a period of uplift and erosion (or several such
periods) the area was exposed and glaciated. The glaciers smoothed

the topography and deposited morainal material in and along the



sides of the stream valleys; some of this material has been

reworked by streams during receant times.
L
PRE/CAMBRIAN ROCKS

The central core of the Sawatch Range is chiefly composed

e

N
of rocks of presCambrian age (Dings and Robinson, in preparation;

—
p=—s

\'.../'

Burbank, et al, 1935)., These include metamorphic equivalents of
sadimentary and igneous rocks and parts of two large granitic
batholiths, the Pikes Peak and Silver Plumae batholiths, Of thease,

only the Silver Plume granits is exposed in the Whitepine area.

Silver Plume Granite

The Silver Plume granite crops out on the west side of
West Point Hill, east of the Star fault on the west flank of Lake
Hill, and east of the Morning Glim fault along the eastern edge of
the mapped area (pl. 1), The expo-ure.a are, in general, poor.
The rock weathers easily, and the slopes underlain by the granite
are usually covered by a heavy growth of trees. The mapping of
thg contacts of this granite with the other formations is based
primarily c;n float.

Underground, the Silver Plume granite is exposed on the
Akron, 150, and 250 levels of the Akron mine {pls. 4, 6). Partof
the workings of the North Star (pl. 11), Tenderfoot (pi. 12),

~ Morning Star (pl. 13), Victor (pl. 14), Spar Copper (Fig. 3),



and West Point mines are ia this granite.

The granite, where fresh, is typically a light gray, medium-
grained porphyritic rock: weathered surfaces are reddish~-brown or
dark gray. The phynocry:? which make up about 30 percent of the
rock, are tabular feldspar crystals from 5 to 15 inm. long, which
commonly show a parallel to subparallel arrangement. The ground.
mass consists of feldspar, quarts, and biotite.

In thin section, the feldspars are seen to consist of ortho«
clase, microcline, microperthite, and oligoclase. The potash |
feldspars usually exceeds in amount the plagioclase feldspar, but
the two are almost equal; in some localities the plagioclase exceeds
the potash feldspar. Of the phenocryst, the amount of potash
feldspar greatly exceeds that of plagioclase. Biotite was the anly
primary ferromagnesian mineral noted. Accessory minerals are
sphene, zircon, apatite, and iroa oxi@el. probably magnetite and
ilmenite.

All specimens examined showed some alteration. The
plagioclase feldspar has been alterad in part of sericite, hydromica,
and possibly other clay minerals, the biotite to chlorite, and the
iron oxides to hematite and limonite. In the Akroa mine, the
~ Silver Plume granite on the hanging wall of the Star fault has been
" altered almost beyond recognition. The rock consists of a dark-
gray clay with only a few partially altered grains of feldspar and

~ grains of quarts.



In the Tomichi district this formation should properly be
termed a quarts monzonite. The name Silver Plume granite, however,
has beén used throughout Colorade and is so firmly fixed in the
geologic literature that it is not practical to change it.

Crawford (1913, p. 49) zeferred to this granits as the
"porphyritic granite" and in his study of the Monarch and Tomichi
districts did not map it separately from what he termed the
1teoarse biotite granite.” Stark and Barnes (1935, pl. }} mapped the
"porphyritic granite* of Crawford of this area as the Pikes Peak
granite. Dings and Robinson (in preparation}) in their study of the
geology of the Garfield quadrangle mapped Crawford's '‘coarse ‘
grained granite and '"porphyritic granits" separately. They
correlated the '‘coarse grahed granite" with the Pikes Peak grauite
and tentatively correlated the “porphyritic granite" with the Silver
Plume granite. .

The Silver Plume granite, as defined by Ball (1906, p. 371-
389), is widely recognized in other parts of Colorado {Burbank,
and others, 1935). Stark and Barnes (1935, ple 1) show an area
of Silver Plume granite in the vicinity of Twin Lakes about 30 miles
north of the Tomichi district, whichis nearest known exposure
of Silver Plume granite to the Tomichi district. Dings and Robinson
(in preparation) at the time of writing o their report hesitated
to make a definite correlation. The author, however, belisves

that the physical appearance, mineral composition, and age of the
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granite in the Garfield quadrangle are essentially the same as the
known S5ilver Plume granite and that the correlation is valid.

The age of the Silver Plume granite is assumed to be _B,"Z
¢ambrian. Evidence for this age in the Tomichi district is that
the Sawatch quartzite of Late Cambrian age has been deposited on
an eroded s\;riaco of the granite. In the Monarch district, on the
east side of the Continental Divide east of the Tomichi district.
Dings and Robinson (in preparation) found that Crawford's
“porphyritic granite’’ clearly cuts the Pike: Peak granite, which adds
evidence for the fgrqié.’iambrian age of this, the Silver Plume
granite, and for correlating this granite with the knowm Silver

Plume, as this is the relationship noted at other exposures in

Colorado,
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System
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Formation and
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¥
9]
o,
al

ness,
n feet

1,

Columnar

ﬁescriptiOn

PENNSYLVANIAN

————

UPPER .
PENNSYLVANIAN

Belden shale

500+

—

4 Lo

section

MISSISSIPPIAN

LOWER

MISSISSIPPIAN

Leadville

limestone

200 - 40O

-

Basal part, conglomeratic
quartzite, quartzite, and
argillite on shale, grading
into interbedded shales

and dark-gray limestone,
Upper part,dark carbon-
aceous shale and gray
limestones,

Light- to dark-gray lime-
stone to dolomite marble.
Depositional limestone
marble breccia near base.
Gray chert nodules in
upper two-thirds. ]
White to dark-gray dolomite
to lime stone marble.

DEVONIAN

UPPER

DEVONTIAN

Dyer

dolomite
member

115+

Parting
quartzite
member

Chaffee
formation

8st

Light- to dark-gray lime-
stone to dolomite marble,
and limy sandstore or
quartzite.

ORDOVICIAN

LOWER | MIDDLE| UPPER

Fremont dolomite

99 -

1351120 - 240

Harding quartzite

O -

ORDOVICIAN

Manitou dolomite

235 -

CAMBRIAN

UPPER

CAMBRIAN

Sawatch quartzite

CAMBRIAN

PRE -

Silver Plume

granite

53

250

20

i o—a white, medium-grained,
= _ well sorted quart zite.

White to light-gray, medium-}-

to coarse-grained, dolomite

or dolomitic limestone
arhle,

Gray, brown, or pinkish-

White, gray, and dark-gray
dolomite, dolomitic lime-
stone, and limestone marble,
Locally gray chert nodules.

White, gray, or brown
medium-grained quartzite.

Light-gray, medium-grained
porphyritic granite with
phenocrysts of potash feld-
spar. :

Figure 2, General section of the sedimentary rocks of the Whitepine

area, Tomichi mining district.
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PALEQZOIC SEDIMENTARY ROCKS .

In the Whitepine area, sedimentary rocks of Paleosoic age
form a broad syncline that has been down faulted and so preserved
from erosion. The sedimentary rocks range in age from Cambrian
to Pennsylvanian and include the Sawatch quartzite (Upper Cambrian),
Manitou dolomite (Lower Ordovician), Harding quartsite (Middle
Ordovician), Fremont dolomite (Upper Ordovician), Chaffee forma-
tion (Upper Devonian), Leadville limestone (Mississippian) and the
Belden shale (Pennsylvanian), a total sectiom of about 1,450 feet.

c All the carbonate rocks, except the limestones of the Belden
shals, have been recrystallizsed to marble and locally altered by
hydrothermal solutions or coatact metamorphism. The correlation
of these rocks with rocks elsewhere in Colorado is based primarily

on their composition and stratigraphic position rather than fossil

-

evidencs.

A generalized stratigraphic section of the sedimentary rocks

of this area is given in Figure 2.

Sawatch quartsite

The Sawatch quartzite, of Late Cambrian age, crops out in
twe belts, one east of the Star fault near the base of Lake Hill and
one across the west end of West Point Hill, that extend from the

southern limit to about the center of the mapped area (pl. 1). It
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overlies unconformably a fairly even surface of Silver Plume granite
and is overlain unconformably by the Manitou dolomite.

The Sawatch quartzite is poorly exposed at the surface and the
mapping is based primarily on float. The best exposure is in the
road-cut about 100 feet south of the North Star shaft (pl. 1). Under-
ground, this formation is well exposad on the Akron level of the
Akron mine about 280 feet east of the May raise (pl. 4).

The thickness of the Sawatch quartzite ranges from 0 to about
20 feet. Juast north of Spring Creek, on the south side of West Point
Hill, the Sawatch quartzite is absent and the Manitou dolomite rests
directly on the Silver Plume granite. The quartsite may also be
absent on the north slope of West Point Hill as Crawford (1913,

P. 299) reports that in the West Point mine the ore occurred at
the contact of limestone and granite; exposures in this area ars rare.
The thickest section measured is about 600 feet northwest of the
Breadwinner shaft where the formation is 20 feet thick. On the
northwest side of West Point Hill the Sawatch is about 12 feet
thick and on the Akron level, Akron mine, east of the May raise,
14 feet thick. At other places in this mine it is only four feet,
or less, in thickness. The irregularity in the thickness of the
Sawatch quartzite is accounted for by its deposition on a slightly
irregular surface and by erosion prior to the deposition of the

Manitou dolomite.
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The Sawatch quartzite is, in general, a white, medium-
grained, dense quartzite. The color is chiefly white although it may
be gray or brown, or even pink on weathered surfaces due to the
presence of hematite. The quartzite throughout most of its thick-
ness is well sorted, with rounded grains ranging from 0.5 to 2 mm/
in diameter. Near the base of the formation, however, there may
be present a coarse, sometimes arkosic, quartsite or conglomeratic
quartzite. This basal member is discontinuous, lensing out within
a few feet, and ranges in thickness from half a foot, or less, to two
fest. The lenses consist mostly of well rounded white qurts
pebbles (rarely exceeding aa inch in diameter), locally some
feldspar and mica grains, and a few small pebbles of granite in a
quartzite matrix. The basal member is best exposed in the road
cut about 100 feet south of the North Star shaft.

The Sawatch quartzite was named by Eldridge (1894, p. 6)
for its persistent occurrence along the flanks of the Sawatch Range.
Later geologists have expanded this name to include all the forma-
tions of Cambrian age in central Colorado, not just the basal
quartsite, Johnson (1944, p. 310-314), in his study of the strati-
graphy of the Sawatch Range, divided the Sawatch into four members;
, l@dr quartzite member, glauconitic sandstone member, upper
Quartsite member, and Peerless shale member. The Sawatch
quartzite of the Tomichi district is correlated on the basis of

stratigraphic position and lithology with the lower quartzite member
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of Johnaon.,

No fossils were found nor have any been reported from the
lower quartsite member. Fossils from the upper, or Peerless shale
member, in the Sawatch and Mosquito Ranges--east of the Sawatch
Range--indicate, according to Johnson (1944, p. 314), that the age
of this formation is Middle to Late Cambrian. It is generally

accepted as being of Late Cambrian age.

Maaitou Dolomite

The Manitou dolomite, of Early Ordovician age, crops out
along two beltsi one cast of the Star fault along the west flank of
Lake Hill and one west of the Star fault on the west and north
sides of West Point Hill (pl. 1) These belts extend {rom the
Qu&om limit to about the center of the mapped area. The Manitou
Acll’omit. tixroughout most of the area unconformably overlies the
Sawatch quartzite but locally, as north 4f Spring Creek and probably

)
on the north side of West Point Hill, it rests directly on the
Silver Piumc granite. It is overlain unconformably by the Harding
;uﬁziu.
The exposures, in general, are poor, although locally

certain members form low cliffs. The Manitou dolomite is exposed

ﬁdcrground on most of the levels of the Akron (pls. 4, 6, 7), the

Tenderfoot (pl. 12), and North Star (pl. 1}) mines--it is the chief

host-rock for the ore bodies in these mines.

EE
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The 10§ur limestone membears of the Tomichi limestone
below the quartzite, as described by Crawford (1913, p. 56-61) are
equivalent to the Manitou dolomite of this report.

The thickness of the Manitou dolomite ranges from 150 feet
on West Point Hill to 333 feet in the Akron tumnel. These thick-
nesses, however, are belisved to have been modified by faulting
and folding. A typical section measured on the west slope of Lake
Hill was about 240 feet thick. This agrees with a section measured
by Dings (Dings and Robinson) along the South Arkansas River east
of the town of Garfisld on the east side of the Continental Divide
in the Monarch district as 240 feet, and with sections measured by
Crawford {1913, p. 57), who reported thicknesses of 290, 260, and
438 feet in the Monarch district and stated that: "In the Tomichi
district the limestone below the quartzite has a thickness about
equal to that of the same limestone e;alt of Garfield." (260 feet).
The section measured as 150 feet on West Point Hill was near the
two east-trending faults at the crest of the hill (pl. 1), It is
believed that part of the Manitou dolomite at this locality was cut
out by faulting. The section exposed on the Akron level of the
; Akron mine, esast of the Star fault, is 338 feet thick. There has
X M& considerable faulting and folding in this section and, undoubtedly,
there has been a repetition of beds.

3 The thickness of the Manitou dolomite as measured by

k?ﬁiehlou {1944, p. 318) in the Sawatch Range, ranges from 20 feet
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at Gilman, Colorado, near the north eand of the Range, to 375 feet
in the Aspean mining district, on the west-central flank of the Range.
Johnson (1944, p. 318-319) attributes this range in thickness in part
to variation in the amount deposited and im part of erosion after

the deposition of the Manitou dolomite and prier to deposition of

the Harding sandatone {Harding quartzite of this report). He
believes that post-Manitou erosior was the more important cause for
the range ia thickness. There is no evidence in the Tomichi district
for such a period of erosion; the contact between the Manitou
dolomite and Harding quartaite where observed was apparently
conformable., Studies by Dings and Robdimson (in preparation) in
adjacent areas, however, indicate that Johason's _ccnchuiono are
probably correct.

The Manitou dolomite ia the Tomichi district has been
metamorphosed to & marble, At no cxpo‘anrn. either at the suriace
or underground, could the original character and composition of this
formation be observed. The degres of metamorphism, in part
probably depeandent on the original composition of the rock, varies
along the strike and dip. In general, however, the formation is

dolomite, dolomitic limsestone, and limestone marble and, except

for in the vicinity of the ore deposits where there has beea
toasiderable hydrothermal alteration, the composition is believed
~ to have been only slightly affected, if at all, by the metamorphism.

Stadies made of this formation in neardby areas (Dings and Robinson,
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in preparation) have shown that the formation is essentially composed
of dolomite and dolomitic limestone.

The exposures of the Manitou dolomite at the surface in the
Tomichi district are poor. The best section exposed is oa the
west slope of Lake Hill and the following detailed section was

measured there,



Section of Manitou Dolomite on the West Flank of Lake Hill

Harding quartsite

Unconformity

Manitou dolomite

14,

13,
12,
1,
10.

9.

8.

Dolomite marble, white thin-bedded {1-12 inches)

Dolomite marble, alternating white and gray bands,
thin-bedded (1-12 inches), coarse-grained {5-15 mm)

Covered. Float indicates dolomite marble, white
to gray, mediume-grained {1-% mm)

Dolomite marble, pinkish-gray, medium-grained.
Contains l-inch nodules of gray chert

Covered. Float indicates dolomite marble, gray,
mediume-grained

Partly covered. Dolomite marble, gray, mediume
grained

Chert, gray, band } to 12 inches thick, averages
6 inches |

Dolomite marble, gray, medium-grained, l-inch
nodules of gray chert near center of section

Partly covered, dolomite marble, gray, medium-
grained

Dolomitic limestone marble, pinkish-gray, medium-
grained

Partly covered, dolomite marble, gray, mediume-
grained

Dolomitic limestone marble, pinkish-gray, medium-
grained

Covered. Float indicates dolomite and dolomitic
limestone marble, gray and white

Feaet

21.8%

21

10

15

0.5

11

40

20

67

‘19



Feet

1. Dolomite marble, dark bluish-gray, fine- to
medium-grained 8.5
Total Manitou dolomite 239.5%

Unconformity

Sawatch quartzite

In the Akron mine, the Manitou dolomite is exposed in all
the accessible workings but at most exposures has been #0 highly
altered that the bads cannot be distinguished, The upper 89 feet
of this formation, however, is well exposed on the Akron level
esast of the Star fault and is not too highly altered. Here the
formation is white to black dolomite, dolomitie limestone and
limestone marble in beds 0.5 to 15 feet thick with bands of black
‘chert nodules that are up to 1 foot thick and 2 feet long.

The black and gray chert nodules are not apparently restricted
to any definite bed or beds in this formation. They occur in any
of the beds in the formation in zones that are discontinuous along
~ both strike and dip. They may be used to distinguish the Manitou
dolomites from the Fremont dolomite, which lies above the Harding
quartzite. No chert was observed in the Fremont dolomite in the
Tomichi district.

The Manitou dolomite of this report is equivalent to the

Manitou limestone as named by Cross (1894). The type section is
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exposed at Manitou Springs and Manitou Park, Colorado. The
lithologic name was chaﬂgcd from limestone to dolomite by
Johnson (1944, p. 316) as this formation is primarily a dolomite,
not only at its type section, but throughout central Colorado.

The age of the M;niton dolomite has been determined by
fossils as Lower Ordovician. No fossils were found in the Tomichi
district--the recrystallization of the dolomite would probably have
destroyed any fossils, if present--but Crawford (1913, p. 60) found

poorly preserved specimens of Dalmanella, probably D. tastudinaria,

about 60 feet above the vase and Orthoceras (species unknown)
about 80 feet above the base in the Monarch district on the east
side of the Continental Divide. Worcester (Crawford and Worcester,

1916, p. 56) reported Dalmanella cf. testudinaria (Dalmen)?,

Dalmenella hambergensis Walcott, Reticularia sp. (?), and Lingula

v.p. (?) from the lower part of the Yule limestone (Manitou dolomite
of present usage) on Fossil Ridge in the Gold Brick district, which
is about 1Z miles west of the Tomichi district. Johnson (1944, p.
319-320) reported cystoid plates and columnals, Manorthis

h_i_.mborggnain (Walcott), cross sections of low spiral gastropods,

_and brachiopod fragments suggesting Dalmanella from the same

ocality.
Although no fossils were found in the Manitou dolomite in

the Tomichi district, its stratigraphic position and lithology make its

3 {dentification positive.
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Harding Quartzite

The Harding quartsite, of Middle Ordovician age, crops out
in an almost con?inuouo band through the middle of the mapped area
from the southern limit to where the Princeton quartz monzonite
has intruded the Paleozoic sedimentary rocks north of Galena Creek
(pl. 1), and in another band that extends across West Point Hill
from Spring Creek almost to Galena Creek, The exposures, except
on the north side of West Point Hill, are in general good. It
is more resistant to erosion than is the Manitou dolomite, on which
m rests unconformably, and the Fremont dolomite, which unconforme
ably overlies it, and, therefore, often forms a low ridge. This
“formation'. becauses of its composition and resistance to erosion, is
u useful marker in the section between the Sawatch quartzite and
Ti:icldtm shale, which is composed mostly of limestones and dolomites.
‘Thn Harding quartzite is exposed undergr.oﬁnd on the Akron level of
ﬁ.tho Akron mine east of the Star fault (pl. 4).

This formation is locally known as the ''parting quartzite'' and
4_lhould not be confused with the Parting quartzite of the Chaffee
Tub‘;vliourmtiou. which crops out in this area. Crawford (1913, p. 356-6l)
hcludcd this formation in his Tomichi limestone.

S The Harding quartzite is remarkably uniform in thickness in

the Tomichi district. On West Point Hill the thickness is 31 Ie;t.

- 400 feet northwest of the Breadwinner mine on Lake Hill it is 30
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feet, and on the Akron level of the Akron mine 33 feet. The work
of Dings and Robinson (in preparation), however, shows that this
forma'tion thins from a maximum of 38 feet in the Monarch district
-~across the Continental Divide to the east of the Tomichi district
-=ta 10 feet in the Tincup district om the west flank of the Sawatch
Range--about 12 miles northwest of the Tomichi district. Johnsom
(1944, p. 321) reports that this formation is missing from the

Paleosoic section of the Sawatch Range north of the south end of

Taylor Park, which is just north of the Tincup district.

The Harding quartzite is typically a medium-grained quartzite.
Ou weathered surfaces it may be brown or pink with small patches
of yellow-brown hydrated iron oxide. Fresh surfaces are gray or
dull wkite. The grains range from 0.25 to § m. in diameter.
;‘t;o typical Harding consists of 75 percent of grains from 0.25 to
0.5 mm. in diameter with 25 percent of the grains about 1 mm. in
diameter. This good sorting and the grain size is characteristic of
the formation. Locally small lenses, 0.5 to 2 inches thick, may be
coarse grained with grains up to 5 mm. in diameter. The grains are
typically cemented with silica but locally, especially near the middle
ﬂ the formation, there may be some beds of fine-grained calcareous
tlﬁcntcd sandstone.
The best exposure of the Harding quartzite is on the Akron
I of the Akron mine (pl. 4) east of the Star fault, where the

“ﬁllcwing section was measured:



Section of the Harding Quartzite in the Akron Mine

Feet

Fremont dolomite .
Unconformity.
Harding quartzite
3. Quartsite, white and brownish white, with two
distinct grain sizes {0.25-0.5mm., 75 percent;
1 mm., 2% percent). Beds one-half to two feet
in thickness 11.58
2. Quartzite, white with iron stained patches, fine
to medium grained. Beds } to l-} faet in
thickness 16
1 Quartszite, white, vitreous, medium grained.
Beds not distinguishable , 6
Total Harding quartzite 33

A- Manitou dolomite.

24
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The !;Inrciing quartzite was named the Harding sandstone by
Walcott (1892, p. 134-167) for its exposure in the Harding quarry
near Canyon City, Colorado. XKirk (1930, p. 456-463) established the
age of the Harding as Middle Ordovician and correlated the quartzite
of Crawford's (191j3. p. 56-59) Tomichi limestons of this area, as
well as other exposures in Colorado, with the Harding sandstone at
Canyon City., Twsto (1949, p. 149-238) in the Pando area, Colorado,
A-:;g' modified the name to Harding quartzite; the name used in this report.

No fossils were found, nor have any been reported, in the

Harding quartzite in the Tomichi district. Fossil fish remains,

 hewever, have been found at many localities throughout Colorado.

{Walcott, 1892; Kirk, 1930; Johnson, 1944; Dings and Robinson).

Fremont Dolomite. - -

The Fremont dolomite, of Laté Ordovician age, crops out

" along the west side of Lake Hill from the southern limit of the mapped
irn to north of Galena Creek, and from Spring Creek across West
foht Hill almost to Galena Creek. This formation rests unconformably
thc Harding quartzite and is unconformably overlain by the Chaffee
?:ﬁmtion. The exposures at the surface are, in general, good,
Q;pchlly west of the Breadwinner mine on Lake Hill, on West

ht Hill, and the ridge northeast of the North Star-Divident shaft.
“;rground. the formation is exposed on the Akron level of the

h‘on mine east of the Star fault (pl. 4) and in the lower Morning
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Star tunnel (pl. 13). Crawford {1913, p. 56-59) included this
formation in his Tomici:i limestone.

The thickness of the Fremont dolpmito ranges from 99 feet
east of the Breadwinner shaft on Lake Hill to 135 feet on West
Point Hill, On the Akron level of the Akron mine (pl. 4) east of
the Star fault this formation is 117 feet thick. The variation in
thickness, often within short distances, is typical of this formation.
Dings and Roﬁnaon (in preparation) found that within the Garfield
quadrangle it ranged in thickness from 15 to 135 feet. Johnson

(1944, p. 323) reports that the formation is absent in the Sawatch

ano north of the head of the Taylor River, which is about 40 miles

" northwast of Whitepine.

| The differences in thickness are attributed (Johnson, 1944,

p. 323; Dings and Robinson) to erosion during the Siluriam and

' Devonian periods rather than to differences in original deposition.

Evidc»nce for this is the consistent lithology throughout the Sawatch
Range--there is no evidence of a shore facies as it thins to the

north--and a slight angular discordance, which may be observed

;s tmlly. batwcon the Fremont dolomite and the overlying Chaffee ’

The Fremont dolomite in the Tomichi district has been
?tery-uluzod to a marble. On fresh surfaces the formation ranges

{8 color from light-gray to white--white being the most common.

;Yuthared surfaces are locally ron stained. In composition, it is a
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dolomite or dolomitic limestone. The grain size of the marble ranges
from medium to coarse, with the coarse grains being the most
abundant. The average grains are about 3 mm. in diameter, with

a maximum of about 10 mm. The metamorphism has destroyed any
evidence of bedding, if there ever was any. The best exposure is

on the Akron level of the Akron mine and the following section was

measured there:

Section of the Fremont Dolomite in the Akron Mine

g Feet
'~ Chaffes formation,
Unconformity.
Fremont dolomite:
2. Dolomite marble, white, massive, medium to
coarss-grained 31
1. Dolomite marble, white, massive, medium to
coarse-grained, small patches of hydrous iron
oxide | 86
Total Fremont Dolomite 117

- Unconformity.

. Harding quartzite. o
- "'—l‘:\ CAL
/@@@v\ SU;?‘,Q

" /%u
~

L18RARY %
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The Fremont limestone was named by Walcott, (1892,

p. 154-167) for its typical exposures in Fremont County, Colorade.
The name, Fremont dolomite, is nugd in this report because this
formation in the Tomichi district consists mostly of dolomite, as it
does throughout the Garfield quadrangle (Dings and Robinson) and
Sawatch Range (Johnson, 1944, p. 322-324). The fact that this
formation is essentially a dolomite throughout such a large area is
believed to prove that this formation was deposited as a dolomite
and that the MgO content is not the result of metamorphism or
alteration by hydrothermal solutions related to the ore deposits.
| No f{ossils were found, nor have any been reported, from
the Fremont dolomite in the Tomichi district. Crawford (1913, p. 60)
in the Monarch district (east of Whitepine on the east side of the

Continental  Divide) reported Receptaculites oweni, Halysites

catenulates, and small cup corals in the Fremont dolomite (upper

Tomichi limestone of his report). Dings (Dings and Robinson) found

.Halylitea gracilis and streptelasma sp. from the same locality.
z
Crawford and Worcester (1916, p. 56) in the Gold Brick district

(about 12 miles west of Whitepine) found Halysites catenulates,

Rcceguculitu oweni, Platystrophia sp., Heliolites sp. (probably a |
é;hpocch) from unit 3 of the second lower fossiliferous member of
!‘ﬁl Yule limestone, an equivalent of the Fremont dolomite. Kirk
B (}f):o. p. 457) and Johnson (1944, p. 324) established the age and

~ Correlation of the Fremont dolomite in the Tomichi district with
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that of other areas in Colorado.

Chaffee Formation

rTho Chaffee formation, of Late Devonian age, is poorly

exposed in the Tomichi district, except east of the Star fault on the
Akron level of the Akron mine (pi. 4). It crops out in two bands;
(1) extending from the southern edge of the mapped area around the
west side of Lake Hill to north of Galena Creek, and (2) across West
Point Hill. The contact of the Chaffee formation with the Fremont

:i};dclomito. on which it rests unconformably, may be located, even in
covered areas, on the basis of float with considerable accuracy because
of the difference in lithology of the two formations. The contact with
the Leadville limestone, which unconformably overlies the Chaffee.

,:”lormation. however, is very difficult to pick even under the best.
conditions-~the lithology of the upper Ch’ifee and the lower Leadville
are very similar. The Chaffee formation consists of two members;
the lower member the Parting quartzite and the upper the Dyer
dolomite, which are difficult to distinguish in the Tomichi district.

- Crawford (1913, p. 61-66) in mapping this district included the Chaffee

" formation and Leadville limestone in his Ouray limestone.

The thickness of this formation in the Tomichi district was

_;fi;;tv\il«ourod at three localities; on West Point Hill where it was about
. 340 feet thick, on Lake Hill where it was about 120 feet thick, and

. OR the Akron level of the Akron mine east of the Star fault where it
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was about 200 feet thick. Only in the Akron mine could the two
members be distinguished and here the Parting quartzite was 84 feet
thick and the Dyer dolomite 116 feet thick. Johnson (1944, p. 324-
33]1) reports that in the Sawatch Range the Parting quartzite ranges
in thickness from 40 to 100 feet (averaging about 60 feet) and the
Dyer dolomite from 70 to 200 feet. Dings and Robinson (in
preparation) observed a range in thickness from 0 to 300 feet, the
~ thickest section (300 feet) was in the Monarch district east of the

éoutinanul Divide. It was noted that at all places where the two

n;émbers could be distinguished, the Dyer dolomite was the thicker.
Thh range in thickness is attributed in part® variation in the amount
Qf ;iepolitad sediments-~the Parting quartzite member is believed to
be a near shore facies of the Devonian sea (Johnson 1944, p. 328)
'-a;xd in part to a period of erosion between the deposition of the
ﬁycr dolomite member and the Leadville. limestons.

The Chaffee formation has, in detail, the most varied
lithology of any of the lower Paleozoic formations. In general, it

consists chiefly of dolomitic limestone with subordinate beds of

‘d;lomite, limestone, shaly limestons, limy shals, dolomitic or
limy sandstone, and quartaite. The lithology varies within short
d‘i;i&nc“z individual beds are lenticular and the lithologic types
‘hhrgrado. The carbonate beds at most places in the Tomichi

< dstrict have been metamorphosed to marble. The individual beds

&re red, green, brown, black, gray, or white in fresh exposures
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but a characteristic feature of this formation is the light brown or
yellowish-brown color of most of the weathered exposures.
The Parting quartzite member is best exposed on West
Point Hill and on the Akron level of the Akron mine. The basal unit
of this member consists of reddish-gray, greenish-gray or dark-gray,
-. thin bdedded (less than 1 to 4 in.) shaly limestone 3 to 15 feet thick.
This unit is very characteristic and makes an excellent horizon
3 marker for separating the Chaffee formation from the underlying
Fremont dolomite, This unit is termed the "Fairview'" shale by

miners in the Tincup (Hill, 1909, p. 35-36) and Gold Brick (Crawford

‘aall Worcester, 1916, p. 58) districts. The beds above this basal
.member vary greatlyv in lithology and thickness throughout the
district but consist chiefly of dolomite, dolomitic limestone, or
l@inéltone containing interbedded lenses of sandstones and quartazits.
ko sandstones are dolomitic and limy sandatones that intergrade

2 with sandy dolomite and sandy lhno-ton;s. Individual beds range
from less than one inch to 20 feet thick. The sandstones beds and
- especially the quartzites, are in general thinner than the dolomite
;’! limestone beds, with 2 maximum thickness of about 10 feet. The
fop of the Parting member is placed at the top of the highest
Cernable sandstone or quartzite bed in the Chaffee formation.
The Dyer dolomite member is not well exposed anywhere at
h surface. Only in the Akron mine could a section be studied in

‘lhﬂ. In general, this member consists of black, gray, and white
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limy dolomite, and dolomitic limestone, with a few dark shale
partings and rar; sandstone and chert lenses. The beds range in
thickness from less than one inch to 20 feet, averaging about 10
feet. Included in the Dyer dolomite member are all the beds above
the uppermost sandstone or quartzite bed and below the Leadville
limestone.

The contact between the Dyer dolomite and the Leadville
limestone is very difficult to pick, especially at the surface. At this
contact, where exposed in the Tomichi district, is a thin bed of
dolomitic sandatone or sandy dolomite in the base of the Leadville
limestonae.

The following section, measured on the Akron level of the

Akron mine ,was the best exposure of the Chaffee formation in the

' Tomichi district.
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17,

16,

14.
13,

12,

11,

10.

Section of the Chaffee Formation in the Akron Mine

Feet
Leadville limestone.
Unconformity.

Chaffee formation.

Dyer dolomite member
Limy dolomite marble, white, medium-grained 7

Limy dolomite marble, black, fine-grained 20

Limy dolomite marble, white, medium- to
coarse-grained, massive 26

Dolomite marble, white. At top, two } to 2
inch seams of gray chert 1 to 2 inches apart,
1 to 2 inch chert seam at base 2

Limy dolomite marble, white, locally iron-stained,
mediume+ to {ine-grained 15

Limestone marble, gray, f{ins-grained, partly
silicified with some disseminated pyrite 1

Dolomitic limestone marble, white to gray,
medium- to coarse- grained, beds 2 to 6 fest
thick 21

Limestone or dolomitic limestone-marble, white,
silicified, with disseminated grains of pyrite,
chalcopyrite, and galene 1

Limy dolomite and dolomitic limestone marble,
white to gray, fine- to coarse-grained, beds
4 to 12 feet thick. At base 2 to 4 inch bed of
black sandy dolomite marble, iron-stained 23

Total Dyer dolomite member 116



Feet

Parting quartzie member.

9. Dolomitic and limy sandstone, white, fine-grained
and finely laminated cross-bedding, Beds 2 to 8
feet thick : 19
8. Dolomitic limestone marble, brown to black, some
disseminated pyrite 2
7. Dolomitic limestone and limy dolomite marble, white,
buff, and gray, fine- to medium-grained, beds 2
to 5 feet thick 9
6. Dolomite marble, black, buff, and white, fine-
grained 12
5. Dolomitic limestone marble, black to gray,
fine-grained . 9
. 4, Dolomite marble, white with black streaks, f{ine~
grained. Black streaks limestone marble 7
3. Dolomitic limestone marble, black, fine-grained 2
‘2, Limestone marble, slightly dolomitic, black to
brown, fine-grained, beds less than 1 to 5 inches
thick ' 15
1. Shaly limestone marble, greenish-gray, white, and
brown, fine-grained, beds less than 1l to 4 inches
thick 9
Total Parting quartzite 84
member
Total Cha{fee formation 200
Unconformity.

Fremont dolomite.
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ﬁ The Chaffes formation was named by Kirk (1931, p. 222-240).
In his study of the Devonian rocks of Colorado he noted that many
names had been used for the beds of Devonian age and that they had
been included with formations of other ages. He proposed that the
Devonian beds, as typically exposed in Chaffes County, a,nd extending
from Glenwood Springs and the Crested Buttes quadrangle on the
west to Salida on the east and from the Alma district to the north
to the Kerber Fass district on the south, be termed the Chaffee
formation. The Tomichi district lies within this area. The
" correlation of the Chaffee formation of the Tomichi district with the
ﬁp. section south of Salida could only be made on the basgs of
| -tuhélogy and stratigraphic position; metamorphism of the carbonate
rocks to marble destroyed and paleontological evidence, if present.

Although no fossils were found in the Chaffee formatia in the

Tomichi district, lquut {éund by Dings {(Uings and Robinson) aand by
others (Crawford, 1913, p. 62; Kirk, 1931, p. 222-240; Johnson, 1944,
P 328-330) have established the age as Late Devonian. Dings found
the following fossils {identified by P. E. Cloud, U. S. Geological
Survey) in the Garfield quadrangle:
Polmat.o:?om joints, fragmentary starfish, echinoderm
fragments, trepostomatous bryosoan, bryoscan {ragments,

Camarotoechia cf. C. contracta (Hall), Paurorhyncha endlichi

(Meek), Paurorhyncha?, Cyrtospirifer cf. C. animasensis

(Girty), Cyrto;pirifei sp., unidentified spiriferoid brachiopod,




fragments of unidentified brachiopods, Athyris sp.,

Schuchertella?, Productella?, Schizophoria?, coiled

cophlopod.

Leadville Limestone

The Leadville limestone, of Mississippian age, crops out in
a broad belt extending from the southern edge of the mapped area
across the west side of Lake Hill to north of Galena Creek. Only a
;qmall remnant crops out west of the Star fault on West Point Hill
;nd to the north for about 1,500 feet. The exposures, in general,
are fair; locally some beds form low cliffs. The lower contact of
thil formation is difficult to locate; the lithology of the Leadville
. limestone and the Chaffee formation, which unconformably unc}crlioa
| it, are very similar. The contact of the Leadville ltmoaton; and the
overlying Belden formation is very irt;guhr and comparatively easy
to locate because of the difference in lithology of the two formations
~-the lower beds of the Belden formation are conglomerates, quart-
tites, or argillites. Crawford (1913, p. 61-66) included the Leadville
1@“0:10 in his Ouray limestone.
4, The Leadville limestone is second only to the Manitou
' dolomite as the most important stratigraphic zone for ore deposits.
N r?ﬁuction from the Erie mine, Eureka-Nest Egg, and David H,

fines has come from this formation.



The thickness of the Leadville limestone changes rapidly
along the strike and dip and ranges from about 200 feet to about 400
feet. At no place in the Tomichi district is a complete section well
exposed., West of the Star fault all but about the lower 150 feet has

been eliminated by faulting. The only section measured is oa the

west side of Lake Hill, which totaled about 342 feet.

The abrupt change in thickness of the Leadville limestone is
7 tyéical of the formation throughout the Sawatch Range. Dings and
Kobinson (in preparation) found that within the Garfield quadrangle
tha thickness was 200 to 300 feet at most places but that it ranged
from 0 to 400 feet. Johnson (1944, p. 336) in his study of the
: ltntigraphgof the Sawatch Range measured sections that ranged in
tﬂckneu from 35 to 515 feet in thickness.
| The range in thicimess is undoubtedly due primarily to
~erosion prior to the deposition of the Belden formation. In the Erie
mine (pl. 10), where ore was mined from the Leadville limestone at
or near the contact with the Belden formation, the contact is very

" irvegular in detail and resembles present day erosion surfaces on

Hmestone. Dings and Robinson (in preparation) found that north of

Middle Quarts Creek in the Garfield quadrangle a pre-Belden stream
& sroded a channel through the Leadville limestone.
The Léadville limestone consists essentially of limestone and

dolomite with some beds gradational in composition between these two

Sxtremes, and a few shaly and rare sandy beds. All the carbonate
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beds have been metamorphosed to marble. The base of the Leadville

limestone at most places in the Sawatch Range is characterized by

sandy limestone (Johnson, 1944, p. 332; Dings and Robinson). In the
Tomichi district, however, the basal beds are shaly rather than
sandy. Overlying the basal shaly beds are massive beds of limestone
and dolomite, the lower 50 feet of which may contain one or more
layers of depositional breccia. The depositional breccia usually
consists of limestone marble {fragments of from less than 1 to §

- inches in diameter ccme:;ted by limestone marble. If the pebbles
_are light colored, the cement will be dark, and vice versa. The
"lower third of the formation is predominantly limestone marble and

‘_tho upper two-thirds dolomite marble; lenses of chert are fairly

_common in the upper two-thirds.

The lower 185 feet of this formation is well exposed on the
Akron level of the Akron mine east of the Star fault., Here the
basal unit consists of two feet of thin-hed;!ed (beds 1 to 5 inches

thick) black, fine-grained argillacecus limestone marble. Above

. this is about 63 feet of black, gray, and white, thin-bedded, lime-
stone marble with several, less than one to 2 inch, shale seams .

- 8ad a few thin beds of dolomitic limestone a.nd limy dolomite marble.
'ﬂu remining section (142 feet) is mostly black, white, and gray,
ilildium- to coarse-grained, massive, thick-bedded dolomite marble
with some limy dolomite marble. Near the top of this section are

ﬁh lenses of black chert nodules.



PIPOR

The following section, measured on the west side of Lake

| limestone in thi Tomichi district.

39

Hill, was the best exposure of the complete section of the Leadville
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Section of the Leadville Limestone Measured on the

West Side of Lake Hill

Feet
Shale
Belden
Unconformity.
Leadville limestone.
9. Dolomite marble, gray, fine-grained 3.5
8. Covered 7909
7. Dc‘loxﬁito marble, black, coarse-grained
fossiliferous (Brachiopods, horn corals,
sponges; paorly preserved) 57.5
6. Dolomite marble, black and white bands 1
to 6 inches thick, chert nodules 1 to 4 inches
thick in white bands, coarse-grained 70.6
5. Covered 25.0
4, Limestone marble, gray and white, medium-
grained, thin-bedded . 19.4
3. Limestone marble, slightly dolomitic, dark
gray, medium-grained, thin-bedded 24.7
2. Limestone marble breccia, white pebbles
(1 to 2 inches in diamter} in gray cement 1
l. Covered 60
Total Leadville limestone 341.6



Near the top of the Leadville limestone,solution cavities
. have developed. These are well exposed near the west end of the
most westerly drift and near the south end of the main drift on the
aumber 4 level of the Erie mine (pl. 10).
The name Leadville limestone was applied to the Mississippian

and Devonian limestone and dolomites by Eldridge (1894, p. 6) in the

Anthracite-Crested Butte area, by Spurr (1898, p. 22) in the Aspen

L]

- district, by Emmona (1898, p. 6) in the Ten Mile district, and by

Worcester (Crawford and Worcester, 1916, p. 59) in the Gold Brick
, district. Crawford (1913, p. 61} included the pressnt Chaffee and
Leadville formations in his Ouray limestone for the Monarch and

~ 'foxnichi districts. Kirk (1931, p. 239) recommended that the name

: Leadville limestone be restricted to the Mississippian limestones and
fropond the name Chaffee formation for the Devonian beds. This

usage has been followed by most workers in this area since Kirk's

proposal,

The recrystallization of the Leadville limestone in the Tomichi

“district has destroyed most of the evidence of fossil remains, which

:‘aro 80 common in the Leadville limestone of most areas. Only on
th west side of Lake Hill were any fossils fonnd, and these were
)Qérly preserved. The following fossils, collected on Lake Hill, were
ﬁt tified by J. S. Williams and Helen Duncan of the U. S. Geological

}{lﬂeyt Caninia sp. indef., Zaphrentoid corals, and Syringopora

Surcularia (Girty). In addition, the following fossils were collected



42
by Dings (Dings and Robinson) in the study of the Garfield quadrangle

(identification by Williams and Duncan): Syringopora acoleata (Girty),

‘Spirifer centranatus {Winchell), Sgir{hr sp. indef., and ComEaiu

sp. The lithology, stratigraphic position, and paleontologic evidence
make the correlation of Leadville limestone of the Tomichi district

with that of other areas definite,

Belden Shale

The Belden shale, of Pennsylvanian age, is exposed In a
broad band extending from the southeastern limit of the mapped area
across Lake Hill and along the eastern side of the area, almost to
the northern end. A complete section of the Belden shale is not

exposed in the Tomichi district; it is cut off on the east by the

Morning Glim fault, along which the pre-Cambrian Silver Plume

granite has been thruat over the Belden shale. In general, this

formation is poorly exposed. Only the lower part, that above ite

contact with the lLeadville limeatone on Lake Hill, is well exposed.
Crawfard (1913, p. 67-7C) named these beds in the Tomichi

district the Garfield formation. This report will follow the

terminology of Dings and Robinson who adopted the names proposed
V by Tweto (1949) for the Pennsylvanian-Permian (?) sedimentary
- rocks exposed in the Pando area, Colorado.

The replacement deposits in the Spar Copper mine are the

oaly ore deposits in the Belden shale of the Tomichi district.
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The thickness of the Belden shale could not be determined in
the Tomichi district as the formation is cut off on the east by the
Morning Glim fault. The thickest section in this district is on Lake
Hill and is calculated as about 550 feet. Probably this figure is
considerably in error because of drag folding along the Morning Glim
fault, which could not be observed as most of the area is covered.
Dings and Robinson (in preparation) found the maximum thickness of

the Belden in the Garfield quadrangle to be about 1,100 feet. They

" observed that the Balden at most places could be divided into three

. distinct units: a lower unit of dark shale or argillite and quartzite,

- ‘__”zloo to 500 feet thick; a middle unit of limestone and shale, 400 to

700 feet thick; and a upper unit about 200 feet thick containing

more quartzite than the other units. The Belden shale of the Tomichi

district probably includes the lower unit and possibly part of the

middle unit.

-

The Belden shale in the Tomichi district is typically composed
of dark shale or argillite, dark limestone, and quartzite, with a
few beds of limy shale, shaly limestone, conglomeratic quartzite,

and conglomerate. At the base is usually 5 to 85 feet of quartsite

<. 88d conglomeratic quartzite with lenses of quartzite. Locally, how-

mr. shale or argillite rest directly on the Leadville limestone. The

. quartzites are fine-to coarse~grained and are composed mostly of

o 5 quarts grainse but in some lenses unaltered angular grains of feldspar
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and mica are common. In the conglomeratic quartzites and the
conglomerates, the pebbles are usually composed of white quartz.
The quartzite and conglomeratic beds are discontinuous along both
their strike and dip. Individual beds range from a few inches to
about 10 feet thick. Interbedded with these quartzites and becoming
more abundant higher in the sections are beds of shale or argillite,
which proba.bly' make up about 60 percent of the exposed section.

The shale is typically black, carbonaceous, and ranges from a fissile

shale to 2 hard argillite. The argillite is most abundant in the lower

5 part of the section on Lake Hill and in the vicinity of the Erie mine,

Shale, rather than argillite, is common north of Galena Creek. The
shale beds are commonly 1 to 10 feet thick but the range in thick-

ness is from an inch or less to 60 feet. The limestone beds

interfinger with the shales or argillite. They are usually black or

dark gray (weathering to a light gray), fine-grained and locally
fouiliferou'a. Individual limestone beds r:ange from 1 to 30 feet in
thickness, but the average is prcbably less than 5 feet. Except for
north of Galena Creek, the limestone beds of the Belden formation
have not been recrystallized to marble. Thin beds gradational in

composition between the shales or argillites, quartzites, and

! limestones occur locally within the section. The following section,

measured on the west side of Lake Hill, gives the lithology of the

lower part of the Belden shale.
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Lower Part of the Belden Shale Measured on lLake Hill

Belden shale.

7. Limestone, dark grey

6. Argillite, black, very dense and hard, thin-
banded (less than 1 inch to 4 inch bands)

5. Rh”lit‘ dik@worwncnecece 20 foet wide

4. Argillite, black, very dense and hard

3. Quartzite, pink and white, lenticular, medium-
to coarse-grain, less than 1 to 5 foot beds.
Pink beds contain fresh feldspar and mica

2, Quartzite, white, coarse-grained, locally
conglomeratic quartzite and conglomerate
lenses

1. Conglomeratic quartzite, white poorly sorted,
locally arkosic. Lenticular beds less than 1
to 10 feet thick

Total measured section of
Belden shale
Unconformity.

Leadville limestone.

Faet

60.5

42.2

20.3

16.1

26,2

165,3
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Fossils were found in limestone beds of the Belden shale
near the top of Lake Hill but, in general, in a poor state of preser-
vation. Better cpeciz-nens were found elsewhere in the Belden shale
of the Garfield quadrangle and were submitted to Mackenzie Gordon,
Jr., of the Geologic.al Survey for identification. The following fossils
establish the age and correlation of th? Belden shale in the Garfield

quadrangle: Conularia sp., Polypora sp. indef., Orbiculoidea sp.,

Spirifer sp., possibly S. occidentalis (Girty), Crurithyris sp. indef.,

Chronetes (Lissachonetes) geinitzianus (Waagen), Productus

A
(Dictyoclostus) coloradoe:iﬁs (Girty), Productus (Juresania)

nebrascensis {Owen)?, Marginifera ingrata (Girty), Nuculopsis? sp.,

Leptodesma? sp., Schizodus sp., Aviculopecten sp., Volsella? sp.

~ Pleurophorus? sp., Aclisina? sp., Pseudorthocoras? sp.

TERTIARY INTRUSIVE ROCKS

Igneous rocks, probably of Tertiary age, have intruded the
)
grcfﬁ;mbrhn granite and Paleozoic sedimentary rocks of the White-
s
. pine area, The rocks range in composition from quartz monzonite

%o granite and in texture from medium-grained to glassy-porphyritic.

-~ They include, in order of relative age, a small rhyolite plug, the

Princeton quartz monzonite batholith, dikes of quarts monzonite and

quarts latite porphyry, and rhyolite and pitchstone porphyry.
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tho lite

A small intrusive of rhyolite, the oldest of the Tertiary
intrusives, lies west of the Star fault under Porcupine Ridge and the
valley of Galena Creek (pl. 1). The glacial deposits on Porcupine
Ridge and along Galena Creek make it impossible to determine the
aerial limits of this intrusive. Pieces of the rhyolite have been
found on the dumps of prospect pits on Porcupine Ridge about 550

;_;;Hfut west of the Star fault and on the basis of poor float, the

rhyolite is believed to extend for about 100 feet south of Galena
. Creek to about 500 feet northwest of Forcupine Ridge.

The rhyolite is best exposed in the Akron mine (pls. 4, 5,

i. 7). The Akron tunnel intersects the contact of the Princeton quarta
maonito and the rhyolite about 1,760 feet east of the portal, and

" then crosscuts about 1,600 feet of rhyolite. The rhyolite is also
;xpond at the south end of the Akron level (pl. 4), at the north

: end of the Akron-Morning Star development drift (pl. 7), and on the
. 130 and 250 levels of the Akron mine (pl. 6). |

Crawford (1913, pl. 4), to whom the underground workings

"N not accessible, and Shenon and Full (1946) mistakenly--probably
‘m‘u of the poor exposures and extonsive alteration--mapped this
hmuoa as the Tomichi limestone (Manitou dolomite, Harding
qu. and Fremont dolomite of this report).

At the contact of the Princeton quartz monzonite and

?‘Nute in the Akron tunnel, it is impossible to determine which of
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the formations intruded the other from the alternating bands of
rhyolite and P;;inceton. About 200 feet to the east, however, a
small dike of Princeton quartz monzonite, with inclusions of
rhyolite, cuts the rhyolite, and the rhyolite is therefore the older.
Near the inters;ction of the Akron tunnel with the Akron level (pl.

S) the rhyolite is in contact with the Manitou dolomite. The
relationship between those two formations is not entirely clear here;

. & 2 to 3 foot shear zone occurs along the contact. At the other

L 4

“. places in the Akron mine, however, where the contact between the
rhyolite and Manitou are exposed, as on the Akron, 150, and 250
levels, dikes of rhyolite cross-cut the bedding of the Manitou

| dolomite.

The contact between the rhyolite and the Manitou dolomite

is often difficult to recognize because of the intense alteration of
both formations in the vicinity of the ore bodies. For this reason,
the contact at most places is shown on the maps as an approximate

contact. The author found that the best way to distinguish the two

formations in underground mapping was to observe how they break

“ blasting; the Manitou dolomite tends to break in tabular pieces

And the rhyolite in prismatic pleces. The location of this contact
® of considerable importance in mining. What is termed the ‘'foot

- wall ore body' occurs in the Manitou dolomite along or near its

Contact with the rhyolite.
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The rhyolite has been highly altered and as altered, is a white

to gray, very fine grained to aphanitic rock. Megascopically the rocks
appear to be composed of grains of quartz in a matrix of clay. Locally,

highly altered phenocryst of biotite and feldspar up to 2 mm in

;liametcr' and 1 mm cubes of pyrite may be cbserved. On weathered
surfaces, the rocks appear to be an irom stained quartzite.

Microscopically the rock is seen to vary considerably in its
composition as a result of the varying amounts of alteration. The
typical spc::imeu consists of about 90 percent quartxz grains of from
less than 0;1 mm to 0.3 mm in diameter. The quartz grains are
angular to rounded and most show secondary growth. Locally the

P grains form cilusters up to 5 mm in diameter, which megascopically

look like rounded phenocrysts of quarts. The quartz grains are in

- & matrix of sericite grains that on the average are less than 0.1 mm

in diameter. Larger grains of sericite, up to 1l mm in diameter,

occur sparsecly distributed throughout most specimens. Biotite
phenocryst, up to 2 mm in diameter, were observed in some sections.
The biotite ranges from dark-green and pleochroic biotite to an
almost clear ""bleached" biotite. Some of the biotite is altered to
chlorite. The origin of the clear mica is indicated by the euhedral
outline of the original biotite. The clear mica has a lower bire-

fl‘ingcncc than the sericite of the groundmass, and it is assumed to

;' be a hydromica. The euhedral outline of tabular feldspar pheno-

Crysts are found in some sections. The feldspar has been so highly

£ Mltered that it is impossible to determine its original composition.
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' In nearly all specimens, small cubes of pyrite are present,
and in some, chalcopyrite. In some specimens, in particular those
taken from near the rhyolite-Manitou dolomite contact, small calcite
veins (less than 1 to 3 mm. wide) cut the rhyolite. No accessory
minerals that might be expected in a3 rhyolite were observed.

At several exposures along the Akron tunnel and in the Akron
mine, the rhyolite is banded. This banding is so well developed that
it has been mistaken for bedding in what was thought to be a
"quartzite" (Shenon and Full, 1946). The bands range in thickness

" from less than an inch to 4 inches. Microscopic examination of

) these bands shows that the banding is the result of there being

' locally a difference in the amount of silicification. Near the center

. of each band is a small veinlet of quarts, and the wall rock on

" either side of these veinlets has been silicified outward with
decreasing intensity. Where the bands of silicification from two
parallel veins meet, the silicification has been the least, and along
this line of weakness a small fracture has been developed. The
combination of silicification and subsequent fracturing gives the
Appearance of bedding.

This formation has been so highly altered that it is

b ‘—ﬁlpouiblc to determine its original composition. The rock is
tsrmed a rhyolite because in mapping it has been shown to be an

"i57~':j latrusive rock and the residual biotite and feldspar phenocryst would
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indicate that the rock was probably originally a rhyolite. The Akron
mine workings were not accessible to Crawford (1913, pl. 4) and in
mapping the surface, he saw probably only the exposure west of the
Star fault on Forcupine Ridge. Without the underground exposures
it was logical from this exposure to think this formation was the
quartzite of his Tomichi limestone (Harding quartzite).

Sh;non and Full (1946) recognized this formation in the Akron
tunnel and in their report termed it the ''Akron formation.'' They
thought that the age was pre-Princeton quartz monzonite but
admitted that their brief exarnination of the area did not determine
the origin of the formation, or the part, if any, it \playecAl in
iocalizing the ore. They did send Professor G. E. Goodspeed of the
University of Washington 3 selected specimens, from which he made
and examined six thin sections. His conclusions, as stated by

Shenon and Full, were:

+ « « that two were fine-grained ;;ua.rtziten and that the

third was a rhyolite type rock, now almost entirely replaced
with fine-grained quartz.

M. G. Dings (Dings and Robinson) submitted six specimens
collected from the Akron tunnel to Clarence S. Ross of the U. S.

- Gealogical Survey, who made a brief petrographic study of the

_ ¥pscimens and the following report:
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The sections numbered 3, 4, 7, and 8 are highly meta-

morphosed quartzites, tending to confirm the conclusion of
Professor Goodspeed. The other two, Nos. 5 and 6 are approxi-
mately 50 percent quartz and 50 percent sodic plagioclase. There
is the presence of a few plagioclase phenocrysts which suggest
derivation from a rhyolitic rock. If it were not for these, one
would probably conclude that all were of similar origin, and
represent extreme metamorphism of sedimentary materials

of somewhat varying composition. However pseudophenocrysts
might result from the extreme metamorphism here represented.
On the other hand extreme silicification and metamorphism might
produce the entire series from an igneous rock.

Although the composition of the original rock is not definitely
known, microscopic study indicates that the rock has been subject to
at least three periods of hydrothermal alteration, and possibly some
metamorphism. The present rock, which on the average consists of
about 30 percent quartz grains, must have been formed by the silici-
fication of the original rock. The cataclastic texture--angular to
rounded quarts grains--would indicate that the rock had been subject
to considerable pressure and the secondary growths of quarts around
the quartz grains would indicate recrystallization as possibly a
result of metamorphism.

The sericitization followed the first stage of silicification.

As seen in thin-sections, suricite grains have replaced some of the
quarts grains. Locally, a later period of silicification controlled by
many small fractures replaced the sericite with decreasing intensity
the greater the distance from the fracture. This period of silicifi-
cation was accompanied by the introduction of pyrite and chalcopyrite,

8nd is believed to be related to the formation of the ore deposits.

The small veinlets of calcite that cut the rhyolite near its contact
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with the dolomite on the east, cut the silicification related to the
fractures. These probably were developed by hydrothermal solutions
that passed through the Manitou dolomite and then into the rhyolite;
also probably related to the formation of the ore deposits in the
dolomite.

Dikes of rhyolite cut the Ordovician Manitou dolomite and it is
therefore younger than this formation. The rhyolite is cut by the
Star fault and the fault has been intruded by the Princeton quartz
monzonite; t'he rhyolite is then older than the fault and older than the
Princeton quartz monzonite, which in turn has been cut by all other
intrusives of the Tomichi district. The rhyolite is then the oldest of
the intrusives, and is believed to be of Tertiary age as explained |

under the sections on the origin and the age of intrusive rocks.

Princeton Quartz Monzonite

The Princeton quartz monzonite of the Whitepine area is pa.rt'
of a large batholith that lies to the north and east of the area. In
this area, it extends from south of Spring Creek across the west
Valopc of West Pﬁint Hill to Galena Creek, where it is covered with
;;f‘xh:hl debris. Samples of it may be found in the prospect pits on
Porcupine Ridge to the north of Galena Creek and it undoubtedly
underlies the glacial cover on this ridge. It crops out again along a
"ml.ll westward-trending valley and along the east side of Tomichi

Creek Valley at the north end of the mapped area (pl. 1), A small

Rt o s
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plug of what is believed to be Princeton quartz monzonite crope out
just west of the Star fault on West Point Hill. Underground it is
exposed in the Akron tunnel (pl. 5). The iPrinceton quartz monzonite
is not well exposed in this area. Much of the area is forested and
the Princeton quartz monzonite has been mapped on the basis of float.
Its contacts with other formations were not observed at the surface.
Only its contact with the rhyolite is well exposed in the Akron tunnel.

The Princeton quartz monzonite and Princeton batholith were

;y’iﬁmed by’ Crawford (1913, p. 78) for Mt. Princeton, which is on the
. éast side of the Sawatch Range, as the bulk of this mountain is
composed of this formation. The Princeton batholith is one of the

_ largest bodies of Tertiary intrusive rocks in Colorado (Burbank,

cyiff’al. 1935). It is a small batholith with a maximum diameter of

?::“'about 20 miles. A most notable discussion of the Princeton batholith,
its distributiop, its age, and petrographic_ relationship to other
Tertiary intrusive of central Colorado is given by Crawford in,"A

. Contribution to the Igneous Geology of Central Colorado," Am. Jour.

'[ sci., Sth sex., V. T, ppP. 365-388.

The Princeton quartz monzonite in the mapped area is typically
iguy. bluish-gray, or, but rarely, white, medium- to coarse-

Wlud equigranular rock. Locally it may be porphyritic. Weathering
does not ordinarily appreciably change its color, but in several places,

Specially in the south end of the district, highly weathered parts are
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difficult to distinguish from the pre,Cﬁambrian Silver Plume granite.

st

)
In hand specimen the minerals that may be recognized are:

white orthoclase (sometimes pink), gray to bluish-gray plagioclase
feldspar, glassy quartz, fresh shiny black biotite plates (many of
which are euhedral), dull green hornblende, amd typical of the
Princeton, cinnamon~brown euhedral crystals of sphene.

Studies of thin-sections show that this formation, where

" unaffected by the intruded rocks, is surprisingly uniform ia composition

and grain.,size. The typical thin-sections show that the rock is a
"kyptutomorphic granular rock consisting essentially of plagioclase
feldspar, orthoclase, quarts, biotite, and hornblende, with accessory
minerals of sphene and black iron-oxides, probably both magnetite and
: ) i}menitc .

;- . -The plagioclase feldspar is usually more abundant than ortho-
clasa. It occurs as subhedral to anhedral grains of less than 1 to 6
ni’n. in length. It shows polysynthetic twim;iug. zoning, and a few

" grains enclose grains of biotite and hornblende. In composition, it

s mostly labradorite but there is some andesine; the composition

ranges from Ab4o An60 to AbSO An.m.

The orthoclase occurs as anhedral grains with slightly ''dusty"
surfaces due to alteration, and it poikilitically encloses all other
fﬂuprall except quartz. The grains range from less than 1 to 4 mm.

f.&,dhmcur. A fow graini may show micrographic intergrowths of

quarts,
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The quartz occurs in anhedral grains of from less than 1 to 3 mm.
in diameter. It is usually clear, rarely containing a few inclusions
or gas bubbles.

In the Whitepine area, the biotite in the Princeton quart:

monzonite is in excess of hornblende. It occurs as euhedral to

anhedral grains of from less than 1 to 3 mm. in diameter. It is

usually black and strongly pleochroic aithough a few grains may be

"kbloached or altered to chlorite and magnetite around their edgas._

B The hornblende occurs in anhedral grains that appcar crushed,

i and it ranges from less than 1 to 6 mm. in length. It is dark green
w‘ black and strongly pleochroic; the edges of some grains may be
£ered to chlorite and magnetite.

| The accessory minerals include sphene in euhedral crystals of
f.ul than 1| mm. in length, and opaque iron oxides( probably magnetite
n\d ilmenite). | .
The apparent order of crystallization was accessory minerals
ﬁxcept for some magnetite derived from the alteration of the ferro-
%‘p\oaitn minerals), hornblende, biotite, plagioclase, orthoclase,
it quarts.
‘ The following table lists two chemical analyses and two

ral analyses of typical specimena of Princeton quarts monszonite.

N’p the second mineral ml‘ylds is of a sample from the area

Mué by this report. This sample came from the Akron tunnel.



87

Chemical and Mineral Analyses of Princeton Quartz Monzonite

— —
— —

Mineral composition of

~ Chemical Analyses . Taylor Mt. quartz monzonite
~ (Rosiwal method by R. D.
Crawford, 1913, p. 1485)
Gulch south of Taylor
Williams Pass 1/ Mt. 2/

Si()2 . 65,37 67. 64 Quarts 18.8
Aly0, 17.04 14.758 Orthoclase 25.8
1'0203 2.30 0.81 Plagioclase 42.5
" FeO 2,16 1.95 Hornblende 2.9
- MgO 0.63 0.94 Biotite 8.2
. Ca0 3.37 - 3.98 Iron ore 1.2
3.76 3.40 Titanite 0.6
4,20 4.06 100.0

0.06 0.13 Mineral composition of
Princeton quartz monzxonite
0. 34 0.19 f{rom Akron tunnel (Rosiwal

method by C. S, Robinson)
0. 48 1. 36 Quarts 21.1
cnnee trace Orthoclase 29.0
0.21 0. 20 Plagioclase 31.8
canw- 0.08 Hornblende 3.4

1/ Mt. Princeton quartz monzonite, Gulch south of Williams Pass

Quarts Creek district, Golorado. Leonard Shapiro, U.8. Geol. Survey,
smalyst, Na,O and l{ZO determined with flame pf:otomttor by S. M,

Berthold, U.S. Geol. Survey.

_l_l Mt. Princeton quartz monzonite, Taylor Mountain, Monarch
district, Colorado. From Crawford (1913, p.144). R.M,Butters,

: ml, ot,
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Chemical and Mineral Analyses of Princeton Quartz Monzonite (cont.)

Mineral composition of
Princeton quartz monsonite
from Akron tunnel (Rosiwal
method by C. S. Robinson)

Chemical Analyses

Gulch south of Taylor

Williams Pass Mt.
MnO 0.08 0.27 Biotite 12.8
(3()'z 0.08 ceoe Iron-oxides 1.6
' BaO 0.16 - Sphene (Titanite) 0.6
100,24 99.76

100.0

ﬂ

—————
s ———

u
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Distributed throughout the Princeton quartsz monzonite are
dark colored, ellipsoidal bodies that range from |l © 12 inches in
diameter, They are fine-grained to aphanitic and porphyritic; the
phenocry;tn are plagioclase. These bodies consist chiefly of
plagioclase feldspar, blotite, and hornblende.. The mafic minerals
constitute about a third of the rock. A few crystals of orthoclase
and qmr-tz may be recognized in most specimens and the accessory
minerals are sphene and iron-oxides, They grade into the surround-

ing Princeton quartz monzonite through border zones less than 10

- mm, wide.

These dark bodies are believed to be basic segregations of
the Princeton magma. Dings and Robinson (in preparation) found
that these bodies were of rather uniform composition and size and
~ that they were evenly distributed throughout the Princetom batholith.
Also no rock types similar to these bodies were observed in mapping
the Garfield quadrangle. 1f these bodies w;re inclusions, they
would be expected to have a wider range in size and be more
abundant near the borders.
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