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GEOLOGY AND ORE DEPOSITS OF THE METALINE QUADRANGLE, WASHINGTON

By C. F. Park, Jr, and R. S. CanNoN, Jr.

ABSTRACT

The Metaline quadrangle is in’the extreme northeast corner
of Washington State. In the northern part of the quadrangle
the Pend Oreille Mountains are steep and rugged, but to the
south they are more subdued and .rounded. The region is
crossed by the nortbward-flowing Pend Oreille River, along
which are two well-developed terrace levels. Except for the
highest peaks, the region has been covered by the Cordilleran
ice sheet, and both depositional and erosional glacial features
are abundantly developed.

Pre-Cambrian rocks crop out over a large area in the east-
central part of the quadrangle. These rocks include the com-
plex Priest River group, unconformably overlain by about 5,000
feet of Shedroof conglomerate and 5,000 feet of Leola volcanics.
Above the pre-Cambrian is 20,000% feet of Cambrian and prob-
able Cambrian rocks that include, in ascending order, the Monk
formation of schists, grits, and limestones, 3,800 feet more or
less; the Gypsy quartzite, 5,300-8,500 feet; the Maitlen phyllite,
5,000 feet ; and the Metaline limestone (limestone and dolomite)
3,000 feet. Overlying the Metaline limestone is about 2,500 feet
of carbonaceous Ordovician slate (Ledbetter slate) and 700
feet of Devonian limestone. Above the Paleozoic formations in
the Pend Oreille Valley are remnants of poorly sorted semi-
consolidated clastic sediments of Tertiary age, the Tiger forma-
tion.

The southern half of the quadrangle is.underlain by the
Kaniksu batholith, a mass consisting predominantly of quartz
monzonite of Cretaceous (?) age, which is considered to be
genetically related to the Nelson batholith, to the north, and
the Idaho batholith, to the southeast. Three facies of the
intrusive rock are recognized—a biotite facies, a muscovite
facles, and a porphyritic facies. Along the borders the igneous
rock is fine-grained and contains large quantities of ferromag-
nesian minerals, both biotite and amphibole. An igneous meta-
morphic zone is developed around the instrusive mass. This
zone, which is as much as 4 miles wide, consists of an inner
ring of hornfels and marbles and an outer ring of crystalline
schists and marbles. The igneous metamorphic rocks are of
two types—(1) recrystallized and (2) altered to silicate min-
ernls. Silica was the principal material added during the
metamorphism, but large quantities of water facilitated the
transfer of materials. The metamorphic minerals are iron-poor.

The complex structure of the sedimentary and metamorphic
rocks has a prevailing northeastward trend. Folding, which
passed into low-angle faulting, was the earliest deformation of
which evidence has been recognized. It was followed by
steeply dipping northeastward-striking thrust or normal faults
and later by northwestward-trending normal faults that may
have been caused by intrusive forces. The Pend Oreille Valley,
a1 much-broken block bounded on the east and west by steeply
dipping faults, is underlain principally by the Maitlen phyllite,
the Metaline limestone, and the Ledbetter slate. The faults to
the west, the Flume Creek and Russian Creek faults, have an

.

offset of at least 10,000 feet. The Flume Creek fault trends a
little east of north nearly to the Canadian border, where it
swings abruptly into the Russian Creek fault a few degrees
south of west. Prefault linear structural features, defined as
intersections of bedding planes with axial planes of fnlds, trend
at angles of 30°—40° from the Russian Creek fault and persist
with the same strike and pitch on both sides of the fault—
facts that are interpreted to mean that displacement on this
fault had no rotational component. Foliation planes, particu-
larly in the older rocks, cut and obscure the bedding. In many
of the phyllitic rocks a pseudobedding or compositional layering
is developed.

Lead-zinc deposits were reported in the Pend Oreille Valley
in 1869, but it was not until 1928 that large bodies of com-
mercial ore were found. The production from 1906 to 1937,
inclusive, is valued at $3,327,331. In late years zinc has been
the principal metal produced. Because of the recent develop-
ment of considerable bodies of ore and the large amount of
unexplored but geologically favorable ground, the future of the
district seems to be assured for some years. The ores are
generally of low grade, containing 5 to 15 percent of combined
zinc and lead, and economic success depends in part on eflicient
handling of large tonnages. )

Three principal types of ore deposits are recognized—(1)
replacement deposits in carbonate rocks not in the igneous-
metamorphic zone, including minor amounts of ore filling open
cavities; (2) closely related replacement deposits in igneous
metamorphic rocks; and (3) lodes, mined heretofore chiefly
for their silver content.

The principal replacement deposits are in the dolomitic Meta-
line limestone in the Pend Oreille and tributary valleys. The
ores are in the hanging-wall blocks of large normal faults,
particularly the Flume Creek and Slate Creek faults, although
other: fault blocks are mineralized. The replacement ores occur
generally along minor breaks and in crackle breccia bodies. So -
far as now known, ore of this type is confined to the'upper part
of the Metaline limestone, less than 500 feet below the Led-
better slate. The ores are generally associated with and occur
in dark-gray jasperoid; around the jasperoid and ore coarse-
grained white calcite and crystalline dolomite are commonly
found. The calcite and dolomite were not introduced by the
silica and ore-bearing solutions but were removed from the
replaced carbonate beds by these solutions and redeposited in
more favorable situations. The mineral composition of the ores
is simple, sphalerite and galena being the common minerals.
Oxidation of the ore is shallow, and in many places sulfides
are on or within a few feet of the surface. Numerous caves
are found in the largest mine, the Pend Oreille. These caves
are in breccia zones along fractures and were probably formed
by circulating meteoric waters below ground-water level.

The lode deposits are mostly in the Ledbetter slate and the
Monk formation. Silver-bearing tetrahedrite is found in a
quartz and carbonate gangue with galena and other sulfides.

1



INTRODUCTION
LOCATION AND ACCESSIBILITY

The Metaline quadrangle is in the extreme north-
east corner of Washington and extends about 114 miles
into northwestern Idaho. It covers an area of about
800 square miles between longitude 48°30” and 49°

GEOLOGY AND ORE DEPOSITS OF THE METALINE QUADRANGLE, WASHINGTON

crombie Mountain from the center of sec. 32, T. 40 N.,
R. 43 E., and a road up Russian Creek to the Frisco
Standard mine were particularly helpful.

Ione, Metaline Falls, and Metaline are the principal
towns, and a few small settlements and farms are
scattered along the Pend Oreille Valley. Camps are
maintained on Government lands by the Forest Serv-
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FIGURE 1.—Index map of Washington showing location of the Metaline quadrangle.

(international boundary) and latitude 117° and 117°30”
(fig. 1). :

A branch line of the Chicago, Milwaukee, St. Paul
& Pacific Railroad extends from Newport to Metaline
Falls, and daily bus service to Spokane is maintained
by the same company. An excellent paved highway
extends through Metaline Falls from Spokane north-
ward to the Canadian border. A gravel road to Col-
ville leaves the Pend Oreille Valley at Tiger and is
at present the main link with the country to the west.
The United States Forest Service maintains and in
recent years has greatly extended an excellent system
of roads and trails in the Kaniksu National Forest
east of the Pend Oreille River. In 1936 and 1937 the
United States Resettlement Administration purchased
much of the land west of the river and opened several
roads and trails into country that was formerly diffi-
cult to traverse. A trail up the east slope of Aber-

ice, Civilian Conservation Corps, and Resettlement
Administration, and there are a few temporary lumber
camps and small farms here and there along the prin-
cipal tributaries of the river.

TOPOGRAPHY

The dominant topographic feature of the Metaline
quadrangle is the valley of the Pend Oreille River,
which flows from south to north through the west
center of the area. Rugged highlands that rise from
south to north border both sides of the river and are
partly dissected by the many tributary streams.

The mountains have been called the Pend Oreille
Mountains by Daly,! but the name is seldorm used lo-

1Daly, R. A, The nomenclature of the North American Cordillera
between the 47th and 53d parallels of latitude: Geog. Jour., vol. 27,
pp. 588, 599, 1906.
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cally. Northward they merge into the rugged Selkirk
Range of British Columbia. FEast of the river most
of the peaks are named; the highest is Gypsy, at an
altitude of 7,318 feet, although many have altitudes
over 6,000 feet. The highest point west of the river
is Abercrombie Mountain, at an altitude of 7,308 feet,
although Fooknose, at 7 203 feet, is one of the most
conspicuous landmarks.

Except for the constriction at Box Canyon, the Pend
Onreille River south of Metaline Falls is a wide sluggish
stream that contains many bars and islands during
normal and low-water stauges. North of Metaline
Falls the river flows turbulently through a series of
narrow gorges. Just north of the Canadian border
the viver swings westward and eventually makes its
way into the Columbia. The principal tributary
streams from the east ave, from south to north, Le
Clere Creek, Harvey Creek, Sullivan Creek, and Slate
+ Creek. West of the river the streams are small and
short; the largest is Ruby Creek.

The drainage of much of the eastern part of the
~ quadrangle is tributary to Priest Lake and the Priest
River to the east.
Creek, Granite Creek, Gold Creek, and Hughes Creek.
The south fork of the Salmo (Salmon) River flows
northwestward through the extreme northeast corner
of the area. This stream joins the Pend Oreille
River a few miles east of its junction with the
Columbia.

Sullivan Lake, 3 miles long and half a mile wide, is
the largest of many glacial lakes in the area. It is
an easily accessible and delightful summer resort.

CLIMATE AND VEGETATION

Most. of the precipitation in the Metaline area falls
during the cold winter months as snow. The summers,
from June until early September, are generally hot and
dvy, but during this period thunderstorms are com-
mon, particularly in the mountains. Considerable
range in temperature is found between the high
country and the sheltered valleys, although the nights
everywhere ave generally cool. The average annual
precipitation near Sullivan Lake over a period of 8
years was 26.39 inches.

With the exception of some of the high ridges,
burned areas, and the soil-free quartzite slopes, the
region is heavily forested. To the south yellow pine
thrives in the sandy granitic soil. Farther north
white pine, cedar, hemlock, two varieties of fir; and
spruce are the most valuable trees, although tamarack,
lodgepole pine, birch, white-bark pine, and several
other trees and many types of brush are abundant.
The most easily accessible and best timber has been

logged off, and the dry slashings and dense second
" growth are serious fire hazards during the dry summer.
The Sullivan Creek drainage basin east of Sullivan
Lake is the only area in the quadrangle that has been

The principal streams are Kalispell

“ where most of the known mineral deposits occur.

free from disastrous fires. Much of the quadrangle is

" covered with piles of charred fallen timber, which

locally is concealed by alder and young tamarack or
lodgepole pine, the combination constituting an almost
impenetrable maze. Elsewhere the country, has been
burned over two or more times and is practically de-
void of vegetation. (See pl. 15, B.)

FIELD WORK AND ACKNOWLEDGMENTS

The field work upon which this report is based was
done from June 1 to October 1, 1936, and from May 15
to October 15, 1937. G. R. Gibson very ably assisted
the senior author for 3 months during 1936. Mr.
Cannon was assigned to the project in May 1937 and
has helped in every phase of the work since then.
The study has profited greatly from visits in the field
by J. T. Pardee, D. F. Hewett, and W. C. Mendenhall.
Mr. Park revisited the district for 2 weeks in October
1938.

It is a pleasure to acknowledge the whole-hearted
and generous cooperation of the people of the region,
without exception. Particular thanks are due to L. P.
Larsen, C. A. R. Lambly, John Currie, and E. H.
Miller, of the Pend Oreille Mining & Milling Co., and -
to H. F. Mills and D. 1. Hayes, of the Metaline
Mines & Leasing Co. for access to mine openings and
diamond-drill cores, as well as for many other cour-
tesies. The United States Forest Service has kindlys.
furnished copies of aerial photographs of nearly the
entire quadrangle, and many pleasant and profitable
contacts have been made with the Forest Service field
men. '

Thanks are also due to the members of the Geologi-
cal Survey with whom the numerous problems that
arose during preparation of the report have been
freely discussed, particularly J. T. Pardee, A. C. Spen-
cer, James Gilluly, H. G. Ferguson, and T. B. Nolan.
Many ideas embodied in the report have arisen from
such discussions and any value that the publication
may have owes much to this helpful interchange. The
photographs of hand specimens and the photomicro-
graphs were taken by N. W. Shupe.

SCOPE OF THE REPORT

The study of the Metaline quadrangle was under-
taken primarily as a study of the metalliferous de-
posits of the area. For this reason the available time,
both in the field and in the office, has been largely
devoted to consideration of the Pend Oreille Valley,
The
entire quadrangle has been mapped, although outlying
areas were not covered in the same detail as the Pend
Oreille Valley. For readers interested only in the
mineral deposits much of the report dealing with gen-
eral geology, structure, and development of the
topography may well be neglected.
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GENERAL GEOLOGY
PRINCIPAL FEATURES

The Metaline quadrangle contains sedimentary and
metamorphic rocks that range in age from pre-Cam-
brian to Devonian. (See pl. 1.) They are intruded
by a batholith, probably of Cretaceous age, that under-
lies the southern half of the quadrangle. Uncon-
formably overlying both the batholith and the older
rocks is a loosely consolidated formation considered
to be of Tertiary age. Much of the low country is
covered by a thin veneer of Quaternary debris, de-
posited by waning glaciers and their attendant streams.
The total thickness of the Paleozoic section is about
23,000 feet, of which 20,000 feet is Cambrian, 2,500 feet
Ordovician, and 700 feet Devonian. The upper pre-
Cambrian is a greenstone volcanic formation (Leola),
underlain by the Shedroof conglomerate. These two
formations aggregate about 10,000 feet and overlie an
unknown thickness of metamorphosed sedimentary and

‘igneous rocks.

Detailed correlation of the rocks with those of
nearby areas other than to the north is not possible in
the present state of knowledge. To the north the con-
tinuation of the strata has been mapped by Daly and
Walker in the Salmo map area 2, and a table correlat-
ing the formations described by them with the strata
of the Metaline quadrangle is given on page 6.

“Both Daly and Walker correlated the beds in the
Salmo map area with strata to the north and east.

The geologic structure (see pl. 1) is similar to that
in surrounding areas where Paleozoic and older rocks
are tightly folded. Examples of the folds are the
Hooknose anticline, the Hall Mountain anticline, and
the anticline west of Lost Lake. In places the folds
pass into faults, such as the Ridge fault and the low-
angle thrusts near the Riverside and Bella May prop-
erties. The early deformation, comprising folding
and faulting, was followed by a period of additional
faulting, during which the prominent Flume Creek
and Russian Creek faults were formed.

Other major faults are the Slate Creek and Harvey
faults, each with normal displacements, and smaller
faults are widely distributed throughout the region.
The evidence for faulting is generally stratigraphic
offset, although in a few places the actual fault sur-
faces and gouge and breccia were seen.

3 Daly, R. A., Geology of the North American Cordillera at the 49th
parallel : Canada Geol. Survey Mem. 38, chart facing p. 178, 1912.
Walker, J. T., Geology and mineral deposits of Salmo map area, B. C.:
Canada Geol. Survey Mem. 172, pp. 2-10, 1934,
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Correlation of formations in Metaline quadrangle and Salmo map area

. Salmo map area
Metaline quadrangle (this report)
R. A. Daly, 1912 J. F. Walker, 1934
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GEOLOGIC FORMATIONS
 PRE-CAMBRIAN ROCKS

PRIEST RIVER GROUP

The name “Priest River group” is applied to the
metamorphic rocks stratigraphically below the Shed-
roof conglomerate. The group was described by Daly
as the Priest River terrane, unconformably overlain
by basal conglomerate of the Summit series (Irene
conglomerate).?

The Priest River. group is a complex sequence of
metamorphic rocks that includes phyllites and schists,
limestones, dolomites, quartzites, and volcanics. The

" beds are generally much distorted and sheared, as

shown in plate 2, 4, and sufficient time was not avail-
able to permit a careful study of the group. On the
map (pl. 1) rocks of the Priest River group are shown

3 Daly, R. A., Geology of the North American Cordillera at the 49th
parallel : Canada Geol. Survey Mem. 38, pp. 258-271, 1912,

in one color, except that where beds of quartzite and
volcanic rocks were traced they are differentiated.

-The rocks are predominantly phyllites, derived in
part from limy sediments and in part from volcanic
rocks. Between Pass Creek and Harvey Creek lime-
stone predominates in exposures but is commonly
interbedded with phyllite and quartzite.

The phyllites in general are finely crystalline, and
the individual minerals cannot be distinguished with-
out a microscope. They contain widespread and abun-
dant chlorite and sericite, and many of the rocks are
similar in degree of metamorphism ¢ and in lithologic
character to the younger Monk formation and the
Maitlen phyllite. Although in general the Priest
River group is more metamorphosed than the younger
formations, it is somewhat surprising to find metamor-
phism of so low a grade in rocks that have had so
complex a geologic history as these.

4Knopf, E. B., Retrogressive metamorphism and phyllonitization :
Am. Jour. Sci., 5th ser., vol. 21, p. 5, 1931.
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SHEDROOF CONGLOMERATE
DISTRIRUTION

A conglomerate of unusual type is exposed in a
broad belt that crosses the international boundary at
the northeast corner of the Metaline quadrangle.
Daly named this the Irene conglomerate formation,
which he defined as the basal member of the Summit
series, deposited unconformably upon the Priest River
group and transitional into the overlying volcanic
rocks.® The Shedroof conglomerate of the present
report, named from the excellent exposures on Shedroof
Mountain, rvefers to the rocks of this belt. Lithologi-

cally similar conglomerate occurs also at a higher ho--

vizon, at the base of the Monk formation, but for con-
venience it is described with the Monk. .

The Shedroof conglomerate crops out from the
northeast corner of the quadrangle south-southwest-
ward for nearly 8 miles. At Thunder Mountain this
belt divides into two that continue toward the south-
west, where they arve involved in the Pass Creek fault
zone. Still farther to the southwest the continuation of
this zone is presumably represented by the narrow
belt of conglomerate which can be traced southwest-
ward across Noisy and Harvey Creeks nearly to the
edge of the Kaniksu batholith,

In two areas of greenstone far removed from any
known exposure of Shedroof conglomerate the surface
is conspicuously strewn with huge angular boulders of
the conglomerate. One of these localities is the ellipti-
cal greenstone area between Granite Creek and Gold
Creck; the other is in an area of poor scattered expo-
sures of greenstone southwest of Tiger. Large quan-
tities of Shedroof conglomerate fragments are also
found on the Priest River rocks on the ridge in sec. 22.
T.38N,R. 44 E.

Shedroof conglomerate crops out moderately well
and, indeed, forms the high rugged peaks in the area
north of Thunder Mountain. It is noteworthy, never-
theless, that the conglomerate is best exposed where the
internal structure (schistosity) of the rocks intersects
the ground surface at a large angle. The degree of
exposure is presumably controlled by the dominant
schistosity of the conglomerate rather than by the ex-
tremely inconspicuous bedding. Along the eastern
“scarp” slope of the Round Top and Thunder Moun-
tain ridge the conglomerate is well exposed. Along
the west side of the same ridge on the long “dip”
slope to Sullivan Creek, and particularly in the area
surrounding the junction of Sullivan and Pass Creeks,
outcrops of the conglomerate are both scarce and
poorly exposed. Ledges of the conglomerate tend to
break into great angular blocks, and even in areas
where the conglomerate is poorly exposed the surface
is commonly littered with similar large fragments.

o Daly, R. A., Geology of the North American Cordillera at the 49th
purallel : Canada Geol. Survey Mem. 38, pp. 141-144, 1912,
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THICKNESS AND STRATIGRAPHIC RELATIONS

A close estimate of the thickness of the Shedroof
conglomerate is at present impossible. IEven the more
general structural features remain uncertain because
of the scarcity of visible bedding planes in the rock.
Nonetheless, the available data are ample to indicate
remarkable variation in the thickness of the conglom-
erate along the strike. In the vicinity of Shedroof
Mountain the formation is exposed in a band 3 miles
wide. Southeast of Shedroof the basal contact dips
about 30° NW. North of Shedroof the upper con-
tact dips about 50° N'W. under the Leola volcanics.
The few bedding dips that can be seen in this section
are generally not steeper than 45°. The maximum
thickness computed from these scanty figures would
be approximately 11,000 feet. However much in error
this figure may be, the absolute minimum thickness of
the conglomerate in this section, computed on the basis
of the relief at Shedroof Mountain and the assumption
of no duplication of strata, is 3,000 feet. In the table
the thickness of the formation has been given as
*+5,000 feet. The supposed southern extension of this
belt south of Hall Mountain, on the ridge between
Harvey and Noisy Creeks, has a maximum thickness
between 600 and 1,200 feet, which decreases gradually
along the strike of the belt toward the southwest.
Where this same stratigraphic level reappears between
Dry Canyon and the valley of the Pend Oreille south-
east of Tiger, the band of Shedroof conglomerate is
missing and the Leola volcanics rest directly upon
limestone of the Priest River group.

LITHOLOGY AND INTERNAL STRUCTURE

Megascopic features~The chavacteristic Shedroof
conglomerate is a coarse, very poorly sorted rock with
a dingy gray-brown aspect. Most of the fragments (a
term used here to denote particles larger than half an
inch in diameter) have diameters ranging between 1
and 8 inches, although many are smaller and a few
irregular blocks of limestone have diameters of 5 feet
or more. (See pl. 2, B.) TFragments of white to
reddish-brown quartzite are almost equally .abundant
with dolomite fragments of similar color, many of
which weather buff. A few pieces of black slate or
phyllite and a single pebble of granitic rock were seen
in the conglomerate. .The fragments, which generally
constitute 50 to 85 percent of the rock, are embedded
in a matrix of gray sandy phyllite, which weathers to
a brown pitted surface, as if calcareous.

Several lithologic variations from the dominant type
of conglomerate were noted in the field. A gritty
sandstone bed is shown in plate 3 4, and layers of
similar sandstone and gritty conglomerate have been
found at several other localities. Thin interbeds of
dolomite, which can be traced for only short distances
along the strike, occur near the base of the conglomer-



8 GEOLOGY AND ORE DEPOSITS OF THE

ate on the spurs east and northeast of Thunder Moun-
tain and in the conglomerate layer at the base of the
Monk formation.

From the northeast corner of the quadrangle south-
westward along Sullivan Creek the upper contact of
the Shedroof conglomerate with the Leola volcanics
is marked by a zone of transition several hundred feet
thick, in which the matrix of the conglomerate gradu-
ally changes from gray to green, the proportion and
size of fragments is smaller, and the bedding planes
are fairly distinct. (See pl. 3, B.) This transition
rock seems to pass gradually upward into schistose
greenstone or green schist without fragments. A simi-
lar but narrower zone separates the belt of Shedroof
conglomerate from overlying greenstone along the
east side of the ridge from Round Top to Thunder
Mountain. -

A rather similar transition from the dominant type
of Shedroof conglomerate to silvery-gray and greenish-
gray phyllite or phyllitic schists is thought to occur
commonly. This phyllite may correspond to the
matrix of typical Shedroof conglomerate, merely lack-
ing the fragments. Although generally a remarkably
homogeneous fine-grained phyllite, it is locally sandy
and possibly elsewhere limy. Rock of this type occurs
principally in the area of poor exposures on the west
slope of the Round Top and Thunder Mountain ridge
down to Sullivan Creek. Consequently no such transi-
tion zones are thoroughly exposed, although the two
end members are intimately associated with one
another and with intermediate types. In some
places—for example, on the Pass Creek road at the
mouth of Thor Creek—the areas mapped as conglom-
erate include some exposures of the phyllitic rock. The
wedge-shaped area underlain almost exclusively by the
phyllite from Thunder Peak southwest to the head-
waters of Stony Creek, in T. 39 N., R. 45 E., has been
differentiated on the map.

Visible bedding planes were recognized in scarcely
a score of exposures throughout the large area under-
lain by the conglomerate in this quadrangle. In most
of these exposures schistosity crosses the bedding at an
appreciable angle, as illustrated in plate 3, 4. In most
outcrops of the conglomerate the fragments have been
flattened to triaxial ellipsoids, with a common orienta-

. tion, as a result of the deformation that produced
schistosity. In other outcrops only linear structure
and a linear elongation of fragments can be detected.
These secondary metamorphic features are found
throughout the Shedroof conglomerate and dominate
the aspect of the rock. (See pl. 4.) Many fragments
are thombohedral in section, and at least some of these
were formed by the breaking and rotating of larger
fragments and layers, as shown in plate 2, ¢. The
limestone fragments are commonly more angular in
outline than adjacent rounded quartzite fragments;
this curious difference may have resulted from greater

METALINE QUADRANGLE, WASHINGTON

ease of distortion of the limestone than of the quartz-
ite during the deformation of the rock.

The Shedroof conglomerate is readily 1dent1ﬁed in
outcrops by its dingy, rotted aspect; its general lack
of bedded structure; the presence of - light-colored
limestone, dolomite, and quartzite fragments almost to
the exclusion of other rocks; the flattened or stretched

| shape of its fragments; and commonly the greater size

and angularity of the limestone fragments.

Microscopic features—A thorough petrographic
study of the Shedroof conglomerate is beyond the
scope of this report, and only a few thin sections were
examined. The smaller particles of the conglomerate,
as seen in these sections, consist principally of quartz-

Sericite

Freurp 2.—Camera lucida sketch of part of a thin section of Shedroof
conglomerate. Shows (1) enlargement on ends of grain, growth of
optically continuous quartz into and probably replacing sericite;
(2) removal of part of original quartz grains at sides, either mechani-
cally by shearing or chemically by solution; (3) at ends of quartz
grain sericite foliation not bending conformably around gmin but
heading directly into it.

ite, coarse-grained quartz, dolomite, and fragments of
sericitic rock, possibly altered shale. Some of the
quartzite fragments are fine-grained and contain appre-
ciable amounts of sericite and either microcline or
albite. The green facies of the conglomerate is char-
acterized by numerous particles that now consist largely
of chlorite.

The matrix is dominantly sericite and fine-grained
quartz, with variable amounts of carbonate. Chlorite
and biotite are minor constituents. A few rounded
grains of tourmaline and zircon are apparently detrital
particles.

The schistosity of the conglomerate is shown clearly
in thin section by the parallel alinement of sericite,
biotite, and chlorite flakes and the long axes of the
pebbles. The relations shown in figure 2 indicate that
some migration of silica occurred during the meta-
morphism that caused the schistosity. In specimens
containing abundant carbonate the outlines of the peb-
bles have been largely destroyed owing to the great
degree of recrystallization of the carbonate.
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CONDITIONS OF DEPOSITION

Daly ¢ postulated a great unconformity at the base of
the Shedroof conglomerate and considered the debris in
the conglomerate to be derived from the underlying
Priest River group. In the Metaline quadrangle such
an unconformity has not been unequivocally demon-
strated, but its presence is indicated by the following
evidence: The pebbles in the Shedroof conglomerate
have probably been derived from the Priest River
group, but wherever the base of the Shedroof con-
glomerate has been examined the bedding in the Priest
River rocks is apparently parallel to the surface on
which the conglomerate was deposited. However, the
base of the conglomerate from the northeast spur of
Thunder Mountain to the east spur of Round Top
Mountain is underlain by phyllite of the Priest River
group, which throughout this distance contains thin
beds of quartzite, whereas the base of all conglomerate
southwest of the Round Top fault apparently rests on

a limestone bed of the Priest River group and is par-.

allel to the bedding in the limestone.

Judgment concerning the importance of an uncon-
formity at the base of the Shedroof should wait upon a
detailed study of the stratigraphy and structure of the
Priest River group and a satisfactory explanation of
the origin of the conglomerate itself.

The conglomerate may be a fanglomerate, although
its origin is not entirely clear, and the wide deposition
of such immense quantities of uniformly coarse debris
is difficult to explain.
are:

(1) Its association with and gradation into green-
stone is nearly invariable.

(2) Its thickness is extremely inconstant.

(3) The fragments comprise (a) quartzite, dolomite,
phyllite, schist, rarely granitic rocks, thought to be
derived from Priest River group, and (b) small round
quartzite cobbles and pebbles mixed with large angular
limestone fragments. Volcanic fragments are absent,
except in the transition zones to the Leola volcanics.

(4) The matrix consists of sericite, quartz, carbonate,
chlorite, and biotite.

(5) There is a nearly complete lack of sorting; bed-
ding is shown by a few sand and dolomite beds; graded
bedding was seen at only one place.

(6) There may be a stratigraphic hiatus below the
Shedroof conglomerate.

AGE

The Shedroof conglomerate is assigned to late pre-
Cambrian time, as it underlies and is gradational into
the Leola volcanics, which are also considered to be
late pre-Cambrian.

° Daly, R. A., Geology of the North American Cordillera at the 49th
parallel : Canada Geol. Survey Mem, 38, p. 142, 1912,

Points relating to the origin

LEOLA VOLCANICS
DISTRIBUTION

The greenstone and green schist that lie in the belt
between the Shedroof conglomerate and the base of the
Monk formation are called the Leola volcanics, from
the section at Leola Peak, where they are fairly well
represented. The extension of this belt north of the
international boundary is essentially the Irene volcanic
formation of Daly.” Although the Leola volcanics in-
clude principally altered volcanic rocks, they are dis-
cussed here with the sedimentary rocks as an integral
part of the stratigraphic sequence.

The Leola volcanics crop out at the top of the Shed-
roof conglomerate from the international boundary to-
ward the southwest, where they appear to pinch out
before reaching Pass Creek. To the south presumably
the same belt reappears at the top of the Shedroof
conglomerate south of Hall Mountain, extending south-
westward and southward around the border of the
Kaniksu batholith to Anderson Lake. A few scattered

| outcrops of poorly exposed greenstone southwest of

Tiger and the greenstone(?) inclusion in the batholith
3 miles southwest of Molybdenite Mountain may orig-
inally have been parts of this principal greenstone belt.

A continuous band of greenstone similar to the Leola
is exposed at the top of the lower belt of Shedroof
conglomerate from Round Top to the east side of
Thunder Mountain. Small areas of greenstone are
exposed elsewhere, possibly interbedded or infolded
within the Shedroof conglomerate, especially east of
Shedroof and near Mankato Creek. Greenstone also
appears at the base of the conglomerate east of Round-
top Mountain. Similar greenstone and green schist are
exposed within the Priest River group, notably in a
large elliptical area between Granite Creek and Gold
Creek and several smaller areas south of Granite Creek.

Although the green schists are in general poorly
exposed, the more massive greenstones crop out rather
well. The massive rock commonly forms rugged hills
and ridges, especially where adjacent to weaker mate-
rials. Less commonly than in the Shedroof conglom-
erate, ledges of greenstone break down to form great
blocks and boulders.

THICKNESS AND STRATIGRAPHIO RELATIONS

Estimates of the maximum apparent thickness and
of variations in apparent thickness of the Leola vol-
canics are of the same order of magnitude as corre-
sponding figures for the Shedroof conglomerate. The
data on which these estimates arve based are even fewer
and less reliable than those for the Shedroof.

The Leola volcanics have an apparent thickness of
about -4,500 feet on the Salmo-Shedroof ridge. The

7Daly, R. A., Geology of the North American Cordillera at the 49th
parallel : Canada Geol. Survey Mem. 38, pp. 144-147, 1912,
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maximum apparvent thickness of this formation is
about 9,000 feet in the vicinity of Green Mountain
(Prouty Lookout). The thinning and pinching out
of the belt south of Green Mountain are due in part
to faulting. The supposed extension of this belt from
Noisy Creek to Anderson Lake nowhere shows an ap-
parent thickness greater than 5,000 feet, although the
upper part of the volcanics is cut off by the Harvey
fault, and the basal contact is obliterated by the Kan-
iksu batholith for a strike distance of 4 miles.

The apparent thickness of the volcanic beds that
overlie Shedroof conglomerate from Round Top to
Thunder Mountain ranges between 300 and 1,000 feet.

The common transition from normal Shedroof con-
glomerate through green conglomerate with sparse
pebbles to greenstone is described elsewhere (p. 8).
An apparent transition from fine-grained chlorite
schist of probable tuffaceous origin to schistose green-
stone is equally common. Green schist of this type
probably underlies nearly one-fourth of the area
mapped as Leola volcanics and forms the upper part
of the formation underlying the conglomerate at the
base of the Monk. Thin beds of dolomite (lime-
stone?), phyllite, and quartzite crop out sparsely with-
in the greenstone areas and are presumably inter-
calated with the volcanic rocks.

LITHOLOGY AND INTERNAL STRUCTURE

Megascopic features—The greater part of the rocks
mapped as Leola volcanics consist of typical homo-
geneous greenstone, such as occurs commonly in series
of altered basalt and andesite. The average specific
gravity of the typical greenstone is 2.92 according to
Daly 8 and is appreciably greater than that of any of
the truly sedimentary rocks of the area. The color of
the rock is rather uniform dark to grayish green.
Most of the greenstone exhibits a distinct schistosity,
although in some exposures the rock appears to be
nearly or quite massive. In spite of this schistosity
and the shearing movements that it implies, certain
primary textural and structural features of the rocks
can be detected. A mottled aspect of the greenstone
can be attributed with fair assurance, at least in part,
to porphyritic and even.diabasic texture of the original
rock. (See pl. 5, 4.) Exposures of greenstone
crowded with small ellipsoidal bodies of crystalline
calcite apparently represent amygdaloidal lava. In
other outcrops much larger ellipsoidal structures in
greenstone, outlined by bands of epidote, have the
appearance of sheared pillow structures. o

The color, specific gravity, and homogeneity of the
dominant type of Leola volcanics distinguish it from
any other rock in the area, at least outside the zone
of igneous metamorphism surrounding the Kaniksu

8 Daly, R. A., op. cit. (Canada Geol. Survey Mem. 38), p. 146.

batholith. The chlorite schists of the Leola, however,
cannot be distinguished with assurance from certain
green schists or phyllites in the Priest River group, in
the phyllite facies of the Shedroof conglomerate, in
the Monk formation, and even in the much younger
Maitlen phyllite.

Microscopic features—Thin sections show that the
greenstone is essentially a fine-grained felted aggregate
of chlorite accompanied by abundant albite, quartz,
carbonate, and leucdxene(?). Epidote, iron oxides,
sericite, and biotite are variable minor constituents.
In some specimens amphibole takes the place of part
of the chlorite. The schistosity, which may be fairly
conspicuous in hand specimens, is generally suggested
only by a tendency toward orientation of the darker
minerals, less commonly by wavy layers composed
largely of quartz and carbonate.

Some textural features of the original volcanic rocks
are preserved in the greenstone, although partly
masked by metamorphism. The uniform ground mass
of many sections encloses phenocrysts of plagioclase.
The plagioclase crystals have been corroded and
altered to poikilitic albite crowded with tiny grains of
carbonate, epidote, and chlorite. The large plagio-
clase crystals show random orientation independent of
the schistosify of the greenstone and differ in abun-
dance from section to section, suggesting intersertal,
ophitic, and even diabasic texture in the original rocks
(See pl. 5, 4). Small sheared amygdules (%) seen in
thin section consist of quartz, carbonate, and chlorite.

The tuffaceous nature of a schistose dark gray-green
fragmental rock from the upper part of the Leola vol-
canics along the road above Deemer Creek is evident
in thin section. The grains consist of quartz, altered
poikilitic feldspar, altered porphyritic basalt, sericitic
quartzite, shale altered to sericite, bits of dark min-
erals altered to chlorite, and possibly remmnants of
limestone. The matrix is a schistose aggregate of
chlorite with subordinate sericite, biotite, quartz, and
carbonate. A layering is brought out by an abundance
of laths of altered plagioclase in certain layers and by
its absence in other layers.

* ORIGIN

Daly maintains that the greenstones north of the
international boundary are a succession of lava flows
with some interbedded sedimentary rocks.? Evidence
from the Metaline quadrangle supports this view.
Sheared amygdaloidal and pillow structures are recog-
nizable in some exposures of relative massive green-
stone; also, transitions from greenstone to sedimentary
rock through intermediate green facies suggest the
contribution of pyroclastic material to nearly contem-
poraneous sedimentation. However, the field work

® Daly, R. A,, op. cit. (Canada Geol. Survey Mem. 38), pp. 144-147.
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A. CONTORTED PHYLLITE IN PRIEST RIVER GROUP. B. SHEDROOF CONGLOMERATE ON RIDGE BETWEEN HALL
MOUNTAIN AND GRASSY TOP MOUNTAIN.

Road cut east of Pass Creek Pass.

Note the large patch of limestone in lower right. Hammer handle is 18 inches long.

C. RHOMBOHEDRAL FRAGMENTS IN SHEDROOF CONGLOMERATE FORMED BY THE SHEARING OF A BAND OF QUARTZITE.
SE sec. 24, T. 40 N., R. 45 E.
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A. SANDY BED IN SHEDROOF CONGLOMERATE, SHOWING SHEAR PLANES CUTTING BE NG AT AN ANGLE OF ABOUT 30°.

T'rail forks. southeast corner of sec. 24. T. 40 N., R. 45 E.

B. BEDDING IN TRANSITION ZONE BETWEEN SHEDROOF CONGLOMERATE AND LEOLA VOLCANICS.

Peak at altitude of 6,600 feet, in north center of sec. 25, 1. 40 N.. R. 15 E.
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B. SURFACE SHOWING NORMAL TO MAXI
4. SURFACE SHOWING MAXIMUM ELONGATION OF FRAGMENTS. e

SHEDROOF CONGLOMERATE ON SOUTHEAST SLOPE OF ROUND TOP MOUNTAIN.




GEOLOGICAL SURVEY PROFESSIONAL PAPER 202 PLATE 5

B. SHEARED CONGLOMERATE IN GYPSY QUARTZITE.

1. PHOTOMICROGRAPH OF GREENSTONE OF LEOLA VOLCANICS, PROUTY LOOKOUT. Slope west of Oriole mine.

Remnants of feldspar suggest an earlier diabasic texture.



CAMBRIAN (%) SYSTEM , ' : 11

did not, afford a basis for dividing the volcanics into
a series of recognizable flows and tuffaceous sediments.

On the other hand, some of the greenstone in the
quadrangle may be altered intrusive sills or even dis-
cordant intrusive bodies. This possibility applies par-
ticularly to the arveas of greenstone within the Priest
River group, no one of which has been demonstrated to
be extensive at any particular horizon,

SUMMARY

The Shedroof conglomerate and Leola volcanics
embrace a succession of conglomerates and greenstones
resting upon the older rocks of the Priest River group.
In general; the oldest rocks in the succession are con-
glomerates, but in some places the altered lava rocks
lie directly upon the Priest River group. Similarly,
the Leola volcanics are in general the youngest rocks
in the succession, but in several places the base of the
overlying Monk formation rests upon conglomerates.

AGE

The Leola volganics and Shedroof conglomerate are
tentatively assigned to the top of the pre-Cambrian in
this quadrangle. An unconformity may intervene be-
tween these formations and the overlying Monk forma-
tion, of Cambrian (%) age. The base of the Monk
appears to rest successively from south to north upon
(1) the Shedroof conglomerate due east of Sullivan
Lake, (2) the Leola volcanics north of Sullivan Creek,
and (3) a layer of still younger conglomerate north
of Leola Creek.

CAMBRIAN (?) SYSTEM

MONK FORMATION
DISTRIBUTION

The Monk formation includes those beds that inter-
vene between the older Leola volcanics and the grits at
the base of the younger Gypsy quartzite. The forma-
tion was named by Daly from Monk Creek, in British
Columbia, where the exposures are excellent. As used
by Daly* the Monk excluded the upper part of the
Tformation as defined in this report. Walker ™ used
the term “Horsethief Creek series” for essentially the
sume beds that ave here called Monk. The principal
oceurrence of the Monk formation is in a belt about 1
mile wide that extends from the international boundary
southwestward along the east slope of Crowell Ridge
to the east spur of Hall Mountain, where it ends against
faults and an offshoot of the Kaniksu batholith.

A narvow belt of the Monk formation crops out at
the base of the Gypsy quartzite along the west side of
the Flume Creek fault. It extends for nearly 4 miles

10 Daly, R. A, op. cit. (Canada Geol. Survey Mem. 38), pp. 146-147.
1 Walker, J. If,, Geology and mineral deposits of the Salmo map
aren, B, C.: Canada Geol, Survey Mem. 172, pp. -7, 1934,
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from the Oriole mine southwestward across Lunch
Creek.

This formation is exposed more poorly than any
other major stratigraphic unit in the quadrangle. The
only section where outcrops ave fair across the entire
formation is along the crest of the ridge that extends
southeastward from Salmo Mountain.

THICKNESS AND STRATIGRAPHIO RELATIONS

" South of Deemer Creek the Monk formation occupies
a belt about a mile wide. The apparent thickness of
the formation in this belt is estimated to be 3,800 feet,
measured west of Leola Peak along the trail that bears
toward Gypsy Peak. The greater breadth of the belt
northeast of Deemer Creek is due largely to the repe- -
tition of beds in a shallow synclinal fold in the east
half of the belt. Although the best exposures of the
formation are along the Salmo-Shedroof Ridge, the
information obtained in this section is, nevertheless,
inadequate for a determination of thickness.

West of the Pend Oreille River only the upper part
of the Monk formation is exposed, representing not
more than 1,000 feet of beds.

The top of the Monk formation, where it crosses
the Sullivan Creek road 2 miles east of Sullivan Lake,
is a band of white sandy marble that grades upward,
into quartzite and grit. This marble has been traced
northeastward for only a few miles. Farther north
the contact is placed arbitrarily, so that dominantly
quartzitic sediments ave put in the Gypsy quartzite, .
whereas sediments that contain mostly beds of phyllites
are referred to the Monk formation. .

On the west side of the Pend Opeille Valley the
contact between the Gypsy quartzite and the Monk for-
mation is placed at the top of a bed of sandy dolomitic
marble. '

The base of the Monk formation has been drawn
arbitrarily at the base of a conglomerate layer or, where
the conglomerate is absent, at the top of the Leola vol-
canics. This layer of conglomerate is intercalated with
limestone and calcareous phyllite and has an apparent
maximum thickness of 400 feet. (See section D-D’,
pl. 1.) The extension of the layer north of Deemer
Creek overlies several hundred feet of beds similar to
tuffaceous facies of the overlying part of the Monk
formation. Although the conglomerate was not seen
on the heavily wooded north side of the valley of the
South Fork of the Salmo River, both Daly** and
Walker ** describe it as a prominent and constant fea-
ture north of the international boundary, with an esti-
mated thickness of about 200 feet. .

LITHOLOGY AND INTERNAL STRUCTURE

Megascopic features—The Monk formation is rec-
ognized with confidence only where it can be viewed as

2 Daly, R. A, op. cit. (Canada Geol. Survey Mem. 38), pp. 146-147,
3 Walker, J. I, op. cit. (Canada Geol. Survey Mem. 172), pp. 6-T.
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a whole or in its normal relation to either the Leola
volcanics or the Gypsy quartzite. The details of lith-
ology shown by nearly any hand specimen or within a
limited area of exposure find their analogs in nearby
younger and older rocks, particularly in the rocks of
the Priest River group.

The fine-grained phyllites that predominate in the
Monk formation contain numerous intercalations of
carbonate rocks, quartzite, and grit. . The intercalated
beds are commonly only a few feet thick, but some
of the bands of carbonate rock reach thicknesses of
several hundred feet. North of Deemer Creek approx-
imately the lower half of the Monk formation contains
numerous beds of carbonate rocks, very few beds of
quartzite, and none of grit. In the upper part quartz-
ites and grits increase in abundance toward the top,
but relatively few beds of carbonate rocks are present.
Along the strike toward the southwest, the grit beds die
out and carbonate beds seem to be proportionately
more abundant. Consequently, south of the latitude of
Gypsy Meadows and Sullivan Lookout there is little
perceptible difference in lithology between the upper
and lower parts of the formation.

The marble at the top of the Monk contains many
rounded quartz grains and is well exposed in the
- workings of the O. K. mine and on the hill above the
mine, where it is interbedded with quartzite layers
and grades rapidly upward into quartzite and grit.

A limestone whose maximum thickness is 200 to 300
feet commonly lies in apparent conformity on the con-

glomerate at the base of the Monk. South of the

headwaters of Gypsy Creek the conglomerate is miss-
ing, but presumably the same limestone is present over-
lying greenstone schist and separating it from gray
phyllite of the Monk formation.

The phyllites of the Monk formation are not appre-
ciably different from the Maitlen phyllite and from
many phyllites in the Priest River group. A uniform
light-gray color prevails, but faint greenish and bluish
hues are seen and some beds are dark gray or nearly
black. The phyllites are thin-bedded, with small dif-
ferences in the color and grain size of adjacent layers.
The phyllites in the lower part of the Monk formation
are generally more calcareous than those in the upper
part. Some beds near the base of the formation, which
are finely fragmental and apparently tuffaceous, re-
semble the gray-green schists in the upper part of the
Leola volcanics.

The limestone members of the Monk formation are
white to gray or cream-colored on fresh surfaces and
generally buff to gray on weathered surfaces. Those
in the lower part of the formation exhibit a conspicu-
ous finely laminated structure and commonly break
into flags under the hammer. One such platy lime-
stone exposed in a cut on the Sullivan-Deemer Creek
road near the Salmo-Shedroof ridge contains some

intraformational limestone conglomerate similar to
that in the Devonian (%) limestone near the northwest
corner of the quadrangle. Grains of silica are seen in
all the limestones, particularly on weathered surfaces.
In the massive limestone at the top of the Monk these
grains are especially abundant and large, some attain-
ing diameters of 3 millimeters. In hand specimens
they appear as rounded grains of opalescent pale-
bluish quartz.

The sandy members of the formation range from
fine-grained quartzite to coarse-grained grit in which
some of the pebbles reach diameters of half an inch.
The quartzite beds are commonly light-colored, are
generally massive, and show traces of bedding only at
their contacts with phyllite and limestone members.
Most of the sandy beds are true quartzites, but some
contain carbonate as the cementing material and
should perhaps be called calcareous sandstones. The
color of the grits ranges from light gray to dark
greenish gray. The pebbles are mostly quartz, com-
monly opalescent in shades of blue and lavender, but a
few dark-colored slate fragments were seen.

Microscopic features—Thin sections of the phyllites
of the Monk formation show tiny angular mineral par-
ticles set in an abundant schistose matrix dominated
by fine-grained micaceous minerals. Bedding is indi-
cated by contrasts in the abundance, size, and compo-
sition of the particles in adjacent layers. In most
sections schistosity cuts the bedding at appreciable
angles. The particles are dominantly quartz; a few
are albite and resistant detrital minerals such as zir-
con, tourmaline, titanite, and apatite. Apparently
tuffaceous facies near the base contain, in addition,
grains altered to aggregates of chlorite or of chlorite
with minor sericite, quartz, and carbonate. Some of the
chlorite aggregates are apparently pseadomorphs of
hornblende or other mafic minerals. The matrix, which
is more abundant than the grains, contains sericite,
chlorite, and biotite, with intersertal quartz and grains
of iron oxides in various proportions. The calcareous
phyllites in the lower part of the formation contain
abundant carbonate in certain layers.

The limestones examined in thin section are com-
posed largely of calcite with scattered grains of quartz.
Sericite, iron oxides, zircon, tourmaline, and apatite
make up only a small proportion of the rock. The
quartz grains are roughly equidimensional, and their
association with grains of zircon, tourmaline, and apa-
tite and the gradation from sandy limestone to quartz-
ite, noted in the field, certainly indicate their detrital
origin.

A thin section of typical grit contains many well-
rounded pebbles of quartz and several of clusters of
altered feldspar crystals, as well as small amounts of
iron oxides, titanite, and leucoxene. The matrix is a
schistose mosaic of sericite and quartz with minor car-
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honate. The quartz pebbles consist either of a single
grain or of several grains with sutured boundaries.
Their appearance suggests that they were derived by
erosion from a coarse-grained granite or pegmatite, or
from vein quartz, and it was so interpreted by Daly.™
However, one pebble in thin section preserves frag-
mentary but rather convincing evidence of relict sand-
stone texture. This particular pebble has been re-
crystallized but contains triangular schistose areas that
suggest interstitial fillings. The arrangement of dusty
particles in the pebble, as well as the schistose inclu-
sions, suggests that the pebble was originally a typical
(uartzite but has been recrystallized to coarser-grained
quartz with sutured boundaries. Possibly many or
most’ of the quartz pebbles in the grits also represent
recrystallized quartzite pebbles.

CONDITIONS OF SEDIMENTATION

The great diversity of sedimentary materials in the
Monk formation indicates extreme fluctuation and
wide range of conditions of sedimentation. '

The fact that the character of the Monk changes
from north to south but seems to be fairly constant
from east to west (Sullivan Creek road and O. K.-
Oriole mines) suggests a source of sedimentary debris
to the north.

The volcanic fragmental material in the lower Monk
may be reworked Leola volcanics rather than a prod-
uct. accumulated during active volcanism. The infer-
ence that at least part of the sedimentary beds in the
Monk may have been derived from the Shedroof con-
glomerate and the Priest River group is given some
support by the suggestion made above, that the grit
pebbles are quartzites rather than single quartz crys-
tals or grains. The numerous quartzite cobbles in the
Shedroof conglomerate and the quartzite beds in the
Priest River group would seem to offer an adequate
source for the grits and quartzites in the Monk, al-
though far inadequate to account for the tremendous
volume of the overlying Gypsy quartzite.

AGE

The age of the Monk formation is unknown. It is
tentatively placed at the base of the Cambrian, as it is
conformable with and grades upward into the Gypsy
quartzite which is definitely of Cambrian age.

CABIBR‘IAN SYSTEM
GYPSY QUARTZITE
DISTRIBUTION
The most extensive exposure of the unit here called
Gypsy quartzite is a belt 2 to 3 miles wide that forms

the core of Crowell Ridge and Gypsy Ridge, and ex-
tends from Hall Mountain northeastward into Canada,

U Daly, R. A., Geology of the North American Cordillera at the 49th
parallel : Canada Geol. Survey Mem, 38, p. 151, 1912,
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where it has been traced for many miles by Walker **
and Rice.® Both Daly*" and Walker® subdivide the
Gypsy quartzite into several units, the comparative
positions of which are shown in the stratigraphic sec-
tions of figure 3. For the purposes of the present re-
port it is sufficient to treat the quartzite as a unit.
The name is taken from the excellent exposures in
the high amphitheaters of Gypsy Ridge. (See pl. 16,
4.) Three other areas of quartzite are found in the
Metaline quadrangle. One extends along the west side
of the Flume Creek -fault from the Middle Fork of
Flume Creek southward about 6 miles, almost to the
Kaniksu batholith. This exposure (see pl. 13, 1) is an
excellent place to study the section, as it is nearly de-
void of vegetation and is readily accessible. The
upper beds of the quartzite crop out on the crest of
the Hooknose anticline from the intersection of the
Russian Creek and Flume Creek faults southwestward
about 614 miles. A much smaller exposure of the top
beds of the quartzite occurs in the Silver Creek Valley
southwest of Abercrombie Mountain, in sec. 15, T. 39
N,R. 42 E.

THICKNESS AND STRATIGRAPHIC RELATIONS

The quartzite section on the Crowell-Sullivan ridge
is about 8,500 feet thick, but on the ridge west of the
Oriole mine the thickness is only 5,300 feet. A com-
parison of the columnar sections from the two localities
is given in figure 3, and shows the reason for the large
difference in thickness. The 4,525 feet of grits and
conglomerate present at the base of the formation east
of the Pend Oreille River are represented by only 1,260
feet near the Oriole mine. The quartzites above the
basal grits and conglomerates are surprisingly similar
in the two sections.

The Gypsy quartzite grades downward into the
Monk formation and upward into the Maitlen phyllite.
The limits of the quartzite were placed where quartz-

.ite and grit beds predominate over beds of other types.
For this reason either boundary of the quartzite may
not be everywhere at precisely the same horizon.

LITHOLOGY AND INTERNATL STRUCTURE

Megascopic features—The upper contact of the
quartzite is placed at the top of a band, 50 to 300 feet
thick, of alternating beds of quartzite and phyllite in

.nearly equal parts. These beds are characterized by
fucoidal cylinders and unidentified crooked rods of
organic (?) origin, called for convenience “burrows.”
The “fucoids” are approximately circular in cross sec-

B Walker, J. F., Geology and mineral deposits of the Salmo map
area, B. C.: Canada Geol. Survey Mem. 172, p. 7, 1934,

3 Rice, H. M. A., Preliminary report, Nelson map area, B. C.: Canada
Geol. Survey Paper 37-27, 1937.

17 Daly, R. A., Geology of the North American Cordillera at the 49th
parallel : Canada Geol. Survey Mem, 38, pp. 141-159, 1912,

8 Walker, J. F., op, cit.,, pp. 6-9.
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tion, about half an inch in diameter, and generally 2
to 3 inches long, although a few about a foot long were
seen. These small cylinders are commonly oriented
normal to the bedding and are gently tapering. On
casual examination the rock appears to be a conglom-
erate with peculiar circular quartzite pebbles, and it
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IMcurm 3.—Columnar sections of Gypsy quartzite on the Crowell-Sullivan
ridge and on the ridge west of the Oriole mine.

is only where broken across the bedding that thd true

texture is seen. The “burrows” occur usually in the -

more shaly layers. They are irregularly distributed,
winding and crossing rods a quarter of an inch or less
in diameter. They lie along bedding surfaces rather
than across them. The value of either the fucoidal
cylinders or the “burrows” as horizon markers is ques-

® Bridge, Josiah, and Resser, C. E., personal communications, 1937.

tioned by both Bridge and Resser.® In the Metaline
quadrangle, however, they are found throughout the
transition zone between the Gypsy quartzite and the
Maitlen phyllite and serve as a convenient reference
horizon. -

Below the uppermost quartzite beds is about 2,200
to 3,000 feet of thin platy quartzite, in places with shaly
layers and a few intercalated limy beds. The beds are
generally 6 inches to 1 foot thick, although layers 6
feet thick are not uncommon. The quartzite is gray near
the base and becomes white or buff toward the top.
It is even-grained and in places is cross-bedded. The
beds are commonly separated by sericite-covered planes
or by thin schistose layers. Particularly near the top
of the platy beds the phyllite layers are more numerous
and are similar to those in the overlying Maitlen
phyllite.

Below the platy quartzite is a massive white to pink-
ish cliff-forming quartzite, 800 to 1,625 feet thick. This
quartzite is even-grained and sugary; the individual
grains can be distinguished with a hand lens. The
quartzite is unusually clean in appearance, and besides
the quartz the only mineral seen in it consists of a few
shreds of silvery-white sericite. Cross-bedding is more
noticeable in this massive white rock than at any other
horizon in the quartzite formation.

A band of schist 20 to 195 feet thick lies below the
massive white quartzite. This schist is in general
poorly exposed but is dark green where it crosses
Crowell Ridge.

. Below the schist and continuing to the base of the
quartzite is a sequence of conglomerate, quartzites, and
alternating beds of grits. The conglomerate contains
well-rounded cobbles as large as 6 inches in diameter.
It resists weathering to a remarkable degree and gen-
erally stands out in bold relief. For this reason it is
a convenient horizon marker, advantage of which was
taken by both Daly 2° and Walker.?* The conglomerate .
has a maximum thickness of about 250 feet near the
Canadian border but thins southward and probably
averages less than 100 feet thick in the Metaline quad-
rangle. On the slope west of the Oriole mine the con-
glomerate (see pl. 5, B) is only about 50 feet thick.
Bright-red jasper pebbles are characteristic of the con-
glomerate from Sullivan Mountain northward but have
not been identified west of the Pend Oreille River.
The cobbles are mostly quartzite, but schist and vein

quartz are common, and in places cobbles of several ® :

types of porphyritic rocks are abundant. The matrix -
in the conglomerate and in part of the grits is com-
monly a siliceous and micaceous gray to dark-gray
material in which small grains of quartz can be seen.

The grits generally are composed of smooth well-
rounded quartzite pebbles less than half an inch in

2 Daly, R. A, op. cit. (Canada Geol. Survey Mem. 38), pp. 153-154.
2 Walker, J. ., op. cit. (Canada Geol, Survey Mem. 172), p. 8.
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diameter.  Pebbles of other rocks, particularly schists,
are present but in subordinate amounts. The grits are
generally light buff or grayish, but some beds are
speckled \\'lth bright-pink pebbles. Most of the grit
beds arve a few inches to a few feet thick. They grade
into quartzites laterally as well as across the bedding,
and some layers change to quartzite within a few feet
on the strike. Schist layers alternate with the grit
beds mear the base of the grits. The schists become
increasingly abundant lower in the section, and the
formation grades into the Monk.

Many of the quartzites are badly sheared, but in most
of them bedding planes and grain outlines can be dis-
tinguished.

Microscopic  features—Microscopic study of the
quartzites brings out clearly the sheared nature of much
of the rock. A general tendency toward elongation ex-
ists, and some grains indicate secondary growth. Many
of the grain boundaries have thin zones of recrystallized
quartz. Most thin sections show quartz and sericite,
but a little tourmaline, zircon, and highly altered
plagioclase feldspars were also seen. Dusty leucoxene
(%) is present in small amount, and in the grain inter-
stices of the less pure quartzites near the bottom and top
of the section a little greenish biotite and chlorite were
identified. Strain ';lndows are developed in practically
all the quartz.

The purer quartzites, such as the massive white bed
above the grits, have no matrix except a few grains of
sevicite. In the less pure rock the micaceous minerals
arve more plentiful in the interstices and probably were
‘originally a clayey material now recrystallized.

CONDITIONS OF SEDIMENTATION

The tremendous volume of grits and sandstones ac-
camulated in the Gypsy quartzite can be satisfactorily
explained by rapid deposition in a gradually subsiding
basin.  The source of supply is not known, but the
purity of the quarvtzites suggests that the source was
sufficiently distant for the soft and easily weathered
nminerals to be removed. This may be a function of
rate of accumulation, as well as distance from the
source. The thinning of the formations to the west
and the greater thicknesses given by both Daly and
Walker (sce table, p. 6) to the north indicate a likely
source to the north and east.

The transition to limy and clayey rocks, at both the
bottom and the top of the quartzite, probably indicate
passage to conditions of deeper sedimentation.

AGE

Several poorly preserved fragments of trilobites in

@ broken piece of quartzite were found on a ridge at

an altitude of 6,250 feet on the west slope of Gypsy
Peak, in the NW% sec. 18, T. 40 N., R. 45 E. The
fossil bed could not be found in place, but the angular
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quartzite was similar to the bedrock nearby, and it is
thought that the fossils had not traveled more than a
few feet. Bridge examined the trilobites and said,
“The collection is unquestionably Cambrian but is so
fragmentary that a more exact determination is not
possible at present.” The assignment of a Cambrian
age to the Gypsy quartzite confirms Daly’s earlier
determination of his Summit series, based on lithologic
evidence.?? Daly placed the base of the Cambrian
about 1,000 feet below the top of his Wolf grits (sec
table, p. 6), or at the base of the Gypsy quartzite.

As no evidence of a stratigraphic break at the base of’

< 5CF

the Gypsy quartzite is found in the Metaline quad-
rangle, the base of the Cambrian is tentatively placed
at the hiatus below the Monk formation.

MAITLEN PHYLLITE
DISTRIBUTION

The Maitlen phyllite, here named from the valley of
“the intermittently flowing Maitlen Creek, east of Ione,
lies above the Gypsy quartzite and below the Meta-
line limestone. It is exposed in two large areas—one
a belt along the east side of the Pend Oreille River
and Slate Creek that extends from the area east of
Tiger northeastward to the Canadian border, the other
-west, of the Flume Creek fault and on the flanks of
the Hooknose anticline. A third, smaller area is
,exposed on Boundary Mountain.

The phyllite crops out surprisingly well, considering
its character. It is slightly more resistant than the
limestones and slates that overlie it, and it forms
rounded foothills at the base of the quartzite ridges.
On the crest of the Hooknose anticline south of Abex-
crombie Mountain the phyllite is preserved as a thin
cap over the quartzite. The rapidly flowing streams,
descending from the quartzite ridges, particularly from
the Gypsy-Crowell ridge, have cut deeply into the
phyllite, and in these stream ccmyons exposures arc
good.

THICKNESS AND STRATIGRAPHI0 RELATIONS

The phyllite is much distorted and sheared, and no
satisfactory section or estimate of the thickness has been
reached. The minimum apparent thickness is about
5,000 feet, taken on the west slope of Sullivan Moun-
tain. The base of the phyllite on Sullivan Mountain
and to the northeast is placed about 100 feet below a
gray-white limestone band 200 feet thick (not shown
on the map). The phyllite is gradational into the
Gypsy quartzite, and the contact is placed at the top of
a prominent bed rich in fucoidal impressions, where the
quartzite becomes subordinate in quantity to the phyl-
lite. On the Hooknose antichine the base of the phyllite
is about 200 feet below a limestone band that is thought

2 Daly, R, A., op. cit. (Canada Geol. Survey Mem. 38), pp. 177194,
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to be the same bed that is exposed on Sullivan Moun-
tain. The Gypsy quartzite beds with the “fucoids” on
the Hooknose anticline are mostly included with the
phyllites, as they are argillaceous and contain few
quartzite layers. No certainty is felt that the base of
the phyllite as mapped is everywhere in the same strati-
graphic position as fully consistent mapping at this
“fucoid” horizon is not feasible. A similar uncertainty
applies to the top of the phyllite, where the beds be-
come limy and grade into the Metaline limestone. The
contact here is placed where the phyllite predominates
over limestone. :

LITHOLOGY AND INTERNAL STRUCTURE

Megascopic features—The megascopic features of the
Maitlen phyllite are extremely diverse. The most com-

r .
FIGURE 4.—Sketch of a hand specimen of phyllite from south side of

Hall Mountain. Natural size.
ture; b ¢ d, dominant foliation; ¢ @ ¢ h, late fracture cleavage; f,
direction of fine hairlike linear structures; g, composition banding of
unknown origin. Surface ¢ h e j is the dominant foliation, broken

or bent along cleavage planes parallel toc d ¢ h.

a b ¢ h, Poorly defined planar struc-

mon rock type is gray greenish, fine-grained, and con-
spicuously banded. Quartzite beds, generally less than
3 feet thick, are present in appreciable amounts, par-
ticularly near the base of the section. Limestone
layers are common, and many narrow layers, in addi-
tion to the 200-foot bed near the base, are distributed
through the section, particularly in the upper part. In
some exposures the phyllite is more correctly defined as
a sericite schist, and in other places the rock is greenish
and massive and in physical appearance suggests an
altered volcanic rock. Pyrite is found in much of the
phyllite, and beds are locally spotted with brown iron
oxides. On Sullivan Creek just below the Metaline
limestone an almost continuous section is exposed. The
phyllite near the top is grayish black, slightly recrys-

.at time of metamorphism may be pointed out.

tallized, and difficult to distinguish from the Ordovician
slate. This similarity is particularly confusing in Un-
cas Gulch, a tributary to Slate Creek, where the upper
part of the phyllite and the Ledbetter slate were
faulted together.

The layers in the characteristic phyllite average prob-
ably less than 2 inches in thickness. They are compo-
sitional, and a few beds of quartzite and limestone can
be recognized, although generally the mineral grains are
too small to be determined. The 200-foot bed of lime-
stone near the base of the phyllite is largely recrys-
tallized to a dense fine-grained marble, crudely streaked
gray and light brown. It is generally much sheared
and contalns sericite shreds and numerous quartz grains.
In places the bed is cut by irregular stringers of white
greasy quartz. Other limestone beds weather to a buff
color, and all of those tested effervesced freely with
cold dilute (1:1) hydrochloric acid.

One of the striking features of the phyllite is its
rapid change in degree and diversity of metamorphism.
These differences are probably caused by several fac-
tors, among which the original nature of the sediments,
proximity to the batholith, and the depth of burial
In a
very small part of the phyllite the deformation is
limited to open crumples. Elsewhere the crumples
become tighter and fracture cleavage develops. In
practically all the formation at least one planar ele-
ment, other than bedding and jointing, is recognizable,

‘and in some exposures two or even three directions of

foliation can be distinguished. One direction is cus-
tomarily more prominent than the others, and this is
the one recorded on the geologic map (pl. 1). It is
rather common for the dominant foliation to cut the
bedding at angles of 30° or more. The value of re-
cording only the dominant foliation is questionable, as
the phyllite—on Hall Mountain, for example—seems
to have been subjected to deforming stresses in at least
two directions. The evidence for this can best be given -
with the help of a diagram (fig. 4), which is a sketch
of a specimen of phyllite in which the dominant folia-
tion is bent and fractured along a cross cleavage.
Toward the top of Hall Mountain the late cleavage
planes become more numerous and finally are close
enough together to obscure the earlier deformation.

Plate 6, A, is a photograph of a polished face of
phyllite from the saddle at an altitude of 5,800 feet in
the northwest corner of sec. 35, T. 39 N.,, R. 42 E. It
shows two types of layering. The horizontal mica-
ceous layers are formed along shear planes, and the
layers ab are alternating quartz sericite which prob-
ably denote bedding, as suggested by field evidence (see
pl. 6, D.) In many places the shear banding # destroys
and is easily confused with bedding.

23 Balk, Robert, Structural and petrologic studies in Dutchess County,
N. Y., pt. 1, Geologic structure of sedimentary rocks : Geol. Soc. America
Bull,, vol. 47, pp. 709-717, 1936,
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Linear structures of several types are recognized.
"That recorded on plate 1 is the direction and pitch of
the intersection of the axial planes of the crumbles
with the bedding. In many specimens a very fine
hairlike linear structure is conspicuous. Other linear
structures are developed by the intersections of the
several planar elements, bedding, and shear banding.
Mineral elongation does not everywhere coincide with
linear structures. The sheaved and crumpled nature
of the phyllite is obvious on surfaces cut normal to
the dominant foliation and the bedding. (See pl. 6,
() The rock, in places, has been more sheared than
that in the illustration and is reduced to a mass of
pencil-shaped fragments. On Hall Mountain, in the
east-central part of sec. 8, T. 38 N., R. 44 E., the sili-
ceons layers have been sheared and rolled in the seri-
citic matrix to the point where the rock resembles a
conglomerate.

Microscopic features~—Microscopically the phyllite
consists of quartz, servicite, and calcite, almost to the
exclusion of other minerals. Chloritoid and chlorite
ave both present, although neither is abundant, and
their distribution seems to be spotty. Small amounts
of detrital zircon and tourmaline have been seen in
several sections, and both limonite and other iron
oxides are present. No feldspar has been identified
in the material examined, but a more extended investi-
ration would probably reveal it. The limestone, par-
ticularly near the base of the formation, contains
appreciable amounts of servicite and quartz. One speci-
men obtained west of the Harvey fault on Molybde-
nite Mountain has about 40 percent of quartz grains
embedded in calcite. In most of the material ex-
amined the minerals are veerystallized, although indi-
vidual grains are generally so small as to be invisible
without the microscope.

The internal structure of the phyllites is complex.
Two dirvections of foliation can ordinarily be dis-
tinguished. Plate 6, B, which represents a thin section
cut, nearly parallel to the face shown in plate 6, 4,
shows: both a schistosity and fracture cleavage. The
mica tends to recrystallize and concentrate in layers
parallel to the fracture cleavage, and at the same time
the bedding is not destroyed. Such shear banding
might conceivably be formed by close shearing of a
bedded rock in which the bedding is gradunally rotated
and the more mobile material, in this example the
sericite, is removed and concentrated along the shear
planes. The shear banding may be an incipient stage
of “metamorphic differentiation” as defined by Still-
well,** Egkola,”® and Barth,* although the high tem-
peratures and pressures usually associated with this
WF. L., The metamorphic rocks of Adelie Land : Sci. Repts.
Australagian Antarctic Exped.,, 1911-1914, ser. A, vol. 3, pt. 1, pp.
93 121, 1918,

# Wgkola, 1'., On the principle of metamorphic differentiation: Soc.
geol. Finland Compt. Rend., vol, 5, pp. 68-77, 1932,

“@ RBarth, T, . W, Structural and petrologic studies in Dutchess
County, N, Y.: Geol. Soc. America Bull,, vol. 47, p. 842, 1936.
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process are not found at Metaline. No indication of
partial fusion and squeezing out of the liquid material
(palingenesis) was seen, although criteria for recog-
nizing this process are vague.

The fine hairlike linear structures so commonly seen
on hand specimens are found, microscopically, to be
caused by the intersection of an incipient cleavage with
other structures, including the shear banding. Gen-
erally a few thin plates of sericite are oriented along
the incipient cleavage, and individual cleavage planes
can rarely be traced across a thin section. The relation
of this cleavage to the regional structure is obscure.

CONDITIONS OF SEDIMENTATION

The phyllite, to judge from its generally thin-banded
and diverse nature, was deposited on a shallow, oscillat-
ing but slowly deepening sea bottom, where conditions
ranged from those favorable to the accumulation of
quartzite and clay to those in which limy clay and pure
limestone were laid down. The “fucoids” and “bur-
rows” near the base also indicate shallow water during
the transition from quartzite to phyllite. During the
deposition of the upper part of the phyllite conditions
gradually changed and limestone accumulated in in-
creasing quantities.

AGE

The phyllite grades downward into the Gypsy quartz-
ite, which is of Cambrian age, and upward into the
Metaline limestone, of Middle Cambrian age. It is
therefore Lower or Middle Cambrian. No fossils, with
the exception of a few fucoidal impressions, have been
found in the phyllites.

METALINE LIMESTONE

e ————— e,

DISTRIBUTION

The Metaline limestone, here named from the cliffs
near Metaline Falls, is exposed in the Pend Oreille Val-
ley from Tone north to the Canadian border. It under-
lies most of the territory between Slate Creek and the
Pend Oreille River and forms the steep-walled gorge
of the river north of Metaline Falls. The topography
of the limestone area is characteristically pitted and
rough.

THICKNESS AND STRATIGRAPHIC RELATIONS

St

=

Establishment of a detailed section’of the Metaline

limestone would undoubtedly be of value to the mining
industry, but compilation of such a section is difficult
for several reasons. The beds have been masked by
dolomitization and other processes related to ore dep-
osition, the brittle carbonate rocks have been much
faulted and brecciated, and where exposures are best—
in the river gorge—the beds are largely inaccessible.
(See pl. 7.) TFor these reasons no precise estimate of
the thickness of the Metaline limestone section is pos-
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sible at present, although it is thought that with more
detailed study such a measurement could be made. The
limestone between Slate Creek and the Pend Oreille
River, shown in section D—D’ of plate 1, has an appar-
ent thickness of 5,000 to 6,000 feet. This figure is con-
sidered to be too large, as repetition of the strata by
faulting is here thought likely. The section east of
Metaline Falls, in the relatively undisturbed block
being quarried for limestone, furnished what appears
to be the most reliable measurements. The total thick-
ness here is about 3,000 feet, in which four members are
distinguished, as follows:

Section east of Metaline Falls

Top Feet
Mottled dense gray limestone; few chert nodules_______ 150
Mottled dense gray limestone; many chert nodules._____ 450

Fine-grained cream-colored dolomite, particularly in upper

part. Alternating layers of black and white dolomite__ 1, 200

Interbedded limestones and limy shales, locally dolomitic.
Grades conformably into Maitlen phyllite-_____________ 1, 200
3, 000

The top of the limestone is sharply defined against
overlying black slate. No gradational beds have been
seen, and the possibility of an unconformity between
the limestone and the slate cannot be completely dis-
carded, although considered to be unlikely. That the
beds below the slate are approximately equivalent
throughout the district is indicated by the unusual mot-
tling (pl. 8, 4) and the fine-grained dense character
of the limestones, which, about 150 feet from the slate
contact, are underlain by peculiar cherty beds (pl. 8,
B). The base of the Metaline limestone, on the other
hand, is a limy phyllite in which limestone beds’ de-
crease numerically downward and the formation grades
into the Maitlen phyllite below.

LITHOLOGY AND INTERNAL STRUCTURE

Megascopic features—The upper 150 feet of the sec-
tion is a dense, fine-grained soft gray limestone with
a peculiar mottled appearance. (See pl. 8, 4.) The
mottling is due partly to the irregular distribution of
a small amount of carbonaceous material and partly to
the development of stylolites along cracks. The rock
is massive, and bedding is generally not seen. A few
narrow indistinet parallel layers that appear to be
. caused by slight concentration of organic material may,
however, represent bedding. This part of the limestone
seems to have been unusually receptive to ore-forming
solutions and is complexly altered to dolomite, jasper-
oid, coarse-grained calcite, and ore, which mask the
original character. A few chert nodules are generally
present and the rock passes gradually into a more
cherty rock below.

The 450-foot member is similar to the overlying

beds but contains numerous chert nodules. (See pl. 8,
B.) The nodules are generally rounded, crudely
spheroidal or ellipsoidal. They average less than one
inch in longest dimension and many have hollow
centers. The abundance of the nodules differs from
place to place, but they appear to be confined largely
to this member and a few in beds above. The lime-
stone is similar in mottled appearance and texture to
the overlying beds. In some places it is nearly pure
limestone and effervesces vigorously with very dilute
(15:1) hydrochloric acid. In other places it is altered
to a dense fine-grained creamy-gray dolomite and to
the materials that accompany ore deposition.

Below the fine-grained limestone is about 1,200 feet
of carbonate rock that, wherever seen, is dolomitized.
The upper part is generally a fine-grained massive
cream-colored to gray dolomite that shows no known
diagnostic features. The grain is so fine that cleavage
surfaces of individual particles are rarely seen, but
lower in the section the rock is increasingly coarser
and grains one-sixteenth to one-eighth inch across are
present. Intercalated with the fine-grained cream-
colored dolomite are a few layers of black dolomite
that commonly contain white spots, less than an inch
in longest dimension. The black layers are more
numerous near the base of the section and in places
make up 50 percent of the rock. The thickness of
the individual layers is generally less than 4 or 5 feet,
but some are much thicker and others are only a frac-
tion of an inch thick. Analyses of the black and
cream-colored dolomites are given in the table on page
42. The two rocks are practically identical in com-
position except for a small amount of carbonaceous
material in the black rock. The light-colored dolo-
mite appears to have been formed by recrystallization
of the darker layers and the expulsion of the carbona-
ceous material. For this reason the layering, although
in general it agrees with bedding, is in places dis-
cordant, and irregular remnants of the black dolomite
are isolated in the lighter rock. Plate 9 4, shows such
a remnant as well as the more usual type of banding.
Bedding is better seen near’ the base of the section
than toward the top. It is accentuated by slight tex-
tural and color differences. No basis for subdividing

. this 1,200 feet of dolomite has been recognized, but it

1s likely that detailed study and possibly an examina-
tion of insoluble residues, as developed by McQueen,*
would establish such a basis.

The lowest part of the Metaline limestone, about
1,200 feet thick, is treated as a unit, largely from lack
of time to study it thoroughly rather than a lack of
recognizable members. Parts of this section are well
exposed in the quarries and road cuts east of Metaline

27 McQueen, H. S., Insoluble residues as a guide in stratigraphic

studies : Missouri Bur. Geology and Mines, 56th Bienn. Rept., 1931,
reprint of Appendix I, 1930.
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A. MAITLEN PHYLLITE, SADDLE IN NORTHWEST CORNER OF SEC. 35, T. 39 N., R. 42 E., ALTITUDE, 5,800 FEET.
Shear banding is horizontal. Banding a-b is bedding.
B. MAITLEN PHYLLITE, PHOTOMICROGRAPH OF THIN SECTION OF ROCK NEARLY PARALLEL TO FACE SHOWN IN 4.
Schistosity (bedding ?) is cut by fracture cleavage (shear banding).
C. MAITLEN PHYLLITE, NORTH CENTER OF SEC. 23, T. 39 N., R. 42 E., ALTITUDE 5,950 FEET.
Polished surface cut normal to dominate foliation and bedding.
D. MAITLEN PHYLLITE, NORTHWEST CORNER OF SEC. 35, T. 39 N., R. 42 E.
Bedding nearly horizontal, shear banding nearly vertical.
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POST-PLEISTOCENE GORGE OF THE PEND OREILLE RIVER.

View south from east bank of the river about !4 mile southeast of Z Canyon. The river level is about 500 feet helow the
observer.
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3 1 i Ko
A. METALINE LIMESTONE, PEND OREILLE MINE.

Polished fragment of split drill core, 140 feet below Le lLetter slate.

B. CHERT NODULES ON WEATHERED SURFACE IN METALINE LIMESTONE. LEAD HILL.



GEOLOGICAL SURVEY PROFESSIONAL PAPER 202 PLATE 9

A. BLACK AND LIGHT-COLORED DOLOMITE, NORTH SIDE OF CRESCENT

Note the residual black remnant in the light dolomite above the hat.

LAKE,

B. ALGAE IN LOWER PART OF METALINE LIMESTONE, ROAD CUT EAST OF
UPPER LEHIGH QUARRY.
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Ifalls.  Limy shale ov phyllite beds alternate with lime-
stones and dolomites throughout the 1,200 feet, but
the phyllites are more numerous toward the base. The
limestone in the upper part of the.section can be seen
in the upper Lehigh quarry and in the road cut between
the upper quarry and the shale quarry. Limestone,
dolomitic limestone, and dolomite are all represented.
The limestone is chiefly of two types. One is a smooth
light-gray rock speckled with small (less than one-
cighth inch) glassy calcite crystals; the other is a
smooth dense rock, with a mottled gray appearance,
which contains numerous streaks and spots (about 2
inches in longest dimension) of white calcite. The
bed below this limestone is slightly dolomitic (less than
10 percent MgCQ,) and is of unknown thickness. This
bed is conspicuous, as it consists of layers of blue-gray
dense limestone, less than 2 inches thick, separated by
sharply undulating layers of shaly limestone about a
quarter of an inch thick. Some of these undulating
shale layers join and leave isolated eyes of the lime-
stone. On exposed surfaces the shaly layers,weather
brown and contrast with the grayish lime. This con-
trast is less noticeable on fresh surfaces where the shaly
lauyers ave only slightly darker than the blue-gray lime-
stone. Several beds farther down in the section are
also characteristic. One bed of dolomite contains
many algae such as are shown in plate 9, B. Other
beds contain numerous small rounded grains that re-
semble oolites or pisolites. The limestone in the lower
parts of the section is thin-bedded and is interlayered
with much limy phyllite. Gradations from blue-gray
limestone to black limy phyllite are found. The black
phyllite is in beds that are 50 feet or more thick, as
well as in numerous thinner layers. The thicker beds
have in places, particularly in diamond-drill cores, been
confused with the closely similar Ledbetter slates. The
degree of metamorphism of the two rocks is about
the same, but a grayish sheen is noticed on much of
the Cumbrian phyllite and is generally absent from
the Ledbetter slate. Bedding planes are also more
conspicuous in the Cambrian rocks.

A section through the Metaline limestone on Bound-
ary Mountain is similar to that east of Metaline Falls,
but the rocks are more recrystallized and dolomite is
more abundant.

Migroscopic features—No effort has been made to
study the microscopic features of the limestone in de-
tail, and no unusual features were noticed in the few
slides examined. Much of the rock, particularly the
light-colored dolomite, is recrystallized. The black
dolomite has a cloudy greasy appearance, probably due
to minute spots of carbonaceous material. The black
dolomite grains are, on the average, smaller than the
grains in the light-colored dolomite. Many crystals
between the black and light-colored dolomites are
partly cloudy and partly clear.
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CONDITIONS OF SEDIMENTATION

The conditions favorable for the accumulation of
limestone alternated with and gradually superseded
those under which the phyllites were deposited. These
conditions must have remained unchanged for a long
period of time to permit the deposition of 3,000 feet
of limestones. The contact between the Metaline lime-

stone and the overlying Ledbetter slate is sharp and-

indicates an abrupt change in the conditions that gov-
erned deposition—in fact, at least part of the Upper
Cambrian epoch intervened between the Metaline and
Ledbetter epochs.

AGE

Two collections of fossils of Middle Cambrian age
have been taken from the Metaline limestone near the
base of the formation. The best collection was ob-
tained from the shaly bed that overlies the limestone

in the upper Lehigh quarry, east of Metaline Falls.

A few trilobites can also be found in nearby limestone
beds. The fossils identified by Josiah Bridge are
listed below.

Elrathia kingii.

Neolenus sp.

Kootania sp.

Pagetia sp.

Acrothele sp.

A second fossil locality was found in poorly exposed
limy shale at an altitude of 2,800 feet on the southeast
bank of Threemile Creek in the SW1/ sec. 12, T. 39 N.,
R. 43 E. The species identified by Josiah Bridge are
the same as those obtained from the Metaline quarry.
According to Bridge, the Metaline limestone is approx-
imately equivalent to the Stephen formation of British
Columbia 28 and the Middle Cambrian limestone re-
cently found in the Libby quadrangle, Mont.?

One specimen of a poerly preserved trilobite was
found by John Currie in the silicified limestone of the
Pend Oreille mine between the 500-foot and 700-foot
levels.

ORDOVICIAN SYSTEM

LEDBETTER SLATE
DISTRIBUTION

The Ledbetter slate is irregularly distributed in the
Pend Oreille Valley north of Ione. One belt, from
which Slate Creek is named, can be followed from the
Pend Onreille River northeastward up the Slate Creek
Valley to the Canadian border. Another large area
that lies north of the Russian Creek fault is well ex-
posed on the new Russian Creek road to the Frisco

% Walcott, C. D.,, Cambrian geology and paleontology : Smithsonian
Misc. Coll., vol. 53, pp. 209-212, 1910.

2 Gibson, Russell, Geology and ore deposits of the Libby quadrangle,
Mont.: U. 8. Geol. Survey Rull. (in prel'mvruiimn). Fossils determined
by P. B, Raymond.

oo
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Standard mine. The name Ledbetter is taken from the
outcrops on the slope west of Ledbetter Lake, where
the formation can readily be seen. The slate breaks
down readily and forms rounded soil-covered hills.
For this reason the rock is best exposed in artificial
openings, such as road cuts and mine excavations.

THICKNESS AND STRATIGRAPHIC RELATIONS

The Ledbetter slate is much sheared and’ distorted,
and, as a result, the thickness is extremely erratic. The
apparent ease with which the slate “flowed” under pres-
sure is indicated by the drag, in places amounting to
hundreds of feet, along fault zones. The maximum
apparent thickness both on Russian Creek and north-
west of Ledbetter Lake is about 2,500 feet. The base of
the slate is a sharply defined surface. The upper limit
has been seen only on the hill southwest of the United
Treasure mine, and here the relations are obscured by
an intrusive mass; furthermore, the exposures are poor
and definite statements as to the character of the upper
slate contact cannot be made. .

Except where the contact is a fault, bedding in the
slate is apparently parallel to bedding in the underlying
- Metaline limestone. However, the difference in age,
Middle Cambrian of the Metaline limestone and Ordo-
vician of the Ledbetter slate, indicates that a discon-
formity may exist.

LITHOLOGY AND INTERNAL STRUCIURE

Megascopic features—The Ledbetter slate is a black,
fine-grained; generally homogeneous-appearing rock in
which the Individual mineral grains can rarely be dis-
tinguished. In places a few thin indistinet composition
bands, generally less than 1 inch thick, can be identi-
fied, and in the Slate Creek section a conspicuous bed of
black quartzite about 15 feet thick was recognized.
The quartzite was helpful in mapping, as it is resistant
to weathering and stands out from the enclosing weaker
slate. The quartzite is commonly cut by a network of
white quartz stringers. It is even-granular, and the
individual quartz grains are readily distinguished with
a hand lens. Particularly in the upper part, the slate
becomes limy and bedding is more conspicuous. The
uppermost known Ordovician beds are black limestones
that are well exposed in a road cut on the Spokane high-
way in sec. 18, T. 38 N, R. 43 E.

The slate is, with the exception of the Devonian and
younger rocks, and possibly the phyllite in the lower
part of the Metaline limestone, the least metamor-
phosed of the sedimentary beds. It is neither mica-
ceous nor extensively recrystallized. As the slate is
greatly deformed and is involved in the orogenic his-
tory, the lack of recrystallization suggests deformation
under comparatively light load. A well-defined fracture
cleavage is evident in most outcrops, and where the
bedding is also recognizable it is generally cut at low
angles by the fracture cleavage. In some places, par-

ticularly on Russian Creck, the bedding is bent into a
series of small tight folds, but fracture cleavage is
poorly developed or absent.

Microscopic features—Microscopic study confirms
the field observation that little recrystallization has
occurred in the Ledbetter slate. In thin section the
slate is streaked with narrow black and transparent
bands, parallel to the fracture cleavage. Under a mag-
nification of 500 diameters the boundaries of mineral
grains in the light streaks cannot be seen. In patt of
the rock small quartz grains are identified and calcite
is recognized in the limy beds. The black quartzite
consists of well-rounded quartz grains that have wavy
extinction and generally a small amount of recrystal-
lized quartz on the grain borders. The matrix consists
of finer-grained quartz and carbonaceous material.

CONDITIONS OF SEDIMENTATION

The conditions of sedimentation during the deposi-
tion of the Ledbetter slate were favorable for the ac-
cumulation of large quantities of nearly uniform clay,
high in organic material. Enough fluctuation took
place for quartz grains to be at times deposited in the
sediment. An increasing abundance of limestone in the

upper part of the formation indicates a gradual change

in the controlling conditions.
AGE

Fossil collections from the Ledbetter slate have been
examined by Josiah Bridge, and most of the determi-
nations have been checked by Rudolf Ruedemann,
Bridge says:

The oldest graptolite fauna is of lower Deepkill age. It is
* % % from the west bank of the Pend Oreille River north
of the Pend Oreille mine * * #* and * * * contains the
following fauna: :

Graptolites:
*Tetragraptus quadribrachiatus Hall var.
*Tetragraptus similis (Hall).
*Didymograptus nanus Lapworth.
Dicellograptus sp.
*Phyllograptus ilicifolius Hall.
Phyllograptus sp.

Brachiopod :
Leptobolus sp.

This is a characteristic early Deepkill assemblage and pre-
sumably correlates this portion of the Ledbetter slate with the
upper part of the Tetragraptus zone of the Deepkill shale o1
New York and with the lower portion of the Glenogle shales
of the Windermere, B. C. area. This particular collection
seems to fall somewhere in the interval between 730 and 950
feet in Walker’s measured section on Windermere Creek *—in
other words, near the top of the lower half of his lower
Glenogle shale. This correlation is based largely on the pres-
ence of Tetragraptus quadribrachiatus * * *,

The fauna described from the type Glenogle shales near Field,

30 Walker, J. F., Geology and mineral deposits of the Windermere map
area, B. C.: Canada Geol. Survey, Dept. Mines, Mem. 148, pp. 26, 27,
1926. '
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B. ¢, Is much younger, and it is not known whether this
Deepkill fauna is present in that region or not.

The species prefixed by an asterisk in the foregoing list
were found by Kirk in a large Deepkill fauna obtained from
an isolated outcrop of an unnamed early Ordovician shale in
the Wood River region of Idaho,™ and the correlation between
these two areas seems to be well established. This same por-
tion of the Ledbetter slate is also the approximate equvialent
of the Saturday Mountain formation of the Bayhorse district,
1duho,” which also carries a Deepkill fauna, but there the
evidence is less conclusive.

No fuuna characteristic of the late Beekmantown or early

o

a Umpleby, J. B, Westgate, L. G., and Ross, C. P., Geology and ore
deposits of the Wood River reglon, Idaho : U. S. Geol. Survey Bull. 814,
p. 18, 1930.

 Ross, C. I, Geology and ore deposits of the Bayhorse region, Custer
County, tdnho: U. 8, Ceol. Survey Bull. 877, pp. 16, 17, 1938.
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Chazy (upper Deepkill zones) have been found in any of the
collections.

* All the remaining collections contain elements of the lower
Dicellograptus fauna, of Normanskill age. The list of species
and their occurrence in the several collections is shown
on the attached table. Two distinct subzones are recogniz-
able * * *

The first group (subzone) is characterized by the absence of
Dicranograptus and by the presence of Nemagraptus gracilis,
Thamnograptus capillaris, Dicellograptus sextans, and other
early Normanskill forms. Although the stratigraphic relations
of the various collections was not determined in the Metaline
area, it is known that strata carrying these forms commonly
underlie beds in which various species of Dicranograptus are
abundant. This is true of the Womble shale of Oklahoma and
Arkansas and of the Athens shale of the southern Appalachian

region, both of which carry Normanskill faunas.

- Fossils from Ledbetter slate
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Graptolites:
Thamnograptus capillaris (ldmmons)__|. .. ..
Didymograptus sagitticaulis Gurley___[ x
Didymograptus n. sp. aff. D. fasci-

culatus Nicholson
Didymograptus n. sp_ . ooo-.._- --
Syndyograptus cf. !S pecten Ruede-
mann »
Nemagraptus gracilis (Hall)
Dicellograptus gurleyi Lapworth
Dicellograptus sextans (Hall)
Dicellograptus divaricatus (Hall)
Dicellograptus 8p_. .o coooo ...
Dicranograptus ramosus Hall_ _______
Dicranograptus ramosus var. arkan-
sasensis Gurley._ oo oo L
Dicranograptus c¢f. 1. nicholsoni
Hopkinson. ..o ocoooooaama oo
Dicranograptus nicholsoni var. par-
vangulus Gurley ... ... _.____
Dicranograptus aff. D. spinifer var.
geniculatus Ruedemann
Dicranograptus contortus Ruedemann..
Dicranograptus sp._ - ... ____
Diplograptus acutus Lapworth_______
Diplograptus incisus Lapworth__ ____
Diplograptus euglyphus Lapworth____
Diplograptus spo oo oooomoomaoooo
Orthograptus SPoc e oo ccecemoananas
Glossograptus ciliatus Jommons._____.
Glossograptus whitfieldi (Hall)
Climacograptus parvus Hall_________

Brachiopod:

Schizocrania spa._. —caoooooooooo

Crustacean:

CaryoCaris SpP--cveememcacoaoaooon

A further reason for considering this subzone to be slightly
older is found in the presence of a species of Didymograptus
which, though not identical with Deepkill species, is more
nearly related to Deepkill forms than to any known from the
Normanskill. These collections also contain the shells of Cary-
ocaris, a form which according to Ruedemann is not known from
the Normanskill of New York but which here is associated
with characteristic Normanskill forms.

The second subzone is characterized by an abundance of
species of Dicranograptus and by the absence of many of the
forms cited above.

The remaining collections contain none of the diagnostic forms
but only species which are common to both zones and hence
cannot be as accurately placed.

In general, the fauna corresponds fairly well to that of the
main portion of the Pi Kappa formation of the Wood River
district, Idaho® but no trace of the peculiar, youngest fauna
listed from that formation was found in these collections.

The exact relationship of these faunas to those from the
upper part of the Glenogle shale on the Kicking Horse and Dease

% Umpleby, J. B., Westgate, L. 8., and Ross, C. P, op. cit. (U. S. Geol.
Survey Bull 814), pp. 22, 23.
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Rivers, B. C.,” is not definitely established. It has been claimed
that these Glenogle faunas are possibly slightly older than
the true Normanskill, this claim being based primarily on the
absence of dicranograptids and nemagraptids. However, Ruede-
mann * points out that these same elements are lacking in the
beds immediately overlying the main Dicranograptus subzone
and suggests that these high Glenogle faunas may well be
slightly younger than the true Normanskill, and therefore
younger than the faunas from the Ledbetter slate. I am in-
clined to hold the same opinion. ¢

DEVONIAN SYSTEM
DEVONIAN LIMESTONE
————
DISTRIBUTION

A small area of limestone that yielded Devonian fos-
sils is exposed east of the Flume Creek fault in sec. 16,
T. 40 N., R. 43 E. A larger patch of carbonate rock,
mapped as Devonian but possibly of Cambrian age, lies
north of the Russian Creek fault in the extreme north-
west corner of the Metaline quadrangle. (See pl. 1.)

THICKNESS

The exposures of the Devonian rocks are poor, and
no satisfactory stratigraphic sequence was established.
The bedding in sec. 16, T. 40 N., R. 43 E., seems to be
nearly horizontal and, if so, the limestone has a mini-
mum thickness of 700 feet, with an unknown amount
eroded. The outcrops in the northwest corner of the
quadrangle are too poor to permit an estimate of thick-
ness.

LITHOLOGY

The fossiliferous Devonian rock contains a somewhat
unusual type of limestone breccia or conglomerate at
the base of the exposure. (See pl. 10, 4.) The frag-
ments or pebbles are mostly limestone, with a few of
black slate. The matrix is partly limestone and partly
subrounded quartz grains that can easily be seen in
plate 10, 4. Some of the limestone fragments are
single fossils but other fragments contain several fos-
sils in limestone. The fragmental nature of the lime-
stone becomes less noticeable away from the base of
the formation, and the rock gradually becomes an even-
grained grayish-blue limestone. The carbonate rock in
this exposure appears to be all limestone; no dolomite
was recognized.

The carbonate rock in the northwest corner of the
quadrangle is different in appearance from either the
Jnown Cambrian or the known Devonian. The most
diagnostic member, and the best exposed, is an intra-
formational breccia shown in plate 10, B. This breccia
can be traced laterally into the type shown in plate 10,
O, and finally into typical thin-bedded dolomite with

3 Canada Geol. Survey Rept., 1886, pt. 2, p. 24d; Mem. 55, p. 101,
1914 ; Mem. 148, p. 30, 1926.
% Ruedemann, Rudolf, Graptolites of New York, pt. 2, p. 25, 1908.

METALINE QUADRANGLE, WASHINGTON

desiccation cracks as shown in plate 10, 2.% Similar
intraformational breccia is recognized at the Just Time
mine, in sec. 15, T. 40 N., R. 42 E. The rock seems to
be completely dolomitized. The fragments are gray to
cream-colored crystalline material, and the matrix is
a dense dark-gray shaly dolomite. Other carbonate
rocks, particularly a dense blue-gray one and a shaly-
gray bed, are exposed in isolated patches.

An isolated outcrop on the northeast slope of the hill,
at an altitude of 4<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>