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1. The readers attention is called to the fact that the table of contents
does not show proper rank of many headings.

2. Page 13, line 18 and 19: '"the connotation of" should be followed by
"a clay content refers to the original sediment. Collectively rocks
of this group ........

"

3. Page 27, line 13: Delete sentence "The ..... appendix."

"

4. Page 43, heading: "Rocks below the thrust fault" and "Gypsy quartzite
are main and subheadings rather than a single heading.

5. Page 45, heading: '"Rocks above the thrust fault" and "Maitlen Phyllite"
are main and subheadings rather than a single heading.

6. Page 117, line 17: "bent" omitted before "albite lamellae."

7. Page 160: Delete lst paragraph as a repeat of paragraph on previous
page.

8. Page 239, line 17: change ", and those" to "were."

9. Page 295: Add heading above 3rd paragraph and %P table of contents:
"The Lime Creek Mountain block and the decollement problem."

10. Page 302, Next to last sentence: Should read unreasonable rather than
reasonable.

11. Page 4C2, line 6: add "can be assumed to have been" continuous.

12. Page 404, line 8: Should read "p. 83), of Kootenay Lake (Crosby, 1968,
p. 72), and of the panhandle of Idaho. It requires no'

13. Page 422, last line: change "its" to "ifs."
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Foreword

This report is divided into three parts. The first part describes
the stratigraphy and structure of the Deep Creek area of northern Stevens
County, Washington, the second part describes the regional setting, and
the third part interprets the events and processes that produced the rocks
and structures described in the first two parts. The first part is straight
forward description, the second is both description and correlation, but
includes as well, appreciable --and unavoidable -- interpretation. The
third part, being strictly interprative, introduces no new descriptions
except those necessary to develop concepts.

The description of the stratigraphy and structure of the Deep Creek
area is arranged in an unorthodox manner. Because the area consists of
several tectonic blocks of contrasting stratigraphy and structure, each
block is described as a geographic unit -- much as quadrangles in a block
that are published in sequence. As a result, descriptions of stratigraphic
units common to two or more blocks are scattered under several headings.

The reader only interested in a broad knowledge of a particular formation
accordingly is inconvenienced, but not deprived.

The second part, the regional setting, includes previously unpublished
descriptions of the Northport quadrangle and incorporates knowledge gained
by reconnaissance study in the Colville and Metaline quadrangles. Most
information, however, comes‘from published reports and maps, particularly
that on the geology of British Columbia, which comes solely from this source.
As a result, widely scattered data is assembled and integrated to a con-
densed description of a poorly understood region. Whenever brevity permits,

original descriptions are quoted and the development of ideas is traced.



The third part of the report, in summarizing the historical geology
of the region, digresses into the problems of genesis that obsess all areas
of complex geology. The problems are explored and explanations suggested.
To come to grips with many problems, assumptions had to be made and specu-
lations advanced, but nowhere should the reader confuse fact with specula-
tion.

Abstract

This report, although primarily concerned with the stratigraphy and
structure of a lead-zinc mining district in northern Stevens County,
Washington, discusses and integrates the geology of the region about the
Deep Creek area. Although the study centers in an area of about 200 square
miles immediately south of the International Boundary, the regional back-
ground comes from: (1) the previously undescribed Northport quadrangle
to the west, (2) published reports and reconnaissance of the Metaline
quadrangle to the east, and (3) from published reports and maps of a 16
mile wide area that lies to the north adjacent to these three quadrangles
in British Columbia. The report is divided into three parts: (1) descrip-
tions of rocks and structures of the Deep Creek area, (2) descriptions of
the regional setting of the Deep Creek area, and (3) an analysis and
interpretation of the depositional and tectonic events that produced the

geologic features exposed today.



In the Deep Creek area surficial deposits of sand and gravel of glacial
origin cover much of ;he consolidated rocks, which range in age from green-
schist of the late Precambrian to albite granite of the Eocene. Three
broad divisions of depositional history are represented: (l)"Precapbrian,
(2) lower Paleozoic and (3) upper Paleozoic; the record of the Mesozoic
and Eocene is fragmentary. The lower Paleozoic division is the only fossil-
controlled sequence; the age of the other two divisions were established
by less direct methods. Both Precambrian and upper Paleozoic sequences
are dominated by fine-grained detrital sediments, the Precambrian tending
towards the alumina-rich and the upper Paleozoic tending towards the black
shale facies with high silica. Neither sequence has more than trivial
amounts of coarse clastics. Both include limestones, but in minor abun-
dance.

The lower Paleozoic sequence, on the other hand, represents a progres-
sive change in depositio?. The sequence began during the very late
Precambrian with the deposition of clean quartz sand. This was followed
by the accumulation of a comparatively thin limestone unit succeeded by
a thick shale. The shale grades into a thick carbonate unit which in turn
is overlain by black graptolitic slates (Ordovician). This general order

of deposition holds for the Cambro-Ordovician throughout the area.
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Precambrian rocks indigenous to the Deep Creek area, have undergone
at least six tectonic events of greatly different intensities. The first
three of these events are epeirogentic, the fourth involves intense fold-
ing, the fifth, crossfolding, and the sixth, block faulting without folding.
These events are dated with varying degrees of precision. The two epeirogentic
events of the Precambrian, one gentle folding at the beginning of Windermere
time and the other high angle faulting and volcanism in mid-Windermere
time, did little to deform or metamorphose the rocks. The third event
consists of uplift of northern Idaho and adjacent Montana and westward
décollement thrusting of essentially unfolded lower Paleozoic rocks. The
décollement faulting is inferred to explain anomalous rock distribution
and cannot be accurately dated. It occurred sometime after the Devonian

and before the Jurassic. A late Paleozoic age is favored.
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The fourth event, the principal period of folding also cannot be dated
with precision. The northeasterly trending folds produced by this event
dominate the structure of the Deep Creek area; only locally are these
folds destroyed by later deformations. To the northeast in British Columbia,
rocks as young as Middle Jurassic are folded along northeast axes; however,
the folding recorded in Jurassic rocks may not necessarily represent the
total length of time that northeast trending folds were developing in the
underlying Paleozoic rocks. In the Deep Creek area, the 100 million year
old Spirit pluton clearly crosscuts the folds and thus puts an upper limit
on their age. A mid- to late Jurassic age is believed most probable but
an earlier Late Triassic folding along similar axes is conceivable. It
would be convenient if the folds could be called Jurassic or Nevadan, but
until their age is more precisely established the term "Arc folds," is
used in reference to their importance as the defining structure of the
Kootenay arc, the northeasterly trending segment of the Cordilleran fold-

belt, in which the Deep Creek area is located.
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The deformation in the Kootenay arc is polyphase; the fifth deforma-
tion, the crossfold event is superimposed on the northeast folds. The
northeast (arc) folds, when subjected to northeast-southwest compression,
were buckled into kinkfolds and broken by south and north dipping thrust
faults, both of which are of near east-west trend. These buckles and
thrusts were contemporaneously torn by "tears" that broke across the beds
and through the thrust faults allowing some segments to move further north-
ward than other segments. The tear faults, most of N 10° E trend, may
in part be faults that extend into the crystalline basement rocks, because
the last event, that of block faulting, was dominated by high angle faults
of similar trend, but without measurable horizontal movement. The last
event high angle, block faulting, which occurred during the Eocene was

accompanied by, and followed by, the extrusion of volcanic rocks.



The second part of the report, which describes the regional.geology,
emphasizes the contrasting geologic provinces that neighbor the Deep Creek
area and the enclosing Kootenay arc. Most of the area described in this
part is in the Kootenay arc, but rocks of the Belt-Purcell anticlinorium,
which lies east of the arc, and those in the eastern fringe of the Pacific
Borderland, which lies west of the arc, are included. The tectonic behavior
of the three provinces created environments that favored the accumulation
of distinctive rock assemblages. The Belt-Purcell rocks of the anticlino-
rium, dominantly fine- to medium-grained clastics, accumulated on the
craton that consisted of a crystalline basement complex whose internal
tectonic activity was limited to downwarping and block faulting during
the 600 million years it took the Belt-Purcell sediments to accumulate.

The Kootenay arc, basically a foldbelt, represents a zone of change from
this stable, continental basement environment to the unstable environment
at the oceanic border. It lies along the hinge zone where the sediments

of the craton thicken to a miogeosynclinal prism. The Pacific Borderland
consists of the Cordilleran eugeosyncline and its volcanic-bearing deposits.
It represents the crustal unrest typical of this enviromment. Its thick
covering of sedimentary and volcanic rocks are believed to rest upon an

oceanic basement.



The Belt-Purcell anticlinorium consists of from 14 to 23 kilometres
of Precambrian rocks of the Belt Supergroup. These rocks extend into the
Kootenay arc where they are associated with a stratigraphic variant, the
Priest River Group, which is unconformably overlain by 4.5 kilometres of
rocks of the Windermere Series of Canada, which includes the Shedroof
Conglomerate, Leola volcanics, and Monk Formation. The Windermere rocks
contrast with the Belt rocks by representing an environment of tectonism
rather than one dominated by crustal stability. The Monk Formation is
overlain by the thick quartz sand facies of the Lower Cambrian, followed
by a mud facies, and a carbonate facies of the middle and upper Cambrian,
all typical miogeosynclinal deposits. Abruptly overlying the carbonate
deposits are black slates of the lower and middle Ordovician, which extend
upward in time through the Silurian and Devonian to be lost in the time
scale in thousands of metres of predominantly gray to black unfossiliferous
pelites. The post-Devonian part of this black shale facies, the transi-
tional assemblage, gradually changes in character both upward and westward
through the addition of mafic volcanic rocks. The youngest post-Devonian
rocks, the Pennsylvanian Mount Roberts Formation, is typically eugeosynclinal
with mafic volcanic rocks and graywackes. Although the evidence ;s not
positive, the rocks are believed to change across the arc, in time and

space, from miogeosynclinal to eugeosynclinal.
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The area defined by the regional map is divided into four northeast-

erly trending structural belts, which from southeast to northwest are:

The homocline belt, fold belt, thrust belt, and Jurassic volcanic belt.

The homocline belt bridges the Belt-Purcell anticlinorium and the Kootenay
arc; and northeast trending fold and thrust belts fall within the Koofenay
arc; and the Jurassic volcanic belt, which has arc structures in its eastern
part, corresponds to the eugeosynclinal province of the Pacific Borderland.
Although the belts are bounded by faults, the characterizing features of

the belts overlap. The intensity of deformation increases from southeast

to northwest, reaching a peak in the thrust belt.

The homocline belt is a northeasterly striking northwestward dipping
sequence of Precambrian and Cambrian rocks. The regularity of the homocline
is interrupted by the high angle Flume Creek fault, which segments it,
by northwest trending cross faults, and by the Brodie-Sullivan kink fold,

a N 80° W cross buckle, and by a northwest dipping strike fault. The

fold belt, which is the heart of the Kootenay arc, is divided by transverse
faults into four tectonic blocks. In British Columbia the fold belt consists
of multiple folds that coalesce at the International Boundary into a single
anticline and flanking syncline. The anticline dominates the structure

of three blocks; the fourth block is the overturned limb of a fold that

lies northwest of the anticline. Prefold thrust faults confuse the internal

structure of the blocks, as well as relations between blocks.



The thrust belt is a modified part of the fold belt: it consists
of an anticlinal fold, the Columbia anticline that is badly broken along
numerous thrust faults. The thrust faults strike nearly east-west at
a low angle to the fold, and are the product of a later deformation.

The core of the anticline is composed of the Cambrian miogeosynclinal
rocks and the outer envelope, the transitional assemblage, is largely
black pelite.

The Jurassic volcanic belt, structurally the least understood belt,
is dominated by the Jurassic volcanic rocks of the Rossland Formation.
Folds in this belt are generally open and trend northwesterly except near
the edge of the arc where they bend into arc trends. The high angle faults
are of diverse trends.

The third section of the report, "'Sequence of events and interpreta-
tion of regional geology" reviews the geologic events of the region and
interprets the processes that produced them. In order to establish the
location and form of the continental margin during the Precambrian and
Paleozoic, the Belt-Purcell terrane is analyzed by assuming that the
depositional characteristics of the rocks, along with the thickness, de-
formation, and metamorphism are indicators of a stable basement. Uncon-
formities and provenances of the Windermere are discussed, as is the
possibility of a Windermere rifting, which is regarded as untenable.
Evidence is presented that faults similar in trend and probably movement
pattern to that of the Osburn and Hope faults of Idaho, are late Precambrian

in age.



The miogeosynclinal deposits of the Cambrian are interpreted as form-
ing on the continental slope. Provenance, environment of accumulation,
and diachrony of the sand facies are discussed. Regional correlations of
both sand and mud facies are attempted and the case for transition between
the miogeosynclinal and eugeosynclinal suites of the late Paleozoic is
presented. The conglomerates and problems of a Mississippian orogeny are
discussed and evaluated. No evidence was found to support a mid-Paleozoic
orogeny, although an epeirogenic event was considered likely. No great
facies-dividing faults are evident, but infrafacies gravity slides from
an eastern high are postulated.

The late Paleozoic is recorded in eugeosynclinal rocks deposited on
an oceanic crust. The evolution of the high grade metamorphic rocks of
the Shuswap complex, which is surrounded by the eugeosynclinal rocks,
creates speclal problems that are outlined and speculatively interpreted.
A stable join between continental and oceanic crusts during this period
is envisioned. In contrast, the first orogeny that of the Mesozoic,
represents the breaking of the join and the crumpling of the continental
margin. Multiphase folding occurred between Late Triassic and mid-
Cretaceous, in two episodes. As a result of this folding, the ancestral

Kootenay arc, a depositional basin, became a fold belt.
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An attempt is made to fit the Mesozoic history to a plate tectonics
model. Conventional models that relate granitic rocks to plate subduction
do not apply because the plutons are not systemically distributed by age
or composition. The model proposed relates the high grade metamorphic
rock of the Shuswap complex and associated granites to a high heat rise
that extended at least to the western part of the Belt-Purcell anticlinorium.
This created a zbne of partial melting upon which rested the basaltic rocks
of the oceanic crust and the eugeosynclinal rocks deposited thereon, and
the miogeosynclinal and crystalline rocks of the continent. It is specu-
lated that the anomalous heat rise was the result of the subduction of
a western, oceanic plate, which partitioned a heat cell thus increasing
the thermal gradient beneath the continental margin. As the two plates
moved toward each other, the sedimentary prism that had existed across
the formerly stable join between the two plates was detached along décolle-
ment faults and crumpled into folds and thrusts.

ﬁecause of the widespread distrib;tion of Eocene granitic rocks across
eastern Washington, Idaho, and western Montana, it is assumed they also
are related to a heat rise that produced a zone of flow within the contin-
ental crust, and it is further assumed that arching of the crust created
a slope down which the rigid crust above the zone of flow could move east-
ward, to be ultimately expressed at the surface as Eocene movement on the
thrusts of the Rocky Mountain front. The tectonic gap created by this
dowvn slope movement is believed to be compensated by extension on listric

faults.



Stratigraphy and structure of the Deep Creek area
Introduction

The Deep Creek area, which lies adjacent to the International
Boundary in Stevens County, Washington (fig. 1), includes much of what
is commonly considered the Northport Mining district, a moderate producer
of lead-zinc ores. The name, Deep Creek area, is a title of convenience,
a name selected to avold the awkwardness of repeated feference to the .
"area of Boundary, Leadpoint, Spirit and Deep Lake quadrangles," which
although precise,‘is undeniably cumbersome. Although these four 7 1/2-
minute quadrangles include a somewhat larger area than the drainage bésin
of Deep Creek, the convenience far outweights fhe inaccuracy. The north-
western of the four quadrangles (Boundary quadrangle) is crossed by the
broad terraced valley of the Columbia River, which contrasts with the
steep sloped, heavily forested topography of the Deep Creek drainage basin.

Interest by the mining industry in the lead-zinc deposits is respon-
sible for selecting the area for an intensive field investigation, which
began in midsummer 1955. During the progress of the work the project was
shifted from the Mineral Deposits Branch of the U.S. Geological Survey to
a newly created Branch of Regional Geology. Accordingly, the emphasis
shifted from a stﬁdy of the mineralization to a study of the geoloéic
events that created the environment for mineralization. It is believed

that the redirection has yielded a product of value to the mining industry.
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This is by no means the first geologic study of the area. Shortly
after the disébvery and early developmént of the lead-zinc deposits, about
the turn of the century, technical papers appeared in the mining journals
and in publications of State and Federal agencies. These accounts, from
1897 to 1921, were primarily omn ﬁhe ores; regional geology and the problems
of stratigraphy and strpcture were incidental. The early surveys of the
géology aléng the.International Boundary likewise contributed little to a
knowledge of the geology of the Deep Creek afea. No United States survey
ever crossed the area, the Canadian Survey of 1859—61'(Bauerman, H., 1885)
detoured far to the south to avoid "this most inaccessible part," and the
Survey of R. A. Daly (1912), because of its reconnaissance nature, was
forced to lump Ehe rocks into gargatuan units, far too ponderous to reveal
the complexities of structure.

It was not until 1920 that the areag was represented on a geologic
map. At this time the Washinzton Ceological Survey published the report
of Charles E. Weaver (1920) on the "Mineral Resources and Geology of
Stevens County.”" Although Weaver's report emphasized the mineral deposits,
he described the rocks, arranged them in what he believed to be a sequential
manner, and plotted their distribution as formational units on a highly
inadequate basekmap. Although Weaver's_map and rock gorrelaticns have not-—
as he anticipate&——held up under the scrutiny of time and more detailed map-
" ping, his contribution should not be minimized; it ;s indeed aﬁ accomplish-
ment to traverse 2400 square miles of highly diverse terrane on foot and by

horse and wagon in the span of three short months and come up‘with a map

that shows the variety of lithology that his does--est modus in rebus.



This map by Weaver ﬁas the only one portraying the geology in and
about the vicinity of the Deep Creek area until the U.S. Geological Survey
published the map by C. F. Park, Jr. and R. S. Cannon, ir. (1943) of the
Metaline quadrangle, which lies immediately to the east. In the interim,
however, work was going on to the north in the Salmo Map area of British
Columbia by J. F. Walker (1934) of the Geological Survey of Canada. The
stratigraphic succession mapped by Walker, which was also that of Daly,
was to their knowledge devoid of fossils, consequently it is not surprising
that they éonsidered all units Precambrian in age. Although fossils had
been found far to the south in the Chewelah quadréngle as early as 1928
(Branson, 1931), these were from rocks neither structurally nor strati-
graphically linked to~anything along or north of the International Boundary.
The importance of Park ang Cannon's work in the Metaline quadrangle is that
they described and mapped a sequence of rocks that contained fossils repre-
senting Cambrian, Ordovician, and Devonian time. For the first time, the
stratigraphy of the region was on a solid foundation.

The remapping of the Salmo Map area by H. W. Little (1950) brought to
1igh£ other fossils and a consequent reinterpretation of both stratigraphy
and structure accompanied.by a greater appreciation of the complexity of
the geology of the region. Part of this area, the belt known as the Salmo
lead-zinc aréa, was restudied by J. T. Fyles and C. G. Hewlett (1959) of
the British Columbia Department of Mines and Petroleum Resources. Mapping
at a larger scale, which permitted considerable detail, led them to intro-
duce the concept of isoclinal folding and thrust faulting as a process of

fundamental importance in the structural evolution of the area.



About the same time, the Metalinemining district was being restudied
by McClelland G. Dings and Donald H. Whitebread of the U.S. Geological
Survey (Dings and Whitebread, 1965). They studied that part of the Metaline
quédrangle that contains the Cambrian carbonate rocks, the host to the
lead-zinc deposits. They subdivided both Cambrian and Ordovician rocks and
sepa;ated diégenetic dolomite from hydrothermal dolomite

The above sketch of past geological investiéations in and about the
Deep Creek area is far from complete, the contributions of some go unmen-
tioned, the contributions of others go unemphasized. As for example,

H. W. Little's report and map of the "Nelson Map-area, west half, British
Columbia (1960), furnished the writer a broad understanding of the geology
of the area immediately north. This report and others, as well as those
mentioned above, are freely drawn from in the pages that follow. The con-
tributions of two geologists, W. A. G. Bennett and Charles D. Campbell,
are more properly listed under the acknowledgements. ‘

- Field work and acknowledgements

The field study of the Deep Creek area began in August of 1955 and
was completed in 1960. To better understand the geology of the Deep Creek .
area, the project was expanded into adjacent quadraﬁgles. As a result the
Northport quadrangle to the west was mapped (Yates, 1971) and the geology
of parts of the Metaline quadrangle was reexamined. Reconnaissance to the
south in the Colville and Chewelah quadranglgs added breadth to the know-
ledge of the stratigraphy and structures.

The geologic mapping and fact gathering for this report was partici-
pated in by Jaques F. Robertson, David Haines, Arthur B. Ford, Howard
Albee, Philip M. Blacet, Gilbert W. Franz, David W. Baker, Fred K. Miller,

B. Vaughn Mafshall, and James B, Pinkerton. The contributions of all of

these geologists is appreciated.



Information and wholehearted cooperation was given by Eskil Anderson
of the Grandview Mining Company and T. S. Higginbotham and Albert V. Quine
of the Goldfield Consolidgted Company. Many others engaged in mining as
well as numerous local residents did much to aid the work. The U.S.
National Park Service, fepresented at Kettle Falls by Jerry D. Lee, kindly
supplied accommodations for a trailer during some of the field'work.

During the war years between 1942 and 1944, Charles D. Campbell sPenL
considerable time in the area. making examinations of the lead-zinc mines
as part of the U.S. Geological Survey's Strategic Mineral Program. Campbell's
work was not all routine mine mapping; somehow he found time to study and
map the areas between mines, with the result that he was the first to obtain
a broad picture of the geology of the district. He recognized stratigraphic
units as counterparts of those in the Metaline district and recpgnized that
the northeast trending folds had southeast dipping axial planes and assogci-
ated reverse faults (Campbell, C. D., 1947). His mine‘descriptions, published
as Open File reports, add pertinent fécts to critical areas of interpreta-
tion.

W. A. G. Bennett of the Washington Division of Mines and Geology also
requires special recognition. Bennett's knowledge extends over a wide
area in northeastern Washington anﬁ over a time span of more than thirty
years. Although most of bis work has been south of the Deep Creek area
(Bennett, 1944), his broad knowledge of regional problems has on many
occasions been generously shared with the writer. |

I cannot forget the warm and friendly interchange of information
with my colleagues in Canada. I am indebted to Heward W. Little of the
Geological Survey of Canada and to James T. Fyles of the British Columbia

Department of Mines and Petroleum Resources who made it possible through



- Figure 2. Geologic map and sections of the Deep Creek area, Stevens

and Pend Oreille Counties, Washington.



their publications and discussions to relate the geology of the Deep
Creek area to the geology of adjacent British Columbia.

My colleagues in the Geological Survey also deserve recognitiom,
particularly McClelland G. Dings, who introduced me to the stratigraphy
of the lower Paleozoic of Pend Oreille County, Washington and all those
"who took part in the field work, H. F. Albee, D. W. Baker, P. M. Blacet,
A. B. Ford, David Haines, B. V. Marshall, F. K. Miller, P. B. Pinkerton and
J. E. Robertson. Preston E. Hotz and Fred K. Miller, who struggled through
the manuscript as technical reviewers are in my debt.

General relatioms

The geology of the Deep Creek area could be summarized by representing
it as a thick accumulation of marine sedimentary rocks ranging from
Precambrian to Jurassic in age that are folded, faulted, and intruded and
metamorphosed by granitic rocks of Cretaceous and Eocene age. Such a sum-
mary adheres to the observable facts but unfortunatély oversimplifies the
geologic history so that it appears incompatible with the incongruities
of rock distribution shown on the geologic map (fig. 2). These incon-
gruities are evidence of a complex history, a history interpreted as re-
quiring the westward thrusting of segments of the stratified crust into
juxtaposition agains; segments of unlike crust, a history whose interpre-
tation is confused by later folding of the thrust plates. The a priori .
introduction of these postulates is perhaps justified, but their develop-
ment must be postponed until the rocks and structures are described and
the problems become self-evident. Before proceeding to the descriptive
phase of this report, a brief discussion of what lies behind the uncommon
grouping of the stratigraphic units in the Explanation for figure 2 is in

order.



The geologic map of the Deep Creek area is divided into éeven sub—-areas
(see index map on figure 2). One sub-area is occupied by the Sﬁirit pluton,
a granodiorite mass that intrudes the pre~Tertiary rocks of adjacent areas.
The sub-areas north of the Spirit pluton are designated "blocks" and identi-
fied by the names of prominent geographic features. The term, block, was
used by Park and Cannon (1943, p. 28) as an aid in describing the geology
of areas in the Metaline quadrangle that have either structural or strati-
graphic unity-—-or both. Although the boundaries between blocks are faults,
the blocks are not fault blocks in the sense of basin and range structure,
where the blocks are expressed topographically and are bounded by high
angle normal faults; instead bounding faults include both low angle thrust
or reverse fauits and high angle faults. There is almost no topographic
distinction between blocks. The area south of the Spirit pluton is com-
posite in character and includes part of three blocks that extended far
south of the Deep Creek area.

The stratigraphic sequence in one block may represent a different
span of timé than that in an adjacent block or it may represent the same
or an overlapping time span, with age equivalent units being lithologically
different. Although these differences in lithology are not extreme, they
are consistent; lithology and lithologic wvariation within a block is con-
stant throughout the block; gradations towards lithologies of neighboring

blocks was not detected.



The blocks as structural units have gross major structures that con-
trast with those in neighboring blocks. As for example, beds in one block
may be right side up, whereas those in the adjacent block may be overturned.
A block may be internally complicated, by including two thrust plates.

Considerable effort has been made to keep interpretation on the geologic
map (fig. 2) to a minimum; in contrast, the geologic cross—-sections are
highly interpretative. The geologic relations shown more than a few hundred
feet below and above the surface are diagrammatic representations of struc-—
tural concepts that come solely from surface observations.

The geologic map has certain built-in limitations. It represents the
geology of an area not only heavily forested but more than hLalf covered
by glacial drift. Many stratigraphic units are gross, measured in hundreds
of metres; others are monotonous sequences of argillite with almost no
marker beds; and only a few have sedimentary features that indicate the
top side of beds. Fossils are rare. Gradational boundaries are common.

The background metamorphism is low grade (muscovite-chlorite) in most of

the area but increases to medium high grade (pyroxene hornfels) in the

innermost part of the aureole about the Spirit pluton.
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Stratigraphy
Introductory statement

The stratigraphic and structural heterogeneity became evident during
early stages of the mapping. As the work progressed, it became increas—
ingly obvious that all correlations should be made with great caution and
that a mappable lithologic unit should not be forced inté a formational
pigeon hole until all observations were made. The earliest product of
the project, the preliminary map of the Leadpoint quadrangle (Yates and
Robertson, 1958) followed thié concept by excluding numerous rock units
from formal sequential arrangement. The present product (fig. 2), which
includes the area of the Leadpoint quadrangle, considerably reduces the
number of rock units shown on the preliminary map through correlations
and common map symbols, but it retains much of my early reluctance to
rigidly formalize the stratigraphy. It was decided that formal strati-
graphic names should not be introduced until nearby areas with .common

stratigraphic problems are mapped.
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Although new formational names are not introduced in this report,
no major rock unit is without a "handle." Established formational names
are extended wherever there is no question of the correlation, from type
localities in British Columbia and from the Metaline quadrangle. C. D.
Campbell's suggestion (Campbeli, 1947, p. 600) to not use the names intro-
duced by Weaver (1920) is followed. As Campbell points out, the names
Weaver applied to rocks in the Deep Creek area should not be perpetuated
because they lack chronologic significance, because the same rock units
are included under different names, and because unrelated rocks are in-
cluded under the same name.

A major rock unit that has no formally named counterpart in a nearby
area is designated a '"sequence" and is given a geographic prefix after a
prominent feature of the area in which it occurs, as for example, the
slates, argillites, and argillaceous limestone on Grass Mountain (fig. 2)
are designated the Grass Mountain séquence (Cg) and divided into five
subunits that have no names but numerical subscript symbols, such as Cg3,
which are used in the text in lieu of names. These rocks are not given
formal formation status because both upper and lower limits are faults,
and because their age is largely inferred. The above procedufe has all
the advantages of formalized naming and the additional advantage of keeping

usage flexible.
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Some common rock names that have no unaniﬁity of usage also need
definition. Many rocks were, before metamorphism, the fine-grained detrital
sedimentary rocks called shales, mudstones, and siltstones. These are
recrystallized into rocks termed‘slate, argillite, phyllite, schist, and
hornfels, whose mineral composition is basically quartz, sericite, and
minor chlorite. The slate, argillite, and phyllite after metamorphism
remain fine grained but have developed a preferred orientation of the sheet
silicates. The slate and argillite are to& fine grained to allow megascopic
identification of individual grains; the phyllite, a little coarser, has
the sheen of incipient recrystallization. The slates are devoid, or almost
devoid, of visible bedding; the argillites and the phyllites commonly are
bedded, but rarely well-bedded. The slates have excellent planar parting
(slaty cleavage), either parallel to or at an angle to the bedding; the
phyllites have a fair parting but one inferior to that of the élates; the
argillites have no slaty cleavage, but may have a fracture cleavage (not
parallel to planar fabric). All three refresent the same grade of meta-
morphism. The term "argillaceous" is applied to rocks containing sericite
or muscovite; the connotation of this group, slate, argillite, phyllite,
are referred to as lutite or as pelite. The terms, schist and hornfels
are used here to refer to rocks of higher metamorphic grade whose component
grains are megascopically determinable. The schist haé a well developed
preferred orientation of the sheet silicates; the homfels has no preferred
orientation of sheet silicates. Both schist and hornfels formed only in

the metamorphic aureoles adjacent to the plutonic rocks.
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Other rock names follow establiéhed usage, qﬁartzites are quartz sand-
stones recrystallized to a decussate texture, limestone and dolomites are
relatively pure end members, commonly recrystallized. One seldom used
term, "siltite," refers to the fine-grained equivalent of quartzite.

The rock distribution on the geologic map (fig. 2) when unscrambled
into the arrangement of the map explanation indicates a relatively simple
depositional history, albeit a puzzling one. This apparent simplicity
can be easily misinterpreted by assuming the rock sequences are indigenous.
The map, explanation not withstanding, represents three broad divisions
of depositional history: Precambrian, lower Paleozoic and upper Paleozoic
and also includes a fragmentary record of Mesozoic and Eocene time. The
lower Paleozoic division is the only fossil-controlled sequence; the other
two divisions were established by less direct methods. Both Precambrian
and upper Paleozoic sequences are dominated by fine-grained detrital sedi-
ments, the Precambrian tends towards the alumina-rich and the upper Paleozoic
tends towards the black shale facies with high silica. Neither sequence
has more than trivial amounts of coarse clastics. Both include limestones,

but in minor amounts.
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The lower Paleozoic sequence, on the other hand, represents a pro-
gressive change in deposition. The sequence began during the very late
Precambrian with the deposition of clean quartz sand which continued well
into the early Cambrian. This was followed by the accumulation of a com-
paratively thin limestone unit (Reeves limestone), which was succeeded
by a thick shale. The shale grades into a thick carbonate unit which in
turn is overlain by black graptolitic slates (Ordovician). This general
order of deposition holds for the Cambro-Ordovician throughout the area;
it is recorded in the Northport, Lime Creek Mountain, Hooknose-Baldy, and
" Red Top Mountain blocks and is also present south of the Spirit pluton.
Variations from block to block in lithologic types and thickness of equi-
valent units in the lower Paleozoic sequence give clues to the depositional
and tectonic history.

The stratigraphy is described block by block. Within a block it pro-
ceeds from the oldest to the youngest unit. Because a unit is fully
described when first introduced, descriptions are not duplicated if the
unit is present in blocks described thereafter; only variations are mentioned.
The reader's knowledge of a stratigraphic unit consequently, comes piece-
meal; but the alternate approach, jumping from block to block, would make
it more difficult to grasp the overall assemblages within a block and

differences between blocks.

15



Hooknose-Baldy block

The Hooknose-Baldy block lies in the eastern part of the area (see
index map on figure 2). It is the western extension of Park and Cannon's
(1943, p. 28-30) "Flume Creek-Russian Creek block," a name that is not
retained because it bounds only a part of the larger strato-structural
>unit here described. The Hooknose-Baldy block is bounded on the west by
the Leadpoint fault, which extends from the northeast corner of the map
S. 32° W. to the Spirit pluton. Rocks included in this block range in
age from lower Cambrian to Ordovician.

This block is described first because it brings the well established
;tratigraphy of the Metaline district into the Deep Creek area. The Gypsy
Quartzite and the Maitlen Phyllite are shown along the west boundary of
Park and Cannon's map. The Metaline Limestone (Metaline Formation in this
report) extends from the Deep Creek area into the northwest corner of the
Metaline quadréngle where it was not recognized as Metaline Limestone but
was correlated with Devonian rocks that had been identified to the south.
The Ledbetter Slate, although not continuous with exposures in the Metaline
quadrangle, is easily correlated from its stratigraphic position, lithology,

and graptolites.
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Gypsy Quartzite

Only the upper part of the Gypsy Quartzite, the oldest formatiom in
the Hooknose-Baldy block, is present in the part of the Hooknose-Baldy
block in the Deep Creek area, but it crops out in its entirety in the east-
ern part of the block in the Metaline quadrangle (Park and Cannon, 1943,
p. 13-15), where it was named and identified as Early Cambrian. It occurs
in the core of the Hooknose anticline (see fig. 2), a badly broken struc-
ture and a poor place to establish the details of lithologic variatioms.
About 600 to 750 metres of beds are.shown in the composite section (fig. 3)
where the section of Sherlock Park is compared with the Metaline section.
This partial section is divided into two units; an upper unit of mixed
quartzite and schist, which is probably equivalent to the Reno Formation
of the West Nelson Map area (Little, 1960, p. 27-30), and a "lower" unit
of bedded, relatively pure quartzite (the Quartzite Range Formation of
West Nelson map area, p. 24-27). To the north in British Columbia in the
Salmo Lead-zinc area (Fyles and Hewlett, 1959, p. 19, Table 3) these two
units were divided into subunits that are not recognized with certainty
in the Deep Creek area. The top of the formation is defined as the base
of the Reeves Limestone Member of the Maitlen Phyllite, an easily recognized
horizon, and an abrupt -change from the interbedded phyllite and quartzite

of the Gypsy to the limestone beds of the Reeves.
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Figure 3.--Composite stratigraphic sections of the Cambrian rocks in
northeastern Washington and adjacent British Columbia. Sections
are plo.tted on 125,000 scale base of figure 14. Base of Reeves
Limestone Member of the Laib-Maitlen Phyllite is located at the
approximate center of the composite section. The upper ends of the
open ended columns are terminated by eithe£ erosion or a fault,

the open ended lower ends, b§ lack of exposure.
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From the Reeves Limestone downward, the Gypsy becomes progressively,
bug irregularly, more siliceous. The uppermost 90 to 210 metres of beds
are about equally quartzite and phyllite; the next 150 to 180 metres are
roughly three-fourths quartzite and one-fourth phyllite; below this horizon
the formation grades rapidly into a rock with a quartz content that will
average more than 95 percent. The downward increase in quartz content re-
sults not only from a decrease in the number and thickness of phyllite beds,
but also an increase in the quartz content of individual quartzite bedsl/.
The thickness of the individual quartzite beds also increases downward;
those in the uppermost part of the formation are commonly thinner than 2
inches, those in the lower part of the section range from 4 inches to 4
feet, although some beds have micro layers of phyllite less than one one-

hundredth of an inch in thickness.

='Quartzite with a quartz content of over 95 percent are referred to as
pure quartzites, those having from 75 to 95 percent quartz as fairly pure

quartzites, and those having from 50 to 75 percent quartz as impure quartzites.
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The division between the upper and lower units is not along a rigidly
defined bedding plane and doubtiess may vary as much as 30 metres from
exposure to exposure. On the map, the boundary was drawn where phyllite
interbeds are insignificant and the rock is essentially a pure quartzite.

The quartzites iﬁ the lower unif are light gray to white, medium— to
thick-bedded rocks. Grain size and shape of the detrital grains is largely
obliterated by recrystallization, however, wherever original grain shapes
can be recognized, they are subrounded to rounded and range from coarse
sand, 1 mm in diameter, down to very fine angular sand. Most beds in the
lower unit of the formation probably consist of medium to coarse sand.
Where original shapes of sand grains are determinable, many grains are
composite, having the sutured texture of a quartzite, indicating the
quartzite is a second generation. The sands are moderately well sorted;
in the purer quartzites the larger grains are matrixed with fine quartz
and muscovite. Pebble beds and cross bedding are rare. Heavy minerals
are not abundant, and are represented by rare small rounded grains of zircon,
apatite, and brown tourmaline.

Quartzite beds of the upper unit of the Gypsy Quartzite are darker
in color, ranging from dark gray to dark greenish gray, and more variable
in composition than those of the lower division. This unit contains, in
addition to many phyllite layers, several thin brown-weathering impure

dolomite beds 15 cm to 30 cm thick.
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The upper part of the Gypsy Quartzite is characterized over wide areas
by beds containing euhedral magnetite crystals. These magnetite-bearing
beds occur near the base of the upper unit through a stratigraphic interval
of 150 metres. Only a small percentage of the beds in this interval are
magnetite-bearing and the total iron content of the interval is probably
less than 1 percent. The zone, however, is widespread, having peen recog-
nized wherever the Gypsy Quartzite is found. It is also exposed about 6
miles southwest of the area on Joe Creek. ‘

Individual beds, 3 to 4 centimetres thick, contain from traces, to as
much as 50 percent magnetite. Concentration of magnetite within beds is
very erratic. Magnetite grains range seriately from the very minute to
those i mm in diameter. Crystal form is well developed and appears to be
the result of growth later than the foliation. The magnetite occurs not
only in quartzite beds but also in phyllite interbeds an occurrence which
suggests it is not re;rystallized detrital grains but the metamorphic pro-
duct of a sedimentéry iron mineral such as siderite or ankeritic carbonate.
In addition to magnetite, most thin sections examined contained dolomite
or iron-bearing carbonate.

Maitlen Phyllite

The Maitlen Phyllite is a name given by Park and Cannon (1943, p. 15)
to the stratigraphic unit, predominantly phyllite, that over lies the Gypsy
Quartzite and underlies the Middle Cambfian Metaline Limestone (Metaline
Formation in this report). In the Deep Creek area this phyllite umit occurs
in four of the six structural blocks and is abundant in two, especially in

the Hooknose-Baldy block.
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The Maitlen Phyllite in the Hooknose-Baldy block is divided into two
units. The lower unit, the Reeves Limestone Member, consists of about 120
metres of limestone; the upper unit, hereafter referred to as the fhyllite
unit, consists of more than one thousand metres of phyllite, plus a few
thin limestone and quartzite beds. If antunfaulted section of the phyllite
unit was available, it might be possible to divide the phyllite unit iﬂto
two or more members on fhe position of the limestone, but because of its
faulted character it is uncertain whether there is one or several widely
separated beds of limestone. ‘ -

Reeves Limestone Member is the name given by Fyles and Hewlett (1959,
pP. 25) to a limestone exposed in and near the Reeves MacDonald mine, which is
in British Columbia a few miles northeast of the Deep Creek area. The
limestone at the Reeves MacDonald mine is correlated by Fyles and Hewlett
(1959, p. 25) with the limestone that occurs at the base of the Laib Forma-
tion (essentially a synonym for Maitlen Phyllite in Canadian usage) in the
Sheep Creek anticline, which in turn is correlative with the limestone unit
which crosses the International Boundary near Monument 193 (see Little, 1960,
p. 34) and Okulitch, 1948, p. 340-349) and continues southward as a part of
the Maitlen Phyllite of Park and Cannon (1943, p. 15). Park and Cannon did
not separate it in mapping, but spoke of it as follows: "“the base of the
phyllite (Maitlen) on Sullivan Mountain and to the northeast is placed about
100 feet below a gray-white limestone band ab;ut 200 feet thick." Park ‘
and annon (1943, p. 15-16) considered this band equivalent to one in a
similar stratigraphic position in the Hooknose-Baldy block. Although

archaeocyathids of Early Cambrian age have been reported from the limestone
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that appears on Sullivan Mountain and to the northeast (Howell, 1944 and
Okulitch, 1948), none has been found in the limestone band in the Hooknose-
Baldy block, however, the writer has 1i£t1e doubt that the correlation indi-
cated by Park and Cannon is correct. |

The Reeves Limestone Member is a creamy white, medium- to coarse-
grained rock from 90 to 120 metres thick that‘has fair to poor bedding and
a pronounced shear cleavage. It is banded white and gray, but the banding is
continuous for only short distances. In places it is faintly mottled with
pinkish buff mottles in a white background. The mottles comsist of light
tan dolomite crystals set in a célcite matrix. Quartz, as rounded grains and
in clusters of irregularly shaped grains, is the other common impurity. ‘Al-
though no analyses are available, the silica content is estimated to range
from less than 1 percent to about 10 pefcent. Muscovite, which‘ranges from
a trace to about 1 percent, is concentrated along shear planes.

The relation .between the limestone and the overlying phyllite is ciclic.
Thin layers of limestone alte?nate with phyllite through a stratigraphic
interval of more than 30 metres. ‘ |

In a general sense, the phyllite unit is the Maitlen. The Reeves
Limestone Member on the basis of its wide areal extent and mapability could
readily be removed from the Maitlen and elevated to formation rank. If this
were done, the remaining 95 percént of the formation ;ould be in compléte
agreement with the lithology imélied by the name.

The bulk of the phyllite unit is a gray to green-gray, fine-grained
rock with the typical sheen of incipient recrystallization that defines a
phyllite. Thin beds of fine-grained quartzite are interlayered near the
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base and one or more thin layered limestones occur in an unmeasured posi-
tion in the upper half of the unit. Near the Spirit pluton tbe phyllite
is thermally metamorphosed to a fiﬁe—grained schist.

The phyllite is coméosed of quartz, muscovite, plagioclase, and pyrite
and limonite in variable proportions. The chlorite probably never exceeds
10 percent of the volume. Both quartz and muscovite range from 10 to 90
Percent in the microlayers. The estimated aggregate composition of the
phyllite unit is however, muscovite 50 percent, quartz 35 percent, chlorite
5 percent, plagioclase 5 percent, pyrite and limonite 5 percent, plus the
inevitable trace amounts of zircom, garnet, sphene, apaéite, and tourmaline,
which occur as tiny well-rounded grains. Most of the phyllite unit agrees
with the above mineral assemblage; however, a narrow band of phyllite ex-
tending southwestward from the saddle south of Sherlock Peak is spotted by
dark green¥gra§ porphyroblasts of chloritoid. These spotted rocks appear
to lie within a stratiéraphic zone that has a composition favorable for the
formation of chloritoid.

Bedding, althougﬁ commonly determinable, is not obvious in much of the
unit. Bedding is defined by variations in quartz content; where bedding is
absent the quartz content is constant. Individual beds are rarely more than
3 cm thick, commonly less than 1 mm.

The phyllite unit is structurally imcompetent. In many places it is
crumpled; s;retched, and sheared; microfolds are common. Cleavages of at
least two generations are well developed. The earliest and most common
cleavage lies parallel to, or nearly parallel to, the bedding; later‘clea-

vages cross the earlier cleavage at both high and low angles.

;
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The phyllite is thoroughly recrystallized, original boundaries of
quartz grains are nét determinable. Mica folia developed along each genera-
tion of shears. Pyrite cubes, locally common in the upper part of the unit,
are distorted and quartz and calcite have grown flamboyantly in the strain
shadows of the cubes. Where shearing accompanied recrystallization, the
fabric is that of tightly packed quartz lenses bounded by foils of musco-
vite (sericite) that outline coalescing shears.

Maitlen Phyllite in the southern part of the Hooknose-Baldy block within
two miles of the Spirit pluton, is coarser in texture, slightly darker in
color, and different in mineralogy. Quartz and muscovite are present, in
place of chlorite biotite appears and in the more aluminous phases tabular
porphyroblasts of andalusite spot the rock. In the zone a few hundred feet
from the pluton, both sillimanite and cordierite are common. Accompanying
these changes in mineralogy ié a coarsening of grain s;ze and a strengthen-.
ing of schisfosiy.through the growth of micas.

The upper.contact of the Maitlen Phyllite of the Hooknose-Baldy Block
is exposed on the ridge between Republican Creek and the north fork of Curr;nt
Creek (Deep Lake quadrangle) as well as on Windy Ridge (Leadpoint Quadrangle).
At both places the contact is placed an abrupt change from phyllite to the
impure limestone of tﬁe basal member of the Metaline Formation.. North of
Silver Creek kLeadpoint Quadrangle), however, the contact is gradational:
beds of phyllite appeai in the basal Metaline Formation. These interlayered
phyllites afe limey in contrast to the almost calcite-free phyllite of the
Maitlen. The boundary between Maitlen Phyllite and Metaline Formation was
mapped_at the base of the lowermost mottled limestone characteristic of the

lower member of the Metaline Formationm.
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Metaline Formation

The Metaline Formation is the Metaline Limestone of Park and Cannon
(1943, p. 17-19); "Formation" is substituted for "limestone" to avoid the
confusion that comes when speaking of '"dolomites of the Metaline Limestome."
In the Hooknose-Baldy Block the Metaline Formation is divided into a basal
limestone unit, a middle dolomite unit, an intraformational dolcmite breccia
unit, and an upper unit containing the lithologies of the other units plus
black calcareous argillite.

A major thrust fault divides the rocks of the Hooknose-Baldy Block
into two plates that juxtapose sections of the Metaline Formation presumably
deposited miles apart. The upper plate contains all four units of the forma-
- tion; the lower plate contains only the lower unit.

At no place in the Hooknose-Baldy Block is there a complete, unfaulted
section of the Metaline Formation. Glad;tone Mountain has all four units,
but only the middle dolomite unit is completely represented. The composite
Leadpoint section (fig. 3) represents the general lithologic sequence and
probably the aggregate'thickness of the formation that occurs in the upper
plate of the thrust, but measurements of individual units are subject to an
unknowﬁ correction for’displacements on faults—-both known and inferred.
Because of the chopped-up nature of the focks, it was nof feasible to mea-
sure thickness variations from one end of the block to the other.

The 1owgr limestone unit, the most extensive and thickest unit and
the only unit present in both thrust plates is complete in neither plate,
therefore its :maximum thickness is unknown. The lower paré of the lower
limestone unit, which is only preseht in the lower plate, grades intc the
underlying Maitlen Phyllite and is estimated to be between 450 to 900

metres ‘thick. The upper part of the lower unit is only present in the upper
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plate where it is overlain by the middle dolomite unit. In both upper
and lower plates the lower limestone unit is dominated by a fine-grained
dark gray limestone mottled with dolomitic limestone. That in the lower part
has greater unifdrmify; the only variant is a zone from 30 to 90 metres thick
crowded with Girvanella, an algae of spherical form. The upper part of the
lower unit, représenting a thickness of more than 450 metres;-contéins the
same limestone beds that ch#racferize the lower pért, and in addition con-
tain thin-layered dark gray limy shale that is increasingly more abundant up-
’ ward in thé section. It also contains a subunit of fine-grained black dolo-
mite from 30 to 90 metres thick and one or more similar but much thinner
subunits. TFossils representing a trilobite fauna of Middle Cambrian age
were collected from several localities, all from limy shales adjacent to the
black dolomite. The collections are described in the appendix. The upper
part of the lower unit of the Metaline Formation is best developed on the
hill east of Léadpoint, but even here thg uppermost beds are not expﬁsed,
being cutAoff by the Leaépoint fault. The uppermost beds are thin-bedded
limy shale alte;nétiﬁg with dense black limestone, rocks ve%y similar to
the "Thin-bedded member of the lower limestone unit of the Metaline Forma-
tion" measured by Dings and Whitebread (1965, p. 11) at the Lehigh Quarry
Hill, Metaline district.

The contact of the lower limestone unit of the Metaline Formation
with the‘overlying middle dolomite unit is only exposed--and poorly--in the
valley of the West Fork of Silver Creek (Leadpoint quadrangle) where the
uppermost beds of the lower unit are dense mottled limestone with inter-

layered limy shale. The change from limestone to dolomite is abrupt.
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What is regarded here as the middle dolomite unit of the Metaline
Formation includes under a single unit the three subunits that were
mapped as composing the middle member of the Metaline Formation in the
Leadpoint quadrangle (U.S. Geol. Survey MF-137) and Deep Lake quadrangle
(U.S. Geol. Survey MF-237) by Yates and Rnbertgon (1958) and Yates and Ford
(1960) respectively. .The correlation chart (fig. 4) shows equivalent sym—
bols used on the three maps. The map boundaries for upper and lower limits
of the unit are the same as those of the middle member shown on the Deep
Lake and Leadpoint quadrangle maps. The three subdivisions shown on the
two earlier maps separate a well-bedded middle part from the massive dolo-
mite of a lower and an upper part. The boundaries that define these distinc-
tions, although mappable in some places, are in other placés tenuous and do
not everywhere represent the same stratigraphic planes. An additional compli-
cation to using these subdivisions is in the dolomite near the Spirit pluton
where metamorphism largely destroyed the bedding.

The middle part of the middle dolomite unit is typically a fine- to
médium—grained banded dolomite consisting of medium gray to dark gray layers
alternating with light gray to white layers. The colo; bands ére locally
absent or indistinct and here the rock is uniformly light gray or dark to
medium gray. The color bands, generally 5 to 45 cms thick, represent beds
whose outlines are locally discontinuous and irregular because of migration
of the carbonaceocus pigmenting material during recrystallization of the
rock. Many dark layérs contain small blebs and thin streaks of light gray
or white dolomite; in other dark layers the distribution of white dolomite
gives the rock a worm—eaten appearance. About 300 metres of this banded
dolomite is present on Gladstone Mountain. The dolomite both below and

above the banded dolomite is a light gray to white, massive medium~ to coarse-

8rained dolomite.
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The intraf&rmationalvdolgmite breccia unit of the Meialine Formation
is, as the name implies, entirely dolomite,Abut differs principally from the
underlying Qnit by being about one-third an intraformational breccia of
dolomite'fragments in a dolomite matrix. The remaining two thirds of the
unit commonly is a‘dark gray to light gray, medium-grained to fine—grained,
thin bedded dolomite. In piaces the bedding is vague, poorly defined, or -
absent; where absent thé rock is medi#m gray in an aggregate color, which on
éloser inspection is seen to be a compromise between a mixture of white and
black doiomite grains. A field name for this variety was "'salt and pépper"
dolomite. |

The two varieties of dolomite, breccia and bedded,.alternaté in the
section; the alternations are from é metres to 100 metres thick, which in
the aggregate total more than 400 metres thick. Boundaries between the two
are sharp or gradationgl. Lateral changes from breccia to nonbreccia could
not be measured in the field, but small scale gradations suggest'that large
scale gradations probably exist. The gross layering is o&erall parallel,
but in detail the contacts between breccia and bedded dolomite are highly
irregular. .

The breccia fragments‘are mostly thin slabs broken parallel to bed-
ding; they fange from less than one centrimetre to 1 1/2 metres in length,‘
are subangular to angular, and occur unsorted in‘a matrix of fine-grained
darker dolomite (fig. 5a). In some places fragments are preferentially
oriented barallel to the bedding planés of nearby bedded dolomite; more com—
monly the fragments are rotated; the relatively few fragments that are bent,
probablf-are the result of differential compaction during their .accumulation.
Locally recrystallization has déstroyed or obscured outlines of breccia

fragments or modified bedding planes to form banded to irregular segregatiomns
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of darker dolomite. On the other hand, the outlines of some breccia frag-
ments are preserved and their shapes enhanced by replacements of quartz
along their borders. Quartz also occurs as irregular nodules, lenses, sheets,
and peculiar button-shaped nodules (fig. 5b). Some of the nodules probably
were deposited as chert, which later recrystallized to quartz. Silicified
mud cracks were found at one place on the west slope of Gladstone Mountain
(fig. 5c). Fossils (phosphatic brachiopods) were found in three places:
two localities are near the base of the unit on Gladstone Mountain and the
other, near the top of the hnit, on the old Frisco-Standard road. One of
these localities on the north side of Gladstone Mountain is that of C. D.
Campbell (1947, p. 606) who found Acrotreta sp. and Nisusia sp., recognized
by Josiah Bridge as Early Middle Cambrian.

The contact of the intraformational breccia unit with the underlying
dolomite is gradational; that with the overlying, uppermost, unit is every-
where faulted, but the presence of intraformational breccia in the uppermost
Metaline unit suggests that this contact is also gradational.

The intraformational breccia unit is continuous with rocks in the north-
west corner of the Metaline quadrangle, which was mapped as Devonian by Park
and Cannon (1943, p. 22-23), who considered it the same unit as a limestone
bearing Devonian fossils that outcrops 6 1/2 kilometres to the southeast. The
correlation was based on a similarity to a "limetsone breccia or conglomerate"
at the base of the fossil bearing unit. They did not consider it part of the
Meﬁaline Formation because it did not resemble any of the rocks that composed
that formation in the Metaline quadrangle. The tracing of this intraformational
dolomite breccia from the northwest corner of the Metaline quadrangle into the
Deep Creek area, where it is demonstrately a part of the Metaline Formation

and where it contains Cambrian fossils firmly establishes its Cambrian age and
its lack of affinity with the Devonian rocks.
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The upper ﬁnit, which includes both clastic and carbonate rocks, has
beenthe most difficult unit to fit into the stratigraphic sequence of Cambrian
rocks. Campbell (1947, pl. 1) included some exposures of the unit with the
Metaline Formation and other exposures with thg Maitlen Phyllite. Yates and
Robertson (1958) show the unit on the preliminary map of the Leadpoint
quadrangle as a unit of questionable Cambrian age lying between the Metaline
Formation and the Ordovician Ledbetter Slate. Fossils were later found
which confirmed the inferred Cambrian #ge and stratigraphic position, but
until these fossils were found, the possibility that the unit was younger
than the Ledbetter Slate could not be eliminated. The contact with the
overlying Ledbetter is exposed southeast of Deep Lake and southeast of
Leadpoint (see fig. 2), where it is both conformable énd abrupt. Nowhere
has it been seen in depositional contact with the underlying unit. : This
uﬁper unit of the Metal%ne was not identified in Fhe northeast corner of
the map area (fig. 2), wher;mexposures are so poor th#t the deposi;ional
contact interpreted between the dolomite breccia unit and the Ledbetter

Slate may be in actuality a fault that has eliminated the upper unit.
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The estimated thickness of about 500 metres (see fig. 3) for the upper
\ unit is conjectual; at no place is an unfaulted section exposed, in fact,
the restored section is largely an interpretation of the betterAexposures

of the unit that are in widely separated localities, the lower part west

of Deep Lake‘and the upper part southeast of Leadpoint. Although no- key
beds were found that are common to both exposures, this does not necessarily
indicate that a middle part of the unit is missing because rapid lateral
lithologic changes are more probable in this, than in any other Cambrian
unit.

The loﬁer part of the unit contains medium~-bedded, black, medium-grained
dolomite, black limy shale, and intréformational dolomite breccia, Above
this is a dark, fine-grained limestone with a faint buff mottling, a rock
that can be easily confused with the mottled limestone of the lower unit.
The mottled limestone contains two or more discontinuous layers of dolomite
breccia. The upper part of the unit as seen southeast of Leadpoint consists
of about 300 metres of medium-grained gray dolomite, in part a breccia.
Midway in the dolomite is about 45 metres of shaly dolomite, gray brown
in color. At the very top of the dolomite is a metre or more of limestone

on which rests the Ledbetter slate.
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Age
Cambrian fossils occur in the Metaline Formation in the lower limestone
unit, intraformational dolomite breccia unit, and upper unit. Collections

of trilobites from six localities in the lower limestone that were studied

" by Allison R. Palmer were assigned to the Bathyuriscus-Elrathina zone,

which is Middle Middle Cambrian. Faults of unknown displacement, both
known and inferred prevent locatiné the collections stratigraphically with
any accuracy: an intermediate position in the lower limestone is inter-
preted. Collections fromlthree localities in the intraformational breccia
unit yielded phosphatic brachiopods that Palmer considered Middle Cambrian.
From the top of the upper unit, a collection of phosphatic brachiopods that
seemed reférable to Conotreta, "appeared to be Late Cambrian in age."

The following fossil collections from the Metaline Formation in Leadpoint
quadrangle were studied and iéentified.by Allison R. Palmer, whése opinions
on probable age are quoted below. |
Coll. F-4 Sec. 14, T. 39 N., R. 41 E., Elev. 2,480 feet; 915 metres from SE
cor. of sec. In thin bedded, light tan limy dolomite in upper unit of
Metaline Formation; "This collection (by Yates) contains fragments of a
pﬁosphatic brachiopod with strong concentric ridges. Brachiopods of this
type are generally referred to Paterina. They are knéwn from many levels
in the Cambrian and in addition, from the Middle Ordovician of eastern United
States. The collection cannot be more closely dated than Middle Ordovician

or older." A. R. Palmer, 11-29-55
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Coll. F-7. Sec. 14, T. 39 N., R 41 E.; elev. 2720; S. 20° W. 700 metres
from NE corner of section. Collected from dolomite breccia of upper unit
of Metaline Fﬁrmation within 30 metres of base of Ledbetter Slate.

After solution in formic acid, the residue was found to contain
"linguloid brachiopods, small phosphafic brachiopods that seemed referable
to Conotreta, acrotretid brachiopods that lack a distinct intertrough in
the conical pedicle, valve, and spinose scraps of the appendages of an
undetermined arthropod.

Conotreta is a late Cambrién brachiopod known from Alaska and central
Nevada. The lack of a distinct intertrough in the acrotretid brachiopods
is genérally a characteristic of Upper Cambrian forms. The linguloids and
asthropod appendages have no present stratigraphic significance. This
collection appears to be of Late Cambrian age on the basis of ﬁresent
knowledge." A. R. Palmer 11-29-55

The above locality of F-7, was collected by Palmer in July, 1956
(LPW- 4-56). The new collection contained graptolites and fragments of an
agnostid trilobite. "Iwo pygidia of an agnostid...seem most referable to
Lotagnostus, a genus of Late Cambrian age. Agnostids becoﬁe quife rare
Ain Lower Ordovician rocks and it is possible that the forms here referred
to Lotagnostus could be as young as Lower Ordovician.' They are certainly
no older than middle Late Cambrian." A. R. Palmer, 12-13-56

~ The graptolite; in collection LPW-4-56 (USGS No. 2176e0) were studied
by R. J. Ross, Jr. who reported, '"Dictyonema sp. (and an) unidentifiable

fragment possibly belonging to Diolymograptus. Probably Ordovician but no

positive proof here. Could be younger." 1-9-57
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Another collection by Palmer (LPW-5-56) 3 metres higher stratigraphically
than LPW-4-56 is reported on as follows, "This collection contains a specimen
of the phosphatic brachiopod Schizambon and a single nearly smooth agnostid.
The association of these forms indicates either a late Cambrian or early
Ordovician age for the collection." A. R. Palmer, 12-13-56

Three collections, F9, F13, and Fl4 were made from and immediately
below the intraformational dolomite breccia wmit and these are also reported
on by Palmer (11-29-55).

Coll. F9. Sec. 19, T.39N., R.42E.; elev. 3320; S.26°E., 655 metres from
NW corner of section. Collected from light gray dolomite.

"This collection contains fragments of an indeterminate acrotetid
brachiopod>and of a brachiopod with a quincunxial pattern of ridges on its
outer surface. Forms with this pattern are generally referred to Dictyonia..

Although Dicyonina-like brachiopods are known from rocks as young as
Middle Ordovician, the ones from this collection have more of the aspect
"of Middle Cambrian forms than of those presently known from younger rocks.
Ihis collection is probably Middle Cambrian in age." A. R. Palmer, 11-29-55

Coll. F-13. Sec. 7, T.39N., R.42E.; elev. 3680 ft; N.33°E. 137 metres
from SW cor.\of sec. Collected from gray‘dolomite unit near base of dolomite
breccia unit. "This collection contains acrotretid brachiopods and a
specimen referable to Paterina; Its age is Middle Ordovician or older."

A. R. Palmer, 11-29-55
Coll. F-14. Sec. 7, T.39N., R.42E.; elev. 3760 ft; 90 metres in N. 45° E.

from SW cor. of sec. About 30 metres above locality, F-13.
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This collection contains a Middle Cambrian assemblage of phosphatic

brachiopods referable to Acrothele, Homotreta, and Paterina. This locality

is probable the same as the collected by C. D. Campbell (1947, p. 606),
whose collection contéined, according to Josiah Bridge, two brachiopods,
Acrotreta sp. and Nisusia sp. considered early Middle Cambrian in age.

The lower limestone unit of Ehe Metaliﬁe Formation supplied six fossil

localities in:the Leadpoint quadrangle that represented the Bathyuriscus-

Elrathina fauna of the Middle Middle Cambrian. Most of the identifiable
fossils have been descfibed from the Stevens Formation of the Canadian
Rockies. The six collections described below were identified by A. R. Palmer.
Coll. F-6. Sec. 14, T.39N., R.41E.; elev. 2320 ft; S.61°W., 730 metres
from‘NE corner of section. Collected from thin bed dark gray limestone. '
cf. Alokistocare paranotatum Rasetti

Elrathina cordillerae (Rominger)

Ogygopsis Klotzi (Rominger)

Oryclocephalus reynoldsi Reed

Pagetia sp.

Parkaspis sp.

Peronopsis columbiensis Rasetti

Peronopsis montis (Mathew)

Zacanthoides divergens Rasetti
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Coll. 55-R-7. Sec. 6, T.39N., R.42E.; elev. 3440 ft; S.39% E., 685 metres

from NW cor. seé. Collected from dark gray, thin bedded argillaceous lime-

stone.

Alokistocare cf. A. sinuatum Rasetti
Alokistocare sp.

Batbyuriscus.adaeus Walcott

Elrathia permulta (Walcott)
Elrathina cf. E. cordillerae (Rominger)
Glysphaspis sp.

Helcionella sp.

Homotreta sp.

Hyolithes sp.

Klotzeilla? sp. )

Kootenia cf. K. spencei Resser

A. R. Palmer, 11-29-55

Kootenia burgessensis Resser
Nisusia sp. J

Oelandia ép.

Olenoides serratus (Rominger)
Oryctocare sp.

Oryctocephalus burgessensis Resser
Pagetia cf. P. bootes Walcott
Peronopsis ;p;

Pegmatreta sp.

Zacanthoides divergens Rasetti

Zacanthoides romingeri Resser

Coll. 55-R-8. Sec. 6, T.39N., R.42E.; elev. 3300 ft; N.32%°W, 850 metres

from SE cor. sec.

» Bathyuriscus? sp.

Elrathina sp.
- Pagetia sp.
Peronopsis sp.

Pegmatreta sp.
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Coll. 55-R-13. Sec. 31, T.40N., R.42E.; elev. 3660 ft; 670 metres
N.88°E. from SW cor. of sec. Collected froﬁ dark gray limestone and probably
stratigraphically equivalent to locality SS-R—?,’but 600 metres north along
strike.

Bathyuriscus sp.
Elrathin; sp.
Olenoides? sp.
Pagetia_gp.
Peronopsis sp.
Pegmatreta sp.

Coll. 55-R-18. Sec. 31, T.40N., R.42E.; elev. 3700 ft; N.84E., 840 metres

from SW cor. sec.’ Collected from dark gray limestone.
Kootenia sp.
Nisusia sp.
Coll. 61-1 (3798-C0) Sec. 31, T.40N., R.42E., N. 170 metres from SE

cor. of sec. Dark gray limestone.

Peronopsis sp. , Oryctocephalus sp.
Ptychagnostus sp. ' Bathyuriscus sp.
Pagetia sp. Elrathina sp.

-

2 undet. ptychoparioids

A. R. Palmer, 4-24-62
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Ledbetter Slate

The Ledbetter slate, the youngest sedimentary rock in the Hooknose
Baldy biock, was named by Park and Cannon (1943, p. 20) from exposures
containing Ordovician graptolites on the slopes west of Ledbetter Lake
in the Metaline quadrangle. Because rocks mapped as Ledbetter Slate by
Park and Cannon were later found to céntain Silurian and Devonian fossils,
Dings and Whitebread (1964, p. 23) redefined the formation to include
only rocks of Ordovician age. It is a poorly bedded, extremely fine-grained
metamorphosed black shale, which in places is graptolite-bearing and has
well developed, but erratically.distributed slaty cleavage. In the Metaline
quadrangle it regts with sharp but conformable contact on the uppermost
limestone beds of the Metaline Formation and continues from here upward
through 670 metres of section with no change in lithology to slates that
bear Silurian graptolites. In the Hooknose-Baldy block the lower contact
is similér to that in the Metaline quadrangle, but its upward limit is
everywhere fixed by faults. Graptolites (see fig; 19A) collected from
near the base of the formation ;nd from several undetermined stratigraphic
levels within the formation, although poorly preserved, can be assigned
to the Ordovician. The thickest an& most'continuous section, southeast
of Deep Lake, has a minimum thickness of about 750 metres. Since this
section is not internally controlled by fossils, it is conceivable that

it could include Silurian as well as Ordovician rocks.
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Unweathered Ledbetter Slate is a dark gray to black, extremely fine-
grained rock, which rarely has discernible bedding but commonly‘has one or
more cleavages. The bedding where present is alwajé faint and is represented
by slight color changes unaccompaﬁied by changes in grain size. The dominant
cleavage parallels bedding or makes a small angle with it in the few placés
where the two features could be observed together. Commonly one or more sets
of cleavage, or closely spaced jbints, intersect the dominant.éleavage at )
large angles. Graptolites are only preserved where the stroﬁg cleavage
parallels the bedding.

Ex;ﬁination of thin sections and a chemical analysis of a sample collected-
from the south slope of Black Canyon (southern part of BOundaff quadrangle)
indicate that it is composed priﬁcipally of quartz and muscovite and a lesser
amount of chlorite. The color comes from finely disseminated carbonaceous
material, obviously not graphite as it can be bleached by moderate'amounts‘of
heat. In places the rock contains visible crystals of pyrite, a mineral that
in fine dissemiﬁations may be pargly responsible for the éolor. Most rock
does not contain calcite, but some gives a slight efferescence when tested
with dilute hyrodechloric acid.

The formation is remérkably uniform in lithology. The thin quartzite
beds\present in the Ledbetter in the Metaline quadrangle (Park and Cannon,

1943, p. 20 and Dings and Whitebread, 1965, p. 2-5) ;re absent. A thin, dis-
continuous layer of finé—graiﬁed gray 1imestone from 30 to 90 centimetrés thick,
which is locally replaced by barite, occurs 213 metres above the base of the
section southeast of Deep Lake. Thin argillaceous limestones, from 5 to 30
centimetres thick occur in rocks mapped as Ledbetter in the northeast corner

of the Deep Creek area, but exposures are so poor here that the correlation

of these rocks is uncertain.
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Lime Creek Mountain blockr

"The Lime Creek_Mouﬁtain block is a triangular area séparated on the east
from the Hooknose-Baldy block by the Leadpoint fault and on the northwest from
the Red Top-Grass Mountain block by the Black Canyon and O'Hare Creek faults
(see index map for fig. 2). The south side of the block is intruded by the
Spirit pluton. The Lime Creek Mountain block contains the same general se-
quence of lower Paleﬁzoic rocks as that in the Hooknose-Baldy block, as well
as a unit containing probable Devonian fossils. The Gypsy quartzite and the
Reeves Limestone Member of the Maitlen Phyllite are separated from the phyl~
lite member of the Maitlen by an overturned thrust fault. Descriptions of the
various units emphasize differen;es between stratigraéhically equivalent rocks
described in the preceding section.

Rocks below the thrust fault Gypsy quartzite

The Gypsy quartiite, the oldest rock in the Lime Creek Mountain block,
occurs in structurally isolafed fault segments along the southern part of the
block. . The upper partAof the Gypsy is best represented;Aonly a few hundred
feet of the lower part crops out at a single locality, about 1.6 kilometres
north od Deep Lake, where it is isolated by faults and alluvium. Réiations
between the upper and lower parts, therefore are unknown, as is the amount of
section that has been removed by faulting. The aggregate thickness of the
exposed parts of the formation is roughly estimated to be about 450 metres.

The lower part of the Gypsy quartzite is a white to light gray, m;diuﬁ—
grained quartzite similar to that in the Hooknése-Baldy block. If anything,
it is more massive; bedding is rarely discernible. The exposed upper part
contains much less quartzite than the upper unit in the Hooknose-Baldy block,

as it is about one half interbedded phyllite. The quartzite beds are gray to

green—-gray, are commonly stained brown by limonite, and are never pure; some
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contain as much as 50 percent mica and variable amounts of calcite. The

- upper part also contains a few thin lenses and layers of medium-grained,

buff to gray sandy 1imest6he. Magnetite~-bearing beds, similar to those in

the Hooknose-Baldy block, occur at what may be the same stratigraphic horizon.
Maitlen Phyllite

The Reevgs Limestone Member is shown in the Lime Creek Mountain and Rgd
Top-Grass Mountain blocks in the geologic map of the Deep Creek area published
as Map I-412 (Yates, 1964) as a multiple unit intercalated with phyllite or |
schist. At the time this correlation was made, the relations between the
carbonate and phyllite units of ;he Maitlen were not understood. After map-
ping the Northport quadrangle to the west (Yates, 1971) where the Maitlen
consists of an alternation of limestone and phyllite units, with phyllite in
the minority, it was realized that the Reeves Limestone Member is a name that
should apply only.to the limestone unit immediately above the Gypsy quartzite
and that the other limestones should go unnamed, at least for tﬁe time being.
This cdfrection has-been made on the revised geolégic map of the Deep Creek
area (fig. 2).

The Reeves Limestone Meﬁbér in this block is much thicker than that in
the Hooknose-Baldy bloék, but it is so structurally confused that only generali-
zations can be maﬁe about its thickness, lithologic variation, and strati-
graphic relations. It overlies the Gypsy quartzite with a sharp but conform-
able contact. At the one place (south center of sec. 21, T.39N., R.40E)
where this contact can be clearly seen, the beds immediately above the quart-
zite are mottled like those of the‘lower limestone unit of the Metaline
Formation. About 100 metres to the northeast the contact-is less sharp and
the transition is a few feet of buff sandy limestqpe. Two or three\thin

layers of similar buff sandy limestone, or limy quartzite, occur further up
/ .
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within the mottled limestone. These layers cannot be tr#ced laterally more
- than 90 metres and were not found elsewhere in what appears to be comparable
parts of the section. The mottled limestone beds appear to be confined to
the lower part of the Reeves Member, up section the rock is a light gray
well-bedded 1ime;£one; together they have a maximum thickness of 300 metres.

The phyllite is so similarAto that in the upper plate it ﬁeeds no
further description. That immediately above the Reeves Limestone is 60 metres
thick and is overlain by 90 metres of bed&ed 1imestone similar to that forming
the upper part of the Reeves. Some of the limestones in the faulted segments
probably are other units that lie stratigraphically above this unnamed lime-
stone.

Rocks above the thrust fault Maitlen Phyllite

The general mineralogy of the phyllite unit is very similar to that of
the phyllite of equivalent metamorphic grade in the Hooknose-Baldy block. It —
is typically a fine-grained, gray to green-gray, faintly thin-bedded quartz-
-muscovite~chlorite rock having well developed cleavage. Dark gray sheared
varieties and calcareous varieties are present. Rocks spotted with porphyro-
blasts of chlorite and chloritoid represent compositional variations particu-
larly susceptible to metamorphism Near the Spirit pluton the rocks are
schistose and the porphyroblasts are biotite and andalusite. .

The thickness of the phyllite unit exceeds 1070 metres, of which at least
90 metres is limestone in beds from 15 metres to 60 metres thick. These li;e—
stones appear to occur in the middle or lower middle part of the Maitlen. AThey-
may be at approximately the same stratigraphic position as the thinner finer
grained limestones in the phyllite member in the Hooknose-Baldy block. They
differ from these by being less pure; some contains almost 5Q percent quartz,

muscovite, and plagioclase in varying proportions with quartz always dominant.
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~Metalj.ne Formation

The Metaline Formation in the Lime Creek Mountain block has the lower
limestone unit and the middle dolomite unit of the Hooknose-Baldy block
and has in addition a basal phyllitic limestone unit and an upper limestone
unit which are equivalent to units that occur in the Metaline quadrangle
(Park and Cannon,'1943) but do not occur in the Hooknose-Baldy block.

The intraformational dolomite breécia unit and the overlying unit of mixed
carbonate lithology, characteristic of the Metaline Formation of the Hooknose-
Baldy block are both absent in the Lime Creek Mountain block (fig. 3).

Total thickness is about 3,000 metres.

The phyllitic limestone unit, about 300 metres thick, comsists of dark
gray fine-graihed limestone and thin interlayers of black phyllite. This
combination of competent and highly incompetent layers yielded to folding
by flowage of the phyllite and fracture and boudinage of the limestone
thus producing an intimate mixture of the two phases, which as a result,
seldom exhibits bedding. The phyllite is very similar to the highly sheared
phase of the Maitlen, and the limestone resembles those of the overlying
lower limestone unit. This phyllitic limestone unit represents a transition
from the phyllites of the Maitlen to the limestone of the Metaline formation;
however, it does not represent a gradual change from phyllite to limestone,
because the proportions of these rocks vary but little from top to bottom

of the unit.
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The lower limestone unitlof the Metaline Formation, which has an
estimated thickness of about 460 metres, consists of limestone very similar
to that in the Hooknose-Baldy block and a phyllite subunit, 60 to 90 metres
thick, whose base is about 120 metres above the base of the unit. The
phyllite subunit was not recognized in the western part of the block.
Missing from the section are the fine-grained black dolomites and shaley
limestones that occur in the lower limestone unit in the upper plate in
the Hﬁoknose-Baldy block.

The contact with the overlying middle dolomite uﬁit ié abrupt. The
upper part of the unit in the lower reaches of Sherlock Creek has been’
hydrothermally dolomitized without any change in the general appearance
of the rock.

The middle dolomite unit is the counterpart of the middie dolomite
unit of the Hooknosg-Baldy block and is the youngest stratigraphic unit
common to both blocks. Near‘fhe mouth of McKinnon Creek, is the only
apparently unfaulted section, 1430 metres thick. The Qnit is conformably
overlain; apparently without transitional beds, by the upper limestone
unit. Above the Deep Creek mine this boundary is difficult to define,
but this may be due in part to hydrothermal dolomitization. The only
nondolomite in the unit is a 15 metre limestone similar to th; lower lime-

stone; it occurs only in the western end of the block.
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The upper limestone unit, 760 metres thick, is a light gray to wﬁite
medium to coarse grained limestone or marble. Bedding is poor and is
usually defined by streaks and {rregular bedding—controiled replacements
of gray medium—grained dolomite. Quartz occurs in the limestone as single
grains, clusters of grains, and small nodules, which are probably recrystal-
lized chert; muscovite occurs as thin flakes along bedding and cleavage
planes. The contact of the unit with the younger Ledbetter\Slates is sharp.

The Ledbetter Slate

Rocks in the Lime Creek Mountain block mapped as Ledbetter Slate consiét
of three units: (1) a lower unit o} 150 metres of black, graptolitic
slate, (2) a middle unit of 150 metres of soft, black, "sooty" argillaceous
limestone, and (3) an upper unit of 180 metres of fine-grained quartzite
or "siltite.” The black slate unit is typical of that in the Hooknose—Baldf
block .and needs no further description, but the other two units, although
restricted to this block, are distinctive enough to" be of stratigfaphic
value. Because'neither of these two units appear in the type section of
Ledbetter Slate in the Metaline quadrangle, which Dings and Whitebread
(1964, p. 23) redefined by restricting it to rocks of Ordovician age, there
is some question as to whether they should be included here, under.the

heading of the Ledbetter Slate.
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The sooty limestone is well exposed in cuts along the road to the
Advance mine. From the mine it can be traced for about 3 kilométres to
the northeast and less than two kilometres to the southwest. Whether the
unit pinches or is eliminated by faults was not determined. It grades
downward into the slate unit, and is overlain abruptly by the siltite unit.
It is a thin- to medium-bedded rock that rang;s considerably in composition.
Under the microscope it appears to contain more carbonate minerals than -
the field acid test indicated, which suggests that it is dolomitic. Be-
sides the c;rbonate mineral, it is composed of silt size grains of quartz,
shreds of sericite and chlorite and flakes of black slate.

The upper unit of the Ledbetter Slate, the siltite, is a dark gfay,
massive to micro-bedded, and fine-grained. It is in fault contact with
all younger rocks and its distribution is similar to that of the sooty
limestone. Most of the siltite is poorly bedded; thin-beaded and micro-
bedded varieties occur in the upper 100 feet. The micro-bedded rock has
structures indicative of depositional slumping. The massive variety is
mottled by brownish, olive-green blotches. The composition is about 75
percent subrounded qﬁartz, with the remaining 25 percent about equally
divided between shreds of muscovite, detrital grains of albite and
microcline, and limonite, pseudomorphing pyrite, calcite, and dolomite.

A few well rounded grains of zircon and blue-gray tourmaline were seen.
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Devonian argillite unit

Above the siltite lies a ﬁlack argillite, which was separated only
on the southeastern side of Black Canyon, in the south central part of
the Boqndary quadrangle. Although the argillite of the unit ‘is indistin-
guisable from that of the several black argillite units that occur north
of the Black Canyon fault in the Red Top Grass Mountain block, thé unit
- 1s distinctive mainly because it contains several quartzite lenses and
beds, as well as, a 20 centimetre thick bed of clastic limestone composed
largely of crinoid debris and finely comminuted calcite of indeterminate
origin. Among this material was found one favositoid coral, which,
according tc J. Thomas Dutro, Jr. (personal communication) is "probably
the genﬁs, Alveolites." The specimen "is not well enough preserved to
enable specific identification. Indeed, the generic assignment must be
somewhat doubtfui. The range of this genus is Silurian througﬁ Devonian.”
Because of its stratigraphic position a Devonian age for this unit is

considered more probable than a Silurian age.
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The unit is tentatively correlated with the unnamed reef limestones
in the Metaline quadrangle that are described by Park and Cannon (1943,
p. 22-23) and Dings and Whitebread (1965, p. 27-30). These lenses and
., reefs of fossiliferous élastic limestone occur in slates that lie above
the graptolitic beds of the Ordovician Ledbetter Slate. The limestones
contain ;iddle Devonian brachipods and corals and the slate below the
limestones contain Silurian graptolites. On fossil collection from the
limestone contained Alveolites sp., and another contained a coral consid-

ered Favosites limitaris and a form possibly Alveolites sp.? (p. 29-30).

The lithic association of the Devonian limestones of the Metaline quadrangle

is very similar to that of the Black Canyon area.
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Sparse exposures and probable stxugtural complexities prevented resolving
the internal stratigraphy of the unit. The argillite of the unit is the
typical fine-grained, black rock that locall& exhibits good slaty cleavage
and as such is indistinguishable from other slates in the map areas, from
which it is separated by the presence df_the above mentioned clastic lime-
stone bed and sparse-quartzite lenses and beds. The numbe; and exact
stratigraphic position of these lithic variants is uncertain but the best
exposures {(central part of sec. 13, T.39N., R.40E.) suggest that the clastic
limestones are stratigraphically below the quartzites. The thin fossili-
ferous clastic limestone bed appears to be about 30 metres above the siltite
unit of the Ledbetter; ;bouﬁ 75 metres above the siltite, one outcrop con-
tained a lense.3 metres thick, of conglomerate composed of clasts of lime-
stone and black chert in a limestone matrix. The largest quartzite lense,
which is 6 metres thick, and composed of massive dark gray, medium fine-
grained dolomitic quartzite, lies about 150 metres from the contact.

Further to the northeast the black ;rgillite is interlayered.with 15-centi-
metre layers of dark gray qu;rtzitg, which appear to lie at the same

stratigraphic position as the quartzite lense.
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Red Top-Grass Mounﬁain block
The Red Top-Grass Mountain bléck is a triangular area, bounded on the
south by the Black Canyon and O'Hare Creek faults and on the norfh by the
Columbia fault. Rocks in the eastern end of the block are referred to as
the Red Top Mountain sequence and are equivalent to Cambrian units_dgs-
cribed-above; those in the western part of the block, the Grass Mountain
sequence, are unique to the block and are believed to be upper Paleozoic.
The Grass Mountain sequence yielded no fossils and conceivably--but unlikely--
is a facies variant of the post-Cambrian, lower Paleozoic rocks. The
O0'Hare Creek fault separates the Grass Mountain rocks from those in eastern
part of the block.
Red Top Mountain assemblage
Rocks in the eastern part of the block include units that are correlated
with the Gypsy Quartzite and the Maitlen Phyllite. Included are six, easily
separated, light-colored rock units of quartzite, limestone, and phyllitic
schist and one contrasting unitlof black argillite that suggests a tie to
the predominant black argillite of the Grass Mountain sequence. The units,
from oldest to youngest, are quartzite, limestone, schist, limestone, schist,

limestone, and argillite.
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Correlations of some units within the sequence can be made confidently,
those of otherAunits are tenﬁous. The quartzite is correlated with thg
Gypsy Quartzite, the lower limestone with the Reeves'Limestope Member, and
the middle limestone is an uncorrelated and unnamed limestone in the phyllite
-of the Maitlen. The two phyllitic schist units belong to the Maitlen
Phyllite. The upper limestone unif, which is conformably overlain by the
argillite unit, is interpreted as equivalent to the upper limestone of the
Metaline Formation that océurs in the Columbia anticline of the Northport
quadrangle (Yates, 1971).

The argillite unit is an enigma. If the upper limestone unit is an
age equivalent of the upper limestone of the Metaline Formation, the over-
lying argillite should be equivalent to the Ledbetter Slate.’ Although the
argillite, which is unfossiliferous, belongs to the black4sha1e facies, it
is too dissimilar to the Ledbetter and the correlation too tenuous to extend

the name Ledbetter to the Red Top-Grass Mountain block.
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On the other hand, the correlation of the argillite on Red-Top Mountain
with the Emerald Member of the Laib Formation (Maitlen Phyllite) of the
Salmo District of British Columbia (Fyles ;nd Hewlett, 1959, p. 26) that
was made on the geologic map of the Deep Creek area (Yates, 1964) is wrong.
At-the time this correlation waé made the geology of the Northport quad-
rangle was unmépped and it was not realized that the uppermost limestone
on Red-Top Mountain was equivalent toAthe Metaline Formation, and that
therefore neither Emerald nor Upper Laib could be above this unit in the
Red-Top Mountain block. Because there is no positive evidence thaﬁ links
the argillite to the Ledbetter Slate and good evidence that the argillite
is not equivalent to the Emerald Member, or to any part ofﬁthe Laib Formation,
it is in need of a name of distinguish it from the several other argillites
in the Red Top-Grass Mountain block. It is therefore informally‘named
argillite of Red Top Mountain on the geologic map (fig. 2) a name shortened
in the text to the Red Top argillige——strictly as an informal means of
identification.

Gypsy)Quartzite

The Gypsy Quartzite is subdivided into two units: (1) a lower, massive,
~white to light gray quartzite and (2) an upper, thin-bedded quartzite inter-
layered with quartz muscovite schist. The lower un;t is a gray to white,
medium- to coarse-grained rock compoéed of elongate, vitreous quartz»grains.
Bedding is very poorly developed and, where ob;erved, was m;inly indicated
by thin partings of mica shist. Cross-bedding was not seen, but strong
recr§stallization under stress may have obliterated this, as well as other

se&imentary features. The base of the unit is not exposed.
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Above the massive quartzite lies about 250 metres™ of thin-bedded \
quartzite intercalated with quértz sericite schist. This unit is a medium—
graiped, gray to brownish gray rock with well developed bedding. Many beds
contain small amounts of muscovite, and some beds, biotite concentrated in
micro-layers. The quartz is typically leaf-like, which gives.the rock a
pronounced planar structure parallel to the bedding. The interlayers of
schist are mineralogically similar to the quartzite layers, only a mica
is dominant and quartz subordinate. Within 30 metres of the top of the umit,
are beds of magnetite-bearing quartzite similar to those in the Hooknose-
Baldy block. Towards the top of the unit, near the overlying limestcne,

the quartzite contains as much as 20 percent of calcite cement.
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Maitlen Phyllite and Metaline Formation

The quartzife is succeeded by three mappable units of limestone separated
by phyllitic schist. The lower (Reeves) and middle limestones belong to the
Maitlen Phyllite, the upper to the Metaline Formation. All three limestones
are very similar except for thickness: the Reeves is from 15 to 30 metres
thick, the unnamed Maitlen limestone 30 to 150 metres thick, and the upper,
or Metaline limestone is in excess of 365 metres thick. All are medium-
grained recrystallized limestones that preserve no sedimentary structures
othe; than bedding, which ranges from well-bedded to poorly bedded. Bedding
commonly is identified by color variations that range from white to light
graf to médium gray, but it is also identified by concentrations of thin foils
of muscovite that lie parallel to the color layers. Compositionally they are
low magnesian limestones, containing on the average less than 5 percent of
magnesian carbonate. According to the few‘samples analyzed (table 1) the
Reeves (no. 2) and the unnamed limestone (no. 1) are the most impure. The
upper unit, the Metaline limeétone (no. 3) is a high quality limestone suitable
for many industrial uses (Mills, 1962, p. 70).

‘The Reeves and unnamed Maitlen limestones are separated by a greenish
gray phyllitic schist about 30 metres thick.‘ This rock has the well foliated
fabric of a schist and the grain size of a phyllite. It is composed pre-
dominantly of muscovite and lesser amounts of chlorite and quartz plus minor
amounts of recrystallized calcite and sparse grains of detrital heavy minerals
and grains of euhedral magﬁetite. It has no bedding, but a well-developed
cleavage along the fol@ation. In the Red Top mine the unit encloses a thin

layer of limestone, which was not recognized elsewhere.

57



Table [~-Chemical analyses, /n percent, of limesrones
from the sovth slope of Red Top Movntars.
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The schist that separates the Metaline and unnamed Maitlen limestones
is also a fine-grained rock that has textures of both schist and phyllite.
It is well bedded and c&&posed miinly of muscovite and quartz. Chlorite
is present only in minor amounts, but locall, particularly near its base
and top, it is calcareous. The average thickness is about 60 metres.

‘Thickness of the two schist units and those of the Reeves and unnamed
limestone can be measured with fair accuracy, but this is n;t true for the
limestone of the Metaline Formation, which is nowhere present in its en-
tirety. Nor can its total thickness be restored by assembling the faulted
segments because.of the homogenity of the unit. Its upper contact was seen
only on Red Top Mountain and on the north slope of the canyon of O'Hare
Creek.

On Red Top Mountain, the Metaline Formation is thinner bedded, finer
grained, and contains as much as 30 percent of detrital quartz. The pre-
dominaﬁt black argillite of the overlying Red Top argillite encloses
occasional beds of limestone éhrough“a &istancé of.;e§eral hundred feet
above the contact, but these limestone layers, black and fine grained,
sharply contrast with the light colored, coarser-grained beds assigned to
the Reeves Limestone Member. The contact between the limestone and the
black argillite is conformable as well as sharply gradational, which suggest

that the change in depositional conditions, although sudden, does not

necessarily represent a hiatus.
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The faulted section of Metaline rocks in the Red Top Moun;ain block
lacks the thick middle dolomite member present in all other sections of
Metaline Formation. Whether this has been remove& by faulting or was
never deposited is not known. The absence of any Metaline rocks on the
same structure (Columbia anticline) to the north in British Columbia favors
the latter. |

In the Lime Creek Mountain and Red Top Mountain blocks on the geologic
map of the Deep Creek area (Yates, 1964) the Reeves is shown as a multiple
limestone unit with interunits of phyllite or schist. At the time this
map was made, the relations betwegn the carbonate and phyllite components
‘of the Maitlen Phyllite was not appreciated. After mapping the Northport
quadrangle (Yateé, 1971) where fhe Maitlen coﬁsists of an alternation of
limestone and phyllite units, ﬁith phyllite in the minority, it was rea-
lized that the Reeves Limestone Member was a name that should apply only
to the limestone unit immediately above the quartzite and that the other
limestones shsuld go unnamed--at least_féé the time being. ‘This correlation

has been made on figure 2.
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Argillite of Red Top

The argillite Red Top is a dark gray to black very fine-grained siliceous

rock that ranges in layering from micro-bedded to massive. Some varieties
are microquartzites and siltites that have 80 percent or more quartz.
Muscovite occurs evenly distributed throughout the rock or is concentrated
in certain microbeds. The dark color comes from a finely divided black
pigment, probably amorphous carbon. Some beds are medium-grained, slightly
dolomitic quartzite. A few thin,/fine—grained, dark gray dolomite beds
were seen. One thin section showed microlayers rich in apatite, but no
systematic sampling was made that would indicage whether such microlayers
were common or.rare. ?yrite in small amounts is a common constituent, but
is seldom preserved in the surface rocks. The unit is esfimated to have

a minimum thickness of 600 metres.
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The Grass Mountain sequence

The Grass Mountain sequence is shown in the explanation for figure
2 as of questionable Carboniferous age; an assignment more permissive
than positive for these unfossiliferous beds. A lower Paleozoic agé,
although unlikely, is not inconceivable and is discussed in a following
section. The age assignment depends upon whether it is more closely re-
lated to the Red Top argillite, or to the Devonian(?) argillite, of the
Lime Creek Mouﬁtain block. The basic lithology of ail three is quite
similar. According to the interpreted movement pattern on the O'Hare
and Black Canyon faults, which separate the three units, the sequence has
the greatest affinity to the Lime Creek Mountain Block and hence to the
Devonian(?) argillité. The age assignment to the Carbonife?ous, tﬁergfore

depends largely upon the corraectness of a structural interpretation.
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The Grass Mountain Sequence is divided into five units, but only one,
an argillaceous limestone, is éistinctly different from the other four,
which are dark colored pelites composed largely of quartz aﬁd muscovite.
These four noncalcareous units could not be differentiated without the
minor variants oflthin quartzite and conglomerate. These variants make
it possible to separate a lower unit of black slate containing thiﬁ quar;zite
beds kMap symbol Cgl),from the supposedly'successively overlying units of
argillaceous limestone (ng), black and gray slatehunit (Cg3), black slate
'~ and argillite with conglomerate lenses (Cg4), and siliceous black argillite
(Cgs). This sequence is Selieved to be arranged chronologically in the
explanation of figure 2, but the arrangement is unsupported by fossils or

depositional features that conclusively determine the top of beds.
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The arrangement shown in the éxplanation on the previous geologic map
of the Deep Creeﬁ area (Yates, 1964) is revised in figure 2 and text of
this report; What is now labeled Cg4 was formerly wmit ng and what was
834 is now ng. Eowever,‘this new arrangement is neither entirely depend-
able nor very real. The only demonstrable relations are between units Cg;
and Cg3 and here it is assumed thé section is overturned and Cg3 is thg
older. There is an indication of'gradation or intertonguing of units Cg3
and Cg3 and ng and, following the relation "established" between Cg, and
Cg3, unit ng is the older. Unit Cgl's position in the core of the anticline
favors its age as greater than ng; Red Top argillite was observed in de-
positional contact with Metaline limestone of the core sequence and therefore
is awarded the basal position. By default, unit Cg5 is awarded the uppermost
pqsitidn, %hich is consistent with the predictable relations occurring on

an overturned and thrust faulted anticline.
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The dark, fine-grained rock that forms the great bulk of the Grass
Mountain sequence differs but little from one unit to another. Slate,
argillite, and phyllite in varying proportions dominate all but the lime-
stone unit (ng), but even this unit contains minor interbeds of slate.
Colors vary from intense black to the much rarer silver gray of sheared
aﬁd leached rocks. Bedding, commonly obscure, is most prominént in the
siliceous black aréillite (Cgs){ Composition varies as much within as
between units. Quartz and muscovite are the predominant minerals and .
compose 80 percent or more of the rock; the quartz content ranges from
20 to 80 percent; the high content being typical of the siliceous black
argillite (Cgs). Calcite is commonly absent, but rare beds may have as
much as 10 to 25 percent and some of these grade into limestones beds
similar to those in unit Cg2. Chlorite is uncommon and rarely totals
more than 10 percent. Pyrite altered to‘hydrous iron oxide is c&mmon.
The black finely divided pigmenting material, although a tarbon compound,
is not graphite because it readily leaches iﬁ the presence of oxidizing
pyrite. bescription of the principal lithology, black lutite, of each
unit would be redundaﬁt, therefore the units are described below in terms

of their variants.
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Unit Cgl, black slate with quargzite beds, is sét off from the sequence
by the presence of beds of black quartzite. These occu? through an exposed
stratigraphic thickness of 360 metres. Individual beds range from 15
centimetres to 3 metres thick and are discrete units with very little
" internal layering. The quartzite is a fine to medium-grained rock that
'contaiﬁs 95 percent or more quartz, which occurs as poorly sorted grains in
all degrees of roundness. Some grains are recrystallized chert and a few
are albite and microcline, but the most common accessory mineral is muscovite,
which, however, is nowhere abundant.

The quartz is stéained and mortar structures and other cataclastic
structures are common. In addition to the quartzite beds, unit Cgl also
has a few 5 centimetre beds of green gray phyllite that contain chips of
black phyllite.

Upit ng is the limestone member of the Grass Mountain sequence. It
is a black fine-grained limestone, poorly bedded and rarely thin-bedded.

It contains an estimated 25 to 50 percent of noncarbonate material, which
is also fine grained and dominantly sericite and quartz.

The boundaries between unit ng and adjacent units are faults or are
hidden by surficial depbsits. The position of the unit in the Grass Mountain
sequence is more speculative than factual because of the ambiguities of
structure. Outcrops of the limestone in Seriver Creek grade upwardlinto

argillite but the lack of outcrop prevents positive identification of the

overlying unit as the inferred Cg3.

N
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The Cg3 unit, the most widespread unit in the Grass Mountain sequence,
is the residium of the sequence; it is what remains after the black argillites
that contain conglomerate and quartzite[are split off. It is a monotonous
unit of fine-grained clastics in the textural and structural form of slates,
argillites and phyllites that range from black to mediuﬁ gray in color.
In places it contains a few beds, several inches thick, of black, fine-
' grained limestone and punky porous beds from which carbonate minerals have
been removgd by solution. The composition is quartz and muscovite in varying
proportions plus minor amounts of chlorite and fton oxides. The fine grained
character of the rock prevents greater refinements of the mineralogy Ehrough
thin section study.

Unit Cg4, although physicallyléeparated from unit Cgl, is interpreted
as younger, but the two are so éimilar that it is conceivable that they
may be lateral variations. Instead of containing beds of fine- to medium-
grained quartzite, umit 034 coptains beds and lenses of pebble conglomerate
which is so siliceous in clast and matrix and so thofoughly cemented that
it is itself a quartzite. The principal difference between the two quartzites
is grain size, but the pebble conglomerate also differs in containing angular

clasts and whisps of black argillite.

67



The pebble conglomerate beds range from a few centimetres to mbre than
3 metres in thickness; individual clasts range seriateiy, from coarse sand
to pebbles 3 centimetres in diameter. antacts between thé pebble beds
and the enclosing argillite are inifg edge. In places the éonglomerate
contains thin lenses several inches across of black argillite, in addition
to the fairly common argillite chips. The thin lenses of argillite may
be iarger chips elongated by deformation. In addition to the black argillite
chips or clasts, which are less than 5 percent of the total volume of the
conglamerate, the rock contains several percent of muscovite, chlorite,
and hydrous iron oxide. The pebbles are found only in the pebble beds;
there are no erratics in the argillite.

The shape of individual pébble beds and the possibility that they have
a preferred orientation was not determined. Outcrops are inadequate to
determine the codtinuity of individual beds. ’It is probable that the
pebble beds are fillings in channe;s cut in the argillite and are linear

elements. Unit Cg4 appears to beAabout 750 metres thick.
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The Cg5 unit, the siliceous variant of the Grass Mountain sequépce
occurs not only in the Stone Mountain area, but also on Red Top Mﬁuntain.
It is similar to the black argillites of Russian Creek in the Metaline
district that are considered by Dings and Whitebread (1965, p. 26) as be-
longing to the Ledbetter Slate. The argillites in the Russian Creek area
are described as thin-bedded rocks composed of fine quartz grginsﬁin
undetermined argillic material. In the Deep Creek area the argillic material
is finely divided sericite and quartz. It is estimated that many beds are
more than 80 percent silica; they approach chert in composition and appear-
ance, but thin sections clearly show that the rock is clastic in origin.

The'Cg5 unit on Red Top Mountain is shown on the preliminary geologic
map of the Leadpoint quadrangle (Yates~and Robertson, 1958) as two units,
"bsp" and "bpec." Unit bpé is described in the map explanation as ﬁSheared
and contorted dark gray phyllite; may be a highly deformed phase of bsp.”
In this report unit bpc is accepted as a "highly deformed phaseof bsp" and
accordingly is not separated. Much of unit Cg5 on Stone Mountain is also
highly deformed cataclastic roék, particular%y that near the Columbia fault.

The Pend d'Oreille blsck

The Pend d'Oreille block ié that part of the Deep Creek area that lies
north of the Columbia fault. It in turn is bounded on the north by the |
Waneta fault, which loops south of the Intgrnational Boundary for only a
short distance (figure 14). The small area in the United States that lies
north of the Waneta fault is not given a "block' name but is part of a large

area of Jurassic volcanic rocks, the Rossland Group, that is extensive in

British Columbia, and is called in this report, the Jurassic volcanic province.
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fhe rocks of the Pend d'Oreille block are argillites, limestones and
minor chert and greenstone of the Pend d'Oreille sequence. The Sheppard
granite, which intrudes the sequence is described in the section on structure.
The layered rocks of the Pend d'Oreille sequence (figure 2) are divided
into three units: a lower unit of dark gray argillite interlayered with
limestone (Cpl), an'intermediate unit, mainly phyllite and argillite, but
including greenstone and chert (sz), and an upper unit composed of a
distinctive black silty argillite (Cp3). The upper unit, Cp3, which occurs
only on the west side of the'quumbia River has not been previously described,
but subunits that comprise the other two units are shown on the geologic
map of the Leadpoint quadrangle (Yates and Robértson, MF 137; 1958). These
local subunits are not shown on figure 2, being unidentified parts of Cp
and sz Figure 4 indicates correlative map symbols for figure 2 and MF-137.
Although the Pend d'Oreille sequence contains rocks similar to those
" in the Grass Mountain sequence, the-gross characters differ. Fine—grainéd
clastics predominate in both sequences, but the mineralogy differs with
muscovite dominant over chlorite in the Grass Mountain sequence and chlorite
‘over muscovite in the Pend d'Oreille sequence. Except for rocks in the
northeast corner of the block (fig. 2)--which may more properly belong to
the Grass Mountain sequencef;they contain less carbonaceous material and

are lighter in color, commonly having a greenish cast.
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The lower umit, Cpl, is a black argillite with interlayered'black,
fine-grained limestone. The argillite superficially resembles the argillites
of the Grass Mountain sequence but is distinguished under the microscope
because chlorite dominates over muscovite. The limestone beds, which
may compose 25 percent or more of the unit, range from ’ centimetre to
1 metre in thickness; most beds are between 1 and 5 centimetres thick.

The limestone comparable to the argillite 1is very fine grained and c;n-
tains as much as 50 percent fine quartz, chlorite and sericite, as well

as the usual black pigmenting material.
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The impurity of the limestone is noticeable in outcrép becau;e the
limestone beds weather only slightly more rapidly than the enclosing
'argillite. Their lighter gray tone gives the ;ock a faint banding. A
more pronounced banding is exhibited by the limestone pods, the larger
of which are shown on figure 2 as subunits within unit Cpl. These are
medium té light gray, thin-bedded limestones containing only small amounts
of quartz and mica. Just south of the Wangta fault on the west side of
the Columbia River at the 1,480 foot contour is an outcrop of this lime-
stone fhat is too small to separate on figure 2. This outcrop is bioclastié
limestone that contains fogsil "“trash" among which are crinoid columnals.
According to J. Thomas Dutro, Jr. (written commun., February 25, 1957)
who examined material from this locality, "This collection is composed
mainly of crinodal debris, considerably recrystallized, but recognizable.
There are/a number of columnals and fragments with.ﬁodose ornamentation.
There are a number of columnals and fragments with nodose ornamentation.
The age is Paleozoic....."‘ The limestone in'Cpl, sec. 15, T;40N., R.41E.,
also has poorly preserved crinoid columnals and may be;the same horizon.

Unit sz succeedslunit Cp1 as an abrupt chanée from black argillite
to an assemblage of green graf chert, greenstone, phyllite and quartzite
in what appears to be a conformable succession. Unit sz‘also includes
a thin layered gray and wh;te banded limestone about 60 metres .thick.
Rock types.in the sz unit include: (1) chlorite schist interlayered
with thin quartzite beds, (2) greenstone, (3) metatuffs, (4) chert, and

(5) limesténe.
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The greenish gray chlorite schist (and phyllite) and interlayered
quartzite is the most abundant of the five rock types. It is at least
300 metres thick on the norgh,slope of Red Top Mountain where it is best
developed. The ratio of quartzite to schist is about two to one. The
quartzite is a medium—grained, light gray rock that has pronounced rehealed
cataclastic texture. In places it contains as much as 25 percent albite
and minor amounts of muscovite; The foliated layers between the qﬁértzite
beds range in grain size from fine-grained schist to phyllite. Beds
commonly consist of 50 percent chlorite, 20 percent calcite, and 30 percent
quartz and albite. The presence of chlorite is reflected in the gray
green color.

‘The greenstone occurs as both sheared and massive varieties. The
sheared variety is chlorite phyllite that originally may have been pyro-
clastic rocks. The masgive variety is highly altered basaltic lava that
appears in thin section as felted mats of indeterminable feldspar--probably
albite~-set with phenocrysts of ufalitic hornblende that have rare unaltered
cores of monoclinic pyroxene. Throughout théithin sections are irregular
areas of chlorite, calcite, epidote and quartz, the common metamorphic
products of the conversion of a basaltic lava to a greenstone.

Accompanying the greenstone are vgr& fine~-grained, thinly laminated,
light green rocks composgd mainly of epidote, chlorite, and clinozoisite;

these are believed to be falls of mafic ash.
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In outcrop the cherts are difficult to distinguish from the meta-
tuffs. Both have a fine-grained texture and light.green colﬁr. In thin
section they are seen to be thoroughly recrystallized to a fine-grained
crystalloblastic mosaic of quartz grains. Some contain flecks of muscovite
and veinlets and irregular areas of carbonate minerals. In one thin sec-
tion rhombs of dolomite containing small partly replaced grains of quartz
were clearly cry;talioblastic in the quartz mosaic. Most chert is the
ribbon variety that has thin partings of phyllite between the chert layers.

The sz unit contains at least one limestone that may have been a
widespread part of the unit. It outcrops on the hill west of Hungate
Clearing (sec. 7, T.40N., R.41E., and is probably the same limestone that
outcrops near the Ranchview mine in sec. 2, T.40N;, R.40E., where it is
about 60 metres thick. Near Hungate Clearing it appears to be much thicker
probably as a result of duplication by folding. ’It is a banded light and
" dark gray limestone, whose individual bands range from less than 1
millimetre to more than'lO mm. Except where recrystallized, it is a very
fine-grained, and moderately pure. No fossils have been found. A few
much smaller exposures of limestone probably indi;ate other more discon-

tinuous limestone horizons.
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Unit Cp3 occurs only in the northwest corner of the map area (see
fig. 2). It is separated from units sz and Cp3 by Quaternmary unconso-
_ lidated deposits. No fossils have been found in it; hence including it
in the Pend d'Oreille sequence and assigning it even a questionable upper
Paleozoic age is mainly a mattér of convenience. It is included here
because it resembles none of the rock; older than the Pend d'Oreille
sequence. The unit is composed of fine-grained gritty slates and argiLlites.
Bedding, although faint, is well developed and apparent through slight
variations in grain size from bed to bed. The rock\Aiffers from all
others in the Deep Creek area by the presence of flakes of detrital mica
and grains of quartz that stand out from a much finer-grained matrtx;

The minimum thickness is greater than 300 metres.
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Rossland Group

Rocks of the Rossland Group outcrop in two sﬁall areés north of the
Waneta fault along the International Boundary. Outcrops of these rocks
are too small and too incompletely representdative of the group to merit -
more than a very brief deséription. Rossland rocks, however, cover large
areas immédiately north in British Columbia, where they have been studied
by H. W. Little—(l962) and other Canadian workers. The Rossland Groué,
as most recently defined by Frebold and Little (1962)3 consists of a lower
sedimentary unit, the Elise Formation, a middle, predominantly volcanic
unit, and the Hall Formation, which together form the lower Rossland Group.
The upper Rossland Group includgs both volcanic and sedimentary rocks. -
Ammonite faunas, ranging in age from lower Sinemurian to early middle
Bajocian bracket the age of the Elise and Hall Formations; the upper Rossland
has not yeélyielded fossils. The Rossland Group and the underlying Archibald
Formation is a eugeosynclinaltvolcanic suite representing in the Salmo-
Rossland area two strong volcanic pulses characterized by anéesitic and
basaltic flows and pyroclastic rocks and an intervening non-eruptive period
- when marine clastic sediments were deposited. Many of the sedimentary

rocks are tuffaceous.
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In the Deep Creek area lavas predominate over pyroclastic rocks.
The lavas are dark green,‘massive to porphyritic rocks tﬁat have the typical
chlorite-actinolite alteration that characterizes greenstones of the green-
schist facies., In thin section it was not possible to determine whether
the rocks were originally basaltic or andesitic because of the alteration
of the plagioclase. Some flows have abundant plagioclase phenoérysts,
others have abundant monoclinic pyroxene. Commonly the flows are in part
flow breccias, which are difficult to distinguish fgom the much rarer
pyroclastic rocks.

Northport block

Only the extreme northeastern end of the Northport block extends into
the Deep Creek map area. The isolated exposures near the mouth of Deep
Creek that are shown on figure 2 as Gypsy quartzite, Metaline Formation,
and Ledbetter Slate are stratigraphically and structurally uninterpfetable
without knowledge of the geology to the southwest, which is described in
the regional section of this report. The Northport block‘is a northeast-
trending anticline that has been badly broken and distorted by stresses
applied across the axis of the structure. This anticline and the rocks
within it are described in a latter section. Although no fossils have
been found block, comparison of lithologic sequences élaces these rocks
in the Paleozoic. They are most closely resemble focks of the Red Top-

Grass Mountain block.
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Rocks south of the Spirit pluton

The rocks within the part of the Deep Creek area south of the Spirit
pluton lack stratigfaphic and‘structural unity. Three blocks appear
incompletely represented; two are segments of blocks that lie north of
the Spirit pluton and the other is the northern extremity of a block that
extends far to the south into adjacent quadrangles.

The rocks south of the Spirit pluton are metamorphosed to the amphi-
bolite facies accordingly fossils are not to be expected. Because the
metamorphism was accomplished without strong deformation, bedding is well
preserved and in places, actually enhanced by the metamorphism. Bedding
is paralleled by the mimetic foliation of the pelitic rocks.

The rocks south of the Spirit pluton are described under four headings:
(1) Precambrian and Cambrian(?) rocks of the Ione Hill and Huckleberry

2/

Mountain areas,= (2) Cambrian and Ordivician rocks of the Magma mine area,

(3) Cambrian rocks on the north slope of Mount Rogers, and (4) Cambrian

rocks of the Sierra Zinc mine area. These four areas are separated by
faults. - The rocksg/ of the Sierra Zinc mine area are related to rocks of
the Lime Creek Mountain block; those of Mount Rogers and the Magma mine

‘areas are related to rocks of the Hooknose-Baldy blocks.

'-g/On Map I-412 (Yates, 1964) these rocks are shown as Precambrian in

age, an assignment the writer no longer considers valid.
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Precambrian and Cambrian rocks of the Ione Hill and Huckleberry Mountain
areas.--The rocks of Huckleberry Moﬁntain and Tone Hill areas have been
arranged in the explanation of figure 2 in two sequences: (1) the Byers
Creek sequence, which is in the Huckleberry Moﬁntain area and (2) the
Ione Hill sequence. The Ione Hill sequence questionally regarded as, the
younger. - The two sequences are separated by a fault which cuts out an
unknown thickness of seétion. Both sequences have similar pelitic schist
lithologies, with a little quartzite and limestone. The Byers Creek se-
quence, however, is distinguished by a unit of hornblende-plagioclase
schist, undoubtedly of volcanic origin. ' This unit is considered equiva-
lent to the Leola Volcanics of the Metaline quadrangle (P#rk and Cannon,
1943, p. 9-11) and the equivalent Huckleberry Greenstone of the Chewelah
quadrangle (Bennett, 1941, p. 8).

In the Metaline quadrangle the Leola Volcanics are overlain by the
Monk Formation, basically a phyllite unit, and rest unconformably in the
southern part of the quadrangle on the Priést River Group, a "complex
sequence of metamorphic rocks that incluées phyllites and schists, lime-
stones, dolomites, quartzites, and volcanics." In the Chewelah 'quadrangle
(Miller and Clark, 1975) the Huckleberry Greenstone is unconformably over-
lain by either the Addy Quartzite (equivalent to Gypsy Quartzite) or by

an intermediate unit that is considered a thin version of tﬁe Monk Formation.
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To extend any of these names into the area south of the Spirit pluton,
with the exééption of Leola Volcanips, is, pe;haps, premature until the
area south of the Deep Creek area is mappgd in detail. Although the
correlation of thé hornblende schist unit ;ith the Leola Volcanics is
valid, the formalization of this correlation automatically enﬁanéeé the
credibility of correlations of rocks overlying and underlying the horn-
blende schists with those in neighboring areas. The schists overlying
the hornbiende schist would be, on the basis of stratigraphic position,
an abnormally thick‘Monk Formation; however, the work of Gerald W. Thorsen
(19 ) to the south of the Deep Creek area indicates that a fault separates
the volcanic unit from the overlying rocks. The nearest Leola Volcanics
are to the‘east in the southern part of the Metaline quadrangle where
they are likewise separated by a fault (Harvey fault, a west dipping
reverse fault) from the overlying rocks. The overlying formation in this
case is the Maitlen Phyllite, which in many respects resembles the Bye;s
Creek and Ione Hill sequences, the rocks overlying the volcanic unit in
'the Deep Creek area. It is possible that fhe fault mapped by Thorsen is
an offset extension of the Harvey fault and that the overlying rocks are
the Maitlen Phyllite.. This correlation with the Maitlen Phyllite is sup-—
ported by the tentative conclusion.reached during reconnaissance mapping
in the Aladdin quadrangle where the rocks overlying the volcanics project
into similar rocks that are demonstrably Maitlen Phyllite. A éorollary
of this conclusion is that the rocks underlying the volcanic unit may be-

long to the Priest River Group of the Metaline quddrangle (Park and Cannon,

1943, p. 6).
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The Byers Creek sequence is predominantly shale metamorphosed to the
hornblende hornfels facies by heat from the Spirit pluton and Kaﬁiksu
Batholith (see Index map, Fig. 2). The sequence is subdivided into three
units: (1) a lower sedimentary unit composed of quartz mica schist in-
terlayered with dolomitic limestone and a quartzite, probably equivaient
to the Priest Rive? Group, (2) an intermediate volcanic gnit of hormblende-
plagioclase schist, and (3) an upper and much thicker sedimentary unit of
quartz mica-andalusite schist containing thin interla&ers of quartzite
and limestone probably equivalent to the Maitlen Phyllite. The sequence
is at least.3,350 metres thick. |

The Kaniksu batholith engulfed all but several hundred feet of the
lower unit of the Byers Créek sequence. On Huckleberry Moﬁntain, it
consists, from the top to the intruded base, of a thin biotite schist
about 30 metres thick, a white to light gray, bedded quartzite about 75
metres thick and about 150 metres of mica schist interlayered with lime-
stone. The schists are similar to those in the upper part of the Byers
Creek sequence described below; the limestones are white to light gray,
fine- to medium-grained, medium bedded and dolomitic, as evidenced by

abundant diopside; the quartzite is medium- to coarse grained, white to

light gray, and contains a few percent of muscovite.
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The middle unit, the hornblende-plagioclase schist is a dark green
fine- to medium~grained rock commonly laminated with thin white layers
or spotted with circular white areas a few millimetres in diameter. The
rock is predominantly green hornblende, substantial plagioclase (An40),
and lesser amounts of quartz and rare biotite. It is locally veined by
epidote and clinozoisite. A strong to weak foliation is emphasized by
the tendency of the. plagioclase to concentrate in layers. Nests of plagio-
clase are what give the rock its spotted appearance.

The rock is thoroughly recrystallized, having no trace of an original
igneous texture, although its composition clearly indicates an igneous,
probably basaltic, origin. 1Its foliation and plagioclase-rich lamellae
lie parallel to the bedding planes of adjacent sedimentary rocks, therefore
the recrystallization is mimetic. The compositional layering could be
" either controlled by the primary bedding structure of a tuffaceous rock
and pseudomimetic, or the product of metamorphic differentiation controlled
by cleavage that developed parallel to the bedding planes of the rocks
that enclose the volcanic unit. The in;erpretation that the compositional
layering represents bedding is supported by the difficulties inherent in
applying the process of metamo;phic differentiation in the field of thermal
metamorphism, and is more positively supported by the occurrence of well

preserved bedding in the limestones and quartzites of the same sequence.
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Above the volcanic unit is about 3,000 metres of schist with thin
layers of quartzite and limestone in the upper part. The bulk of the
unit is a biotite schist that contains variable amounts of andalusite.
Some layers have an estimat;d 30 percent or more of andalusite--particularly
in the lower part of the section--others have less than 10 percent. The
schist is brown to gray with both massive and thin bedded varieties.

The more massive varieties are less échigtose and have more abundant
porphyroblasts of andalusite, which swarm with fine inclusions, largely
quartz and biotite. The matrix for ﬁhe porphyr&blasts is a fine-grained
mixture of quarté and brown biotite. Locally along the contact with the
pluton the rock is gneissic; microcline, sillimanite, and cordierite are
prominent.

The upper part of the sequence is both more limy and more siliceous.
Discrete zones of thin layered limestones and quartzites a few feet thick
are interlayered with the schist. Neither limestones nor quartzites are
as pure as fhose of thg Cambrian Gypsy quartzite.

Only one limestone unit is thick enough (30 m) to show on the geologic
map (pl. 1); it is easily seen at an elevation of 4,900 feet on the road
to the Huckleberry Mountain lookout. This is a very thin-layered, almost
microlayered rock, white to pale green in color. It is largely calcite,
but contains as much as 20 percent quartz ana some varieties contain

hornblende, zoisite, and garnet, as well as biotite.
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Rocks of the Ione Hili sequence are véry similar to those of the ‘Byers
Creek sequence; they have the same predominance of andalusite—bidtite schist,
contain similar thin layers of limestone and a unit of gray\quartzite. It
was ﬁot however, possible to match any quartzite or limestone unit with
any in the Byers Creek sequence.

Cambrian and Ordovician rocks of the Magma mine area

Between the f;ne Hill rocks and the Spirit pluton is a narrow belt of
unfossiliferous limestone, dolomite, phyllite and Slack slate that resemble
the Maitlen, Ledbetter, and Metaline Formations to the north of the Spirit
pluton. ?he rocks are believed to belong ﬁo the assemblage of the Hooknose-
Baldy block, but the evidence for this is largely inferential. Breccias
similar to the intraformatiénal breccias of the middle dolomite unit of
the Metaline Formation on Gladstone Mountain occur sporadically in the
dolomite in this area and are the strongest support for the correlation.
Representatives of the lower limestone and the middle members of the Metaline
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