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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."



Contents

Page

Foreword xii
Abstract xiii
Stratigraphy and structure of the Deep Creek area 1
Introduction 1
Field work and acknowledgements 5
General relations 8
Stratigraphy 11
Introductory stateﬁent ' 11
Hooknose-Baldy block-—- 16

Gypsy Quartzite 17

Maitlen Phyllite 21

Metaline Formation 26

Age 35
Ledbetter: -41

Lime Creek Mountain block: 43

Rocks below the thrust fault Gypsy Quartzite 43

Maitlen Phyllite 44

Rocks above the thrust fault Maitlen Phyllite 45

Metaline Formation -=46

The Ledbetter Slate 48

Devonian argillite unit- 50

Red Top-Grass Mountain block: 53

Red Top Mountain assemblage 53

Gypsy Quartzite 55



Page

Stratigraphy--continued

Maitlen Phyllite and Metaline Formation 57
Argillite Red Top 61
The Glass Mountain sequence 62
Pend d'Oreille block 69
Rossland Group 76
Northport block 77
Rocks south of the Spirit pluton 78

Precambrian and Cambrian rocks of the Iome Hill and

" Huckleberry Mountain area 79
Cambrian and Ordovician rocks of the Magma mine area----—--—- 84
Cambrian rocks of the north slope of Mount Rogers 85
Gypsy Quartzite 86
Maitlen Phyllite 87
Metaline Formation--- 87
Cambrian rocks of the Sierra Zinc mine area 88
Structure 91
Introduction 91
Hooknose-Baldy block 98
Lime Creek Mountain block . 103
Red Top-Grass Mountain block- 108
Pend d'Oreille block 116
Area south of the Spirit pluton ' 118
Faults that bound the blocks 121
Leadpoint fault 121
Black Canyon fault 126
Columbia fault 132

44



Page

Regional Setting 135
The rocks 135
Introduction 135

Precambrian rocks of the Belt-Purcell anticlinorium and the

Kootenay arc 144
Priest River Group 144
Belt-Purcell depositional environment 151
Windermere rocks : 156
The Shedroof Conglomerate : 158
Leola Volcanics: 165
Monk Formation: 170
Problems on the correlation of conglomerates 176
Cambrian rocks 181
Quartzite 181
Stratigraphic relations 4 182
Subdivisions 186
General lithology and regional variation 190
Age 197
Cambrian phyllites Maitlen and Laib Formations 200
Stratigraphic relatioms ; 200
Subdivisions 201
General lithology and regional variation 202
Reeves Limestone Member -202
Phyllite Member (Upper Laib) 205
Age 207

iii



y Page
Regional setting-—continued

The rocks——continued

Correlation 208
Carbonate rocks ‘ 208
Stratigraphic relations 210
General lithology, subdivision, and regional variation~———————- 213
Age 223
Black shale facies of the Paleozoic 224
Ledbetter Slate and argillite A 225
Argillite B 232
Rocks of the Pacific Borderland 237
Rocks transitional to the eugeosynclinal facies 238
Flagstaff Mountain sequence 241
Rocks of the eugeosynclinal facies 245
Mount Roberts Formation 245
Unit X 249
Rossland Group 250
Post-Rossland limestones—— 253
Sophie Mountain Formation 253
Volcanic and sedimentary rocks of the Cenozoic -260
Williamé Lake area 262
Belshazzar Mountain area 269
Grouse Mountain area 270
Age 271

iv



Page

Regional setting--continued

Regional structure - 273
Homocline belt 275

The Fold Belt 283
Valley block 283
Hooknose=-Baldy block: 289
Thrust belt ' 305
Columbia anticline in British Columbia 308
Columbia anticline in Washington 311
Brodie-Sullivan Kink fold ’ 316
Jurassic volcanic belt 318
Sequence of events and interpretation of regional geology 320
Events and problems of the Precambrian 323
Belt-Purcell 323
Windermere time 331
Precambrian structure 343
Events and problems of the Cambrian 344
Diachrony and the sand facies 345
Carbonate facies \ 352
Black shale facies 355

Black shale facies of the Ordovician, Silurian, and Devonian--356

The Mississippian and the froblem of a mid~Paleozoic orogeny-—==--- 358

Conglomerates and their significance 360
Mid-Paleozoic orogeny 367
Late Paleozoic 375




Page

Sequence of events and interpretation of regional geology--continued

The Mesozoic, the Orogenic Era 381

Time and intensity of folding 383

The Kootenay arc as a foldbeit 388

Kink folds and the basement structure 393

Plate boundaries 396

Uplift and erosion, the end of an era 399
Sophie Mountain conglomerate 399
Plutonism and the subduction model 401

The Cenozoic and extension tectonics 415
References cited 423

vi



Illustrations

[Figures 2, 3, 5A, 9, 14, 14B, 19A, 25, 37A and 39 are separate]

Page
Figure l.--Index map showing location of the Deep Creek area-—-——————-—- 2
2.--Geologic map of the Deep Creek area 7

3.--Diagram of stratigraphic sections of Cambrian rocks in
northeastern Washington and adjacent British Columbia----18
4.--Chart showing equivalence of stratigraphic map symbols——---29

5.--Photographs of rocks in intraformational breccia unit,

Metaline Formation 32
5A.~--Map of the structural geology of the Deep Creek area-——-——=- 96

6.--Sketch map showing location of the axis of the Hooknose

anticline-- 99

7.--Sketch showing structural relations at southeast end of

Lime Creek Mountain block 105
7A.--Geclogic map and section of the Deep Creek mine area-—-——- 106a

8.--Geologic cross section of Lime Creek Mountain block south

of Black Canyon 109

9.-~Geologic map and cross sections of the Red Top Mountain-

Cedar Lake area 113

10.—~(There is no figure 10)

11.-~Diagrammatic sketch maps indicating hypothetical movement

pattern of the Leadpoint fault 124

. 12,--8ketch showing trace of Black Canyon and Russian Creek

faults 127

12A.--Sketch showing interpreted relations between Lime Creek

Mountain and Red Top-Grass Mountain blocks 131

vii



Figure 13.--Photomicrograph of cataclastic black argillite—=—=———=—ww- 133
14.--Geologic map of part of northeastern Washington and adjacent
British Columbia ' 136
14A.~—~Index map showing sources from which the geologic map
(Fig. 14) was compiled.

14B.~-Index to structural features shown on geologic map

(Fig. 14).
15.--Index map showing location of Kootenay arc, Belt-Purcell

Anticlinorium, and Pacific Borderland 138
15A.--Correlative stratigraphic names commonly referred to in this

report-- 143
16.~~Map showing outcrop limits of the Belt Supergroup and

Purcell Series 152
16A.—-Geologic map of Windermere conglomerates and volcanic

rocks near the International boundary 177
17.~—~Map showing distribution of Windermere conglomerates—-—---— 179
18.~-Sketch showing relations between Windermere and other

rocks—- 184
19.—-Paleogeologic map of Precambrian rocks 185

19A.--Chart showing age and location of graptolite collectioms
from Stevens and Pend Oreille Counties, Washington—-—-- 216
20.--Map showing distribution of Sophie Mountain Formation----254

20A.-~Chemical analyses of the San Poil volcanics and related

formations in northeastern Washington and triangular

diagram showing chemical relations 268

21.--Index map showing structural subdivisions of the regional

geologic map 274
22.,--Sketches showing development of the Pass Creek fault

zone 279

23.--Photomicrograph and photograph of deformed Shedroof

CoONglomerat e ——— e e e e e e e 282
24 ,——Map showing structural setting of the Russian Creek
fault 292

viii



Page

Figure 25.--Geologic cross sections showing development of structure in

the Kootenay arc 304
26.~~Alternate interpretation of the prefold thrust fault-——=-—---306
27 .~-Diagram showing trace of axis of the Columbia anticline=—~——- 313

28.--Map showing pattern of fold trends in Kootenay arc and

Pacific Border province 317

29.~-Chart showing condensed geologic history of northeastern

Washington and adjacent Idaho and British Columbig~—=—====-321
30.--Relation of depth to metamorphism 326
31.--Isopach maps of Belt-Purcell rocks 330

32.--Sketch showing relations between Precambrian and basal

Cambrian units 333

33.-~Distribution pattern of the Windermere volcanic and intru-

sive rocks V 335
34.--Distribution map of Belt Supergroup and equivalent rocks———--—- 338

35.~=~Alkali-silica diagram comparing Windermere basalts with

oceanic basalts 340
36.~-Cross section showing eastward thinning of the Cambrian

rocks 347

36A.--Isopach map of Cambrian sands shale facies 351

37.——~1dealized diagrammatic sketches of several hypothetical

origins of the arc folds 391

37A.--Tectonic map of the Kootenay arc and environs -

38.-~Sketch illustrating why the plate junction in a subduction

zone is unlikely to be exposed 398

ix



Page

Figure 39.--Geologic cross-sections speculating, in the context of plate

tectonics, on the Mesozoic history 408
40.--Sketch illustrating suggested change in heat potential of a

subducting cell 412

41.--Graphic representation of loss of water resulting from sub-~

duction of serpentine-bearing crust 414

42.-Idealized sketch showing relation between horizontal and

vertical displacement on a listric fault 419
43.-~Sketch illustrating the concept of listric faults and tilted

blocks 420




Tables
Page

Table 1.--Chemical analyses, in percent, from the south slope of Red

Top Mountain 58

2.-~-Analyses, in percent, of volcanic flows of late Precambrian age

in the Chewelah quadrangle, Washington 168

3.--Analyses, in percent, of greenschist in Northport quadrangle,

Washington 244

4.--Age of Tertiary volcanic rocks (in text)————-— 271

5.--Contrasts in lithology of the lower Paleozoic rocks in

adjacent tectonic blocks 297

xi



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.

<y



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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>