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Meny urenium showings plus cne future and two operating mines occur
in northeastern Washington. The regional geology is generally considered
to consist of Mesozoic (Shuswap) gneiss domes and Mesozoic to Tertiary
plutons that are cut by Tertiary grabens that were basins of deposition
for local formations. T {1980b) have suggested that the sillimanite-grade
rocks are not gneiss domes but pre-Beltian(?) cores of Tertiary anticlines
ahd that regionally extensive Teftiary rocks are preseved in fault-bounded
syllelines adjacent to the anticlings = metamorphic core complexes.

Accordingly, stratigraphic or sandstone-type uranium deposits probably
are localized by regionally extensive facles changes, not by facies changes
in local basins. The recognition of regional unconformities and facies
changes is, therefore; critical to exploration: Deposits ef probable super-
gene origin, such as the Midnite deposit, may be related to a specific
Tertiary regional unconformity {which could be post-Focene) or to multiple
regional unconfomrities. Unfortunately the regional facies of the Tertiary
strata, the location of Tertisry unconformities, and their ages with respect
to ages of known uranjum deposits are still only poorly known.

Most pegmag%c depdsits in the metamorphic rocks are toe small or low

- grade 4o be commercial Rossing-type deposits. However, the uranium from
such pegmatites may have been reconcentrated in Tertiary strata, below
Tertiary unconformities, or in the ecataclagtic zones peripherdl to the core
complexes, Structurally controlled deéposits in the ¢dataclastic zones may
have formed in a manner similar to thé unconformity-vein deposits of
Saskatchewan or in Zones &f hydrothérmal alteration. Thus, the margins

of the core complexes deserve to be Intensively prospected.
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Figure 1. Preliminary geologic map of the Kettle dome, Ferry County, Washington.
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TABLE 1, ERITERTA FOR DISTIHGUISHIHG BETWEE® THTERVALS DOMIGATER 8¢ BIOTITIC SCHISY AND GHEISS IN THE KETTLE OCME

Thitkness
Hap-unit' Apgroximate fipparent geographic Bisyincyive 1ithalagies of ‘marble and ﬁmuunt.of
thickness restrictign and mineralogies quarL=1te pegris tite
[m} {m]
8% 200 t6 GO0 Mortheasl quarter of Fing-grained.biotitie schists calce Ho marble Hane
Togd Mountain ‘and stiigete sthist, minar ampriboiite.
narth palf of Twin no sillimanite -36
Lawey quadranigte
M6 B0 Southwest thind of Fine-grained biotitic gnpivs, calc- 15 Hone?
Layrier guadrangle silicate gneiss
EU 0 tol10o north half of Togo Medfut-grained biotitic, sillimanite- €60 Listle
Mountain guadrandgle beartng sthist and gneias: phlegopitic
marple, quartz1te
By, 100 to.15¢ Sherman Peak and Medium-grained biotitic, sillimanite- “15 Comnagn
<huth third of uear1nu schist and grgiss, phlegeditic
Togo Mountadn marble, quartzite
quadrangle
B Ba0{ 7} Mpunt Legna: 1o Hcdium-gralnad biotitic, gillimanite- 4 Very
‘Sherman Pass’ bearing «schist and @neiss, phiogopitic Carminn

marble, uuarlzlte

*These mip wnits arel shown in Figure 2.

Granitic, Porphyritic, Pegmatmc Gneiss. The lowest widespread unit is' g granitic, porphyritic,
pegmatitic gneiss (GPPG in Fig, 2, hereafter “pegmiatitic gneiss™) that commonly has no compositional
layering., The megacrystsare potassium feldspar. The pegmatitic portions are dikelets<CI m thick and
irregular clots about a metre in diameter that grade outward into nonpegmatitic gneiss, Some of the
irrégular clots are-remnanis of dikelets that were disrupted along foliation planes or dismembered by
folding. Thé foligtion is sufficiently weak that some previous investigators included the pegmatitic
gneiss in adjacent ntrusions. This.g_ncis_s is one thhc thickest (>850 ) and most extensive ofal] of the
Tenas Mary Creek units, extending from the crest of the range on'the west'to the valley botlams-on (he
east. Small cutcrops of biotitic gneiss-and marble along the North Fork of Déadman Creek suggest
that the lower contact of the pegmatite gneiss may be-ekposed. This interpretation is shown.in the cross
section of Figure,2.

The stratiform map pattern of the thin unit of biotitic schist, gneiss, and rather pure marble in the
quartzite-dominatéd sequence above the pegmatite.gneiss led Parkerand Calkins (1964) 1o suggest that
the pegmatite gnéiss.itsell is a metasedimentary unit. However, Pearson (1967) was impressed by the
lack 6f compositionallayering and suggested thar it is an orthogneiss and thal the unit 5i-bibtitié schist
and gneiss and marble was nonconformably deposited upon it.

An-alternative in;,grpreQaﬁon is that the protolith of the peégmatite gneiss 6riginally was a prekine-
matic or synkinematic plutonintruded into the pelitic rocks. Indeed, near the mouth of the South Fark
‘of Boulder Creek large outcrops of quartzite.and of biatitic schist accur within the pegmatitic gneiss.
Furthermore, well-foliated, I- to 2-m-thick concordant bodies of ﬂrthogneiss are ubiquitous in the
overlying métdsedimentary racks; these orthogneisses are campositionaﬂy similar to the pegmatitic
gneiss but lack thé a0 gen of feldspar and the pegmatitic bodies. Similar concordant bodiés accur in the
Grand Forks arca (Preto, 1970} and'in the Curlew area, where they are'as. much as 12 m thick (Parker
-and Calkins, 1964). In addition, the biotitic’schist and grieiss that overlie the pepmatitic grieiss are so
similar to the biotitic schist and goeiss below'the pegmatitic gneiss (Tablce 1) thai they may be thesame
unit. Inthe Grand Forks area (Table 2), theapparent absence &f pegmatitic gnieiss plus the presence of
2, ﬁ[)'ﬂ m of biotitic and associated metasedimentary rocks underlying the quartzite also support the
'mterprctauon that the protalith of the pegmatitic gneiss was intrusive into the pelitic rocks.

Preto (1970) correlated Daly's Cascade gneiss (1912) with the pegmatitic gneiss of the Curlew area.
However, the Cascade gneiss in the Grand Forks area consists of several bodies only a few sguare
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"CORRELATTON ARD TRICKRESS OF THE TEWASMARY GREEK SEQUENCE AND PALEOZQIC UNITS IN RORTHERN WASHINGTON AND.ADJACENT BRITISH COLUMBIA

‘Buckhorn Hountain, d\strrca

Kettle Dome Curfew quadrangle gorie Mountain.quadrangle GFafd Facks, British Golumbia Republic .and Apneas ‘B&Td ¥nab guadrangle.
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Kilometres inarea. Thebody about 7km gasi of Grand Forks, the oniy'one ] have examined, lacks the
feldspar megacrysis.and pegmatitic patches representative of pegmatitic gneiss. Perhaps the Cascade
gneiss and the smaller concordant bodies of gneiss:above the pegmatitic gneiss in the Kettle dome were
safellitie stécks, sills, and 'dikes of the pluton from which the pegmatitic gneissformed.

Quartzité-dominated Sequence. Overlyingihe pepratitic gneiss are heterogenedus unifs {sillimanit-
ic biotitic schistsand gnéiss with minor quartziieand marble) above and bélow >>650.m of feldspathic
quartzite (Table 1). The lower heterogenecus unit is so thin that it was not always encounteréd during
reconnaissance mapping; thus,itis not shown as a continuous unit in Figure 2, 1tis present in the Tenas
Mary Creekand Grand Ferksareas (Table 2),and more.detalled mapping (Pearson, 1977) shows that
it isTontinuous in the southern-part of the Togo Mountain quadrangle,

Rusty- 16 whité-weathering quartzite 2650 m thick overlies the lower heterogeneous unit. The
quartzite Has 5% to 109 white-weathéring feldspar 1 to' 5 mm in diameter. The feldspar is more
commonly erthoclasethan plagioclase {Parkerand Calkins, 1964; Preto, 1970). The'quartzite'general-
ly is nonmicaceous, but does contain intercalated biotitic schists and gnéisses 20 m thick.'On the
southern side of Profanity Peak, coarse white marble 30 te 60 m thick occurs within the-quartzite. The
heterogeneous unit abeve jj.hc quartzile appears to be restricted to the northern part of the Togo
Mountain quad‘rangle; and the Grand Forksiarea,

Eastérn Granitic Gneiss. A‘b_o;-e"the'quartzitc-dominated sequence’op the eastern limb of the dome
are >>800 m of coarse-grained, very well [oliated, unlayered to indistinétly layered, ;granodioritic
orthagneiss. The gneiss genérally is not pegmatitic butdoes have Some plagioclase mégacrysts as much
as | cm long. The basal part of this gneiss commonly is more leucocratic and has inelusions -6l
feldspathic.quartzite similarto those in the urid'éflying roeks, Amphibolites and thin quartzites along
U.S. Route 395 in-the Laurier guadrangle are of uncertain origin; they may have been either xenoliths
or intercalated sediments. In the Curlew guadrangle (Parker and Calkins, 1564) and in the Boyds
quadrangle onthe eastezn limb.of the Kettle dome, the upper part of the-gneiss t;omains.slralifdrm
amphibalites. The regionally discordant contacts of this gneiss shown in Figure 2 may indicate the
intrusive origin of its protolith.

This unit-has caused considerable confusion. Pardee (1918) and Campbell {1938, 1946) included i
within the Colville batholith. Still moreconfusingis the similarity of this unit to'ihe pegmatitic gneiss,:
especially in the few places where the Jatter i$ not particularly pegmatitic or the-eastern gnéiss has t¢m
plagioclase megacrysts. In these places the 2>650-m quartzite above or below a gneissic unit s
diagnostic. Judging from the description of Parker and Calkins {1964) and Pearson {1967), the
pegmatitic gneiss'contains more potassium feldspar and less hornblende than Lhe eastern gneiss.
Bowman (1950), Campbell and Thorsen (1966), Lyons (‘196?), and Pearson (IQ??) lumped the two
gneisses as a single unit. Bowman (1950) correlated the'eastern orthogneissat Laurier on the Canadian
border with thé Cascade gneiss. Hovwever, the Cascade gneiss 7 km east of Grand Forks is neither as
hornblénde-rich ror as well [oliated as the éastérn gnéiss:

The remarkable arzal exténts 6f the ‘eastern granitic greiss and thé pégmatitic gneiss deserve
camment. Both gnéisfes éceur throughout the Ketile dome (Fig. 2). Both alsd are presént as far
northwest as the bend in the Keitle River in the Curlew quadrangle (Parker and Calkins, 1964), and
both probably occur in the Grand Forks area of British Columbia mapped by Preto (1970). Thus the-
pegmatitic gneiss has a minimum distance of outcrop of 50 km and the castern gneiss 2 minimum of 70
km. Because both gneisses are Qv:rlain‘ or intruded by other units, their total length could be greater.
How much of their present form-was caused by atienuation of the original plutons during metamor-
phism is fot known,

Amphibolite. On the eastern limb of the domnie, a 200:m thick, black amphibolité-ovérlies the edsiern
granitic gneiss; similar stratiform amphibolites occur within the gneiss. On the basis of elemental
ratios, Preto(1970) concluded that similar amphibolites of the Grand Forks area originally were mafic.
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intrusions, but Donnelly (1878) noted that meiasomatism may make these results inconclusive, The
presence of blue-green hornbleride accompanicd by oligoclase or andésine suggests thal the amphibo-
lite-is not of siflimanite grade {Donnelly, 1978).

Fine-Grained Biotitic Rocks. Fine- -grained,. biotilic, gran‘iticyg‘neiss‘with mtercaldtéd cale-silicale
units,guarizite; and amphibolite overlie.the eastérn granitic gaeiss in the Lauricrquadrangle; thesc are
libéléd QMG:in hgure 2. Compositionally similar rocks {labeled BS) in the northwestern and
southeastern margms ‘of the domie are schistose 10 almost phy]}mc insicad of gnclssxc {Table. 1).
Correlation of QMG with BS canndt be demonstrated because the two belts of outcrop cannot be
traced ‘into: each other. Bétause néither unit crops gut nedr Boyds, their position relative tg the
208-m-thick amphibglite is nol known.

Thé schistose rocks aré.similar to the finé-graingd bistiticschist and biotitic quartzite with intercai-
ated fine-grained amphibolite and calc-silicale schist mapped by Staatz ('I9){34}, Muessig (1967), and
MeMillen (1979} in the Okanogan dome (Table 2). The fine-grained schist does not séem 1o be
sillimanite-bearing (Parker and Calkins, 1964; Staatz, 1544, Muessig, 1967; Prete, 1970; McMillen,
1979), except adjacent to plutons in.the Okanogan dome,

Enslern Quarizite, A slabby shghm' rasty weathering, -fine-grained quartzne with mwaccous-
partings occurs algngilie southeastern margin of the Ketilexdome, Muscoviie and minor biotite on the
partingsarid the presénée.of isoclinal recumbent folds (outlined by the micaceous partings) suggest Lhal
metam’orphisméf the rocksin the Kettle dotneisyounger than this quartzite. Sillimanite has yet o be
faund 1h this quartzite, even fh the schistbse partings {Donnelly, If‘}’?i:;). Because the guartzite overlies
1h&:200-mamptiibolite, the eastern gneiss, and the fine-grained biotite schists (Fig: 2), the ba'sal contact
ol the quarlmc may be:a major unconformity.

'Because'this:quartzite occurs on both sides of the Columbia River near the bridge-at Kettle Falls, it
must be 200 m thick. Aléng U.S. Route 395in the unmapped area between Boydsand Qrient, where
calc-silicate: gneissés of unknown affinity appear to éverlic the quartzite, the quarizite:appears 10 be
about 300 m thick.

1 have suggesied (Cheney, 1977) that the eastern quarlzite might be equivalent to the'S8010 910 m of
thin platy quartzite wiih sericitic partings near the top-of the basal Cambrian Gypsy quartzitedescribed
by Park-and Cannon (1943) in northieasternmost Washington. However, the éastérn quartzite, which
seems to have a higher inétamdrphic grade than all knpwn examples 6f the Gypsy. could equally well
not be Gypsy.

Becauge the >650-m duanzite within the dome comains intercalaied unuts of biatitie gneiss and
marblc as much-as’60 m thick but the eastern quartzitedees nat, thest iwo quartzites probably are not
‘correlative. All kndwn cxdmp]esvg_f Be(tlan Revett QuartZite in'Stevens Countyare-gray and occus in
lower grade rocks, so thai this correlation may riot.be likely. Because Donnelly ( 1978) observed that.ithe
eastérn quartzite has the same recumbént and other folds as the underlying-amphibolite and the ather
rocks of Tenas Mary Creek descrived by Lydns (1967), the eastern quarizite is provisionally included
within the Tenas Mary Creeksséquence.

Paleozoic anid Younger Rocks

Black argillite, gray phyllite, dark limestone, dnd white marble.of late Paleozpic age, togerher with
greéndtone of reputed Triassic age, overlie the high-grade meta;nmpﬁic_rqcks of the dome. In the
ér.icn; disirim, Bowman {1950) called these the Churchill fbrmaiion; in the Colville Indian Reserva-
tion, Pardee (1918) used the name Covada group. Tablei'and Figure indicdte tht similar rocks-have
been described elsewheré. These formations may oy be strictly correlative; but all are inferred to-be:
Pesnsylvanian to Triassicin ag.e.‘Th_e next youngest unit is-the Jurassic Rossland erup,of volcanic
rocks. The Tertiary rocks are described laier.
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Although the fine-grained biotitic schist is compositionally similar to the late Paleozoic phyllitic
rocks, the two probably are not the same unit subjected 10 different grades of regional metamorphism.
Forexample, the late Paleozoic phyllitic rocks contain thick pods of quite pure limestone and marble,
whereas fine-grained biotitic schists have only thin calc-silicate schists. Furthermore, the eastern
quartzite occurs between the fine-grained schists and the phyllites on the southeastern limb of the
dome, and the fine-grained biotitic schist is locally absent along margins of the dome that are overlain
by phyllite. Parker and Calkins (1964) suggested that in the Curlew quadrangle an unconformity exists
between fine-grained biotitic schist and the overlying phyllites. Such an unconformity would explain
the relationships seen in the Kettle dome.

Age and Correlation of the Rocks of the
Tenas Mary Creek Sequence

Bowman (1950) applied the name Boulder Creek Formation to the metamorphic rocks in the small
part of the Kettle dome that he mapped. Hawever, the sequence is better exposed and described as
several mappable units in the area of the Tenas Mary Creek. Hence, the name Tenas Mary Creek
sequence proposed by Parker and Calkins (1964) is preferred. However, the basal heterogencous unit
of biotitic gneiss, marble, and quartzite does not crop out in the type area. Furthermore, Parker and
Calkins included phyllite in the top part of the Tenas Mary Creek sequence. Because the phyllite hasa
much lower metamorphic grade (greenschist) and may be unconformable on the rocks of the Tenas
Mary Creek, I believe it should be excluded. Until more extensive stratigraphic and petrographic
studies are available, the fine-grained biolitic schists, amphibolite, and the eastern quartzite are
provisionally included in the Tenas Mary Creek sequence.

The age and regional correlation of the rocks of Tenas Mary Creek are poorly known. Engels and
others (1976) listed K-Ar dates on individual minerals of 50 and 67 m.y. for amphibolites. R. L.
Armstrong (1977, personal commun.) has obtained preliminary whole-rock Rb-Sr dates of 600 10
1,200 m.y. B.P. on the pegmatitic gneiss and the eastern gneiss of the Kettle dome. He regards the dates
as typical of the Shuswap terrane.

Parker and Calkins (1964), Pearson (1967), Preto (1970), and Donnelly (1978) correlated the rocks
of Tenas Mary Creek with the Shuswap terrane of southern British Columbia. The mantling metased-
imentary rocks in the Shuswap have been regarded as probably mostly Precambrian and Paleozoic but
with some as young as Triassic-Jurassic (Wanless and Ressor, 1975; Okulitch and others, 1977). The
thick quartzites in the Shuswap terrane were regarded as possibly Lower Cambrian (Okulitch and
others, 1977); thus, by analogy, the >650-m quartzite in the Tenas Mary Creek or the eastern quartzite
in the Kettle dome might be Lower Cambrian. However, the Shuswap now appears to include
metasedimentary rocks as much as 3,000 m.y. old that were intruded by 1,960-m.y.-old granitic rocks
and then metamorphosed 935 m.y. ago (Duncan, 1978).

If the rocks of Tenas Mary Creck are Precambrian, they could be equivalent 1o Windermere, Beltian,
or pre-Beltian rocks. The Beltian rocks closest 10 the Kettle dome are in southeastern Stevens County
and have been described by Miller and Clark (1975). These and other known examples of Beltian rocks
in Washington and adjacent Idaho are of much lower metamorphic grade (the pelitic rocks are stiil
black argillites). Furthermore, the 950-m Beitian Revett Quartzite weathers gray and is not as
feldspathic as quartzite of the Tenas Mary Creek, and marbles of the Tenas Mary Creek rocks do not
resemble the carbonate rocks of the Belt. These same arguments could be applied to the Windermere-
Deer Trail rocks which, in addition, have thick greenstones that have no analogues, except possibly the
ampbhibolites, in the rocks of the Tenas Mary Creek.

Lithologically and structurally, the most probable correlatives of the Tenas Mary Creek sequence
are sillimanite-grade rocks in the Spokane area (Fig. 3). These rocks include the cataclastic Newman
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Lake orthogneiss with 5-cm potassium feldspar megacrysts (Mitler, 1974d; Weissenborn and Weis,
1976) and a feldspathic quartzite near Freeman (Weis, 1968) that appears to be at least as thick as the
quartizite of Tenas Mary Creek. Furthermore, Griggs (1973) showed that these rocks define a flat-
topped dome, herein called the Spokane dome. The northeasternmost rocks of this terrane in Idaho
also are domal and yield ages of about 1,500 m.y. (Clark, 1973). The Pb-c ages of 1,150 m.y. {or the
Hauser Gneiss (Weis, 1968) are, of course, suspect but are suggestive of a correlation with the Tenas
Mary Creek.

Most warkers (Griggs, 1973; Clark, 1973; Miller, 1974b; Miller and Clark, 1975; Weissenborn and
Weis, 1976) have suggested that the rocks of the Spokane dome are high-grade portions of the Belt
Supergroup. However, Armstrong(1975) suggested that paragneiss, quartzite, marble, schist, amphib-
olite, and orthogneiss in central ldaho and the Spokane dome are part of a pre-Beltian metamorphic
terrane. Because Griggs (1973) and Miller and Clark (1975) showed that on a regional scale the
Spokane dome is conformably surrounded on the southern and western sides by Beltian strata, the
abrupt change in metamorphic grade could be due 10 an unrecognized, gently domed sub-Beliian
unconformity or low-angle fault. I prefer this alternative and believe that the high-grade rocks of the
Spokane dome probably are pre-Beltian.

Initial strontium isotopic ratios of Mesozoic plutons in northern Washington also suggest that the
rocks of the Tenas Mary Creek may be Precambrian. Plutons as far west as long. 121° W have initial
ratios >>0.704, which implies that the magmas were contaminated by radiogenic strontium from a
Precambrian basement (Armstrong and others, 1977). Thus, the rocks of the Tenas Mary Creek could
be part of such a basement. [ so, the lithologic similarity ol the rocks of the Tenas Mary Creek to those
in the Spokane dome would support the suggestion of Armstrong and others (1977) that on the basis of
these initial strontium isotopic ratios, the Precambrian basement of pre-Mesozoic North America
extended westward into northern Washington.

In summary, meager stratigraphic and radiometric evidence, including a comparison with the
Shuswap rocks, favor but do not prove a Precambrian age for the rocks of the Tenas Mary Creck in the
Kettle dome. Regional structural interpretauons, in turn, favor a pre-Beltian age for the high-grade
metamorphic rocks in the Spokane dome and, by analogy, the rocks of the Tenas Mary Creek in the
Kettle dome. However, becausc the Spokane dome is cast of the Kootenay arc and Kettle dome is west
of it, such a correlation is, admittedly, unconventional.

Plutons

A number of Mesozoicand Tertiary granitic plutons intrude the Tenas Mary Creek, Paleozoic, and
Mesozoic rocks. The plutons vary from biotite dominated to hornblende dominated, from fine and
medium grained to coarse grained, and from foliated to unfoliated phases. At present it is not known
how many discrete plutons there are. All are shown as a single unit in Figure 2.

STRUCTURE OF KETTLE DOME
Kettle Dome

The antiformal nature of the rocks underlying the Kettle River Range was first recognized by
Campbell (1946). He noted that near and south of State Route 20 the foliation forms a dome 12 miles
wide" elongated to the northeast. He also realized that the cataclasis of the rocks is similar to that of the
QOkanogan dome,

The antiformal pattern of the Kettle dome is best shown by the map pattern of the >650-m quartzite
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(Fig. 2) and by the antiformal dips of this quartzite. Rocks of the Tenas Mary Creck sequence on the
eastern and southeastern limbs of the dome form prominent dip slopes near Orient, Kettle Falls, and
Lake Ellen. The best-preserved dip slope on rocks of the Tenas Mary Creek sequence defining the
western limb of the dome is Tenasket Mountain.

The dome is >65 km long north-south and 27 km wide. The structural relief is only about 3 km
(Fig. 2). The northern end of the dome is a northwest-trending antiform, defined by opposing dips in
the >650-m quartzite and biotitic rocks on Huckleberry Mountain and on Togo and Marble
Mountains.

The dips of bedding and of foliation within the Tenas Mary Creek units crudely define two ¢n
echelon north-trending, gently antiformal axes within the dome. Dips generally are <25°, and locally
foliation and bedding are nearly horizontal, forming flat-topped ridges in the center of the dome.
However, contacts are unusually steep to vertical along the northwesternmost margin of the dome and
near Profanity Peak along the north-trending fault on the western side of the dome.

The simple domal structure could be part of a larger, more complex structure. For example, detailed
mapping might show that the domal structure is the upper limb of a large recumbent fold similar to the
small folds commonly seen in outcrops. Furthermore, if the eastern quartzite could be shown to be
correlative with, or older than, the >650-m quartzite within the dome, the structure is more complex
than shown in Figure 2. When the reconnaissance nature of the mapping is considered, such possibili-
ties should not be ignored.

Structures within the Dome

Folds larger than those in outcrops but with map patterns smaller than several kilometres are
difficult to recognize in reconnaissance mapping. A gently eastward-plunging synform may exist in
the eastern gneiss and amphibolites south of Deadman Creek in the Boyds quadrangle. The amphibo-
lite north of the mouth of Sherman Creek in the Bangs Mountain quadrangle may mark a similar
synform. An cast-trending antiform brings the lowest units of Tenas Mary Creek to the surface along
the Kettle River in Canada (Preto, 1970), and this fold could account for the east-trending salient of the
eastern gneiss at the Canadian border near Laurier in Figure 2. Gentle northwest-trending folds in the
eastern quartzite along the eastern margin of the dome may be minor folds associated with formation
of the dome.

A north-trending fault in the western part of the Sherman Peak and Togo Mountain quadrangles
juxtaposes structurally higher rocks on the east against structurally lower rocks on the west, The 22-km
vertical separation on this fault shown on the cross section in Figure 2 could produce the 10 km of
apparent lefi-lateral separation shown on the map in Figure 2. The fault does not seem to offset the
hornblende quartz dioritic pluton in the valley of the North Fork of Sherman Creek.

A west-northwest—trending fault with the northeast side up occurs in Hoodoo Canyon, A similar
fault in the Sherman Peak and Bangs Mountain quadrangles may offset the north-trending fault
mentioned above. Such a northwest-trending fault would explain why marble and quartzite in the
biotitic unit north of Sherman Pass dip toward each other. It would also explain the apparent
juxtaposition of the eastern gneiss and pegmatitic gneiss along State Route 20 northeast of Sherman
Pass. The same fault would account for the northward termination of the upper Paleozoic phyllites
along the southeastern edge of the dome, as well as the straight courses of Sherman Creek and of
Donaldson Draw on Bangs Mountain. Smaller faults within Tenas Mary Creek rocks probably are
more numerous than reconnaissance mapping can resolve. Small northwest-trending faults do cut the
eastern quartzite and eastern gneiss in the Boyds quadrangle.

The maps of Parker and Calkins (1964) and Muessig (1967) indicate that neither of the large faulis
offset the faults that bound Tertiary rocks to the west of the dome. Thus, the large faults within the
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Kettle dome probably are pre-Tertiary. On the eastern side of the Kettle River in the Orient quadran-
gle, pyroxenites and other mafic rocks mark the contact between the rocks of the Tenas Mary Creek
and upper Paleozoic phyllites and Tertiary rocks (Bowman, 1950). Perhaps this is a postdome fault
(like the serpentinite-bearing Sherman fault west of the dome, shown in Fig. 3).

The contact betwecen the rocks of the Tenas Mary Creek sequence and the overlying low-grade rocks
along the eastern margin of the dome appears to be tectonic. Campbell (1938, 1946) described
cataclasis in the eastern gneiss on the southeastern limb of the dome. Locally, chloritic fractures and
brecciation are well developed along the northeastern margin of the dome (Bowman, 1950; Lyons,
1967, Donnelly, 1978), especially in the small plutons near Orient (Bowman, 1950). Cataclasis
(microshears and microbrecciation) in the metasedimentary rocks is parallel 1o but later than the
foliation that outlines the recumbent folds (Lyons, 1967; Donnelly. 1978). Furthcrmore, unmetamor-
phosed nonrecrystallized, but brecciated limestone (presumably of late Paleozoic age) overlies rocks of
Tenas Mary Creek in three places: just west of the confluence of the Kettle and Columbia Rivers, on the
Kettle River 3.3 km northwest of Barstow, and on U.S. Route 395 2 km northwest of Barstow. The
granitic gneisses of the Tenas Mary Creck below the limestone of the Kettle River locality are
extensively chloritized. It seems likely that detailed mapping would show that the limestone in the
Orient and Boyds quadrangles overlies a gently eastward-dipping tectonic zone.

REGIONAL GEOLOGY

Terranes Equivalent to the Kettle Dome

The cataclastic and domal nature of the gneisses between the Republicarea and the Okanogan River
have been described by Watersand Krauskopf (1941), Snook (1965), and Fox and others (1976, 1977).
Although this dome is structurally similar 1o the Kettle dome, it is predominantly composed of
Mesozoic(?) orthogneiss and granitic plutons.

The dioritic gneisses in the western part of the Okanogan dome were regarded as paragneisses by
Snook (1965). Fox and others (1976) proposed that Snook's name of Tonasket Gneiss be applied to all
such rocks (Fig. 3). My preliminary mapping suggests that virtually all of the Tonasket Gneiss in the
central part of the dome is derived from a pluton grading inward from diorite to quartz diorite 1o
porphyritic granodiorite.

The age of the Tonasket Gneiss is not too well known. On the southeastern margin of the dome,
upper Paleozoic hornfelsic phyllite occurs adjacent to an orthogneiss that is similar to the interior por-
phyritic granodioritic phase of the Tonasket Gneiss. Fox and others (1976) reporied U-Pb ages of 87
and 100m.y. and a Th-Pbage 0of 94 m.y. from a euhedral zircon from hornblende-rich Tonasket Gneiss.

The eastern part of the Okanogan dome is dominated by biotitic quartz monzonitic to granodioritic
plutons that intrude the Tonasket Gneiss and the late Paleozoic phyllitic rocks. Portions of these
plutons have been described by Waters and Krauskop{ (1941), Parker and Calkins (1964). Staatz
(1964), Muessig (1967), and Pearson (1967). In general, the plutons are texturally zoned, becoming
coarser grained and more porphyritic inward, weakly to moderately foliated, and locally cataclastic.
The western contacts of the westernmost plutons that | have mapped in the dome commonly dip €25°
eastward. Pardee (1918) named various crystalline rocks, including such plutons at the southern ends
of both the Kettle and Okanogan domes, the Colville batholith. The term “Colville batholith™ probably
should be reserved for these variably foliated, leucocratic quartz monzonitic to granodioritic Mesozoic
plutons as Staatz (1964) suggested.

Studies of the Okanogan dome have led to three theories of origin that might be applicable to the
other domes as well. Waters and Krauskop{ (1941) considered the cataclasis of the Tonasket Gneiss to
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be the protoclastic border, or carapace, of the Colville batholith. Snook (1965) demonstrated the
metamorphic nature of the Tonasket Gneiss and pointed out that cataclasis postdates the mylonitiza-
tion that cuts the foliation within the Tonasket Gneiss. He concluded that the increasingly cataclastic
nature of the gneiss adjacent to the border of the dome could be attributed 10 later folding of an
originally flat thrust in the gneiéscs, rather than to batholithic emplacement. The presumed paragneis-
sic origin of the Tonasket Gneiss and 66- to 46-m.y. ages determined by K-Ar and fission-track
measurments led Fox and others (1976, 1977) to suggest that the rocks were emplaced as an Upper
Cretaceous gneiss dome that cooled through the Eocene.

As noted above, rocks similar to those in the Kettle dome occur in the Spokane dome. At present,
cataclasis (Fig. 3) has been reported only in the coarse Newman Lake Orthogneiss and the Mesozoic
Loon Lake batholith (Weissenborn and Weis, 1976; Miller, 1974d). Mylonitic rocks are known at two
localities on the eastern edge of the dome between Coeur d’Alene and lat 48°N (Miller and Engels.
1975, p. 524).

Regional Extent of Tertiary Formations and Folding

An understanding of the regional geology (Fig. 3)is helpful in determining the originand the age of
the Kettle dome. The maps of Parker and Calkins (1964), Muessig (1967), and Staatz (1964)
demonstrate that a syncline occurs west of the Kettle dome. This fold was recognized by Wright (1949)
and named the “Sanpoil syncline™ by Muessig. In the center of the fold is the Eocene Klondike
Mountain Formation; successively outward (down the section) are the Eocene Sanpoil volcanic rocks,
the Eocene O'Brien Creek Formation, and the upper Paleozoic to Triassic rocks. The synclinal map
pattern is discernible on Figure 3.

Another north-trending synclinal inlier of the same three Eocene formations occurs near Orient on
the northeastern margin of the dome (Fig. 3). Dips as great as 50° occur in the lower part of the
Klondike Mountain Formation (Pearson and Obradovich, 1977).

Discordant K-Ar dates similar to those reported by Fox and others (1976, 1977) in the Okanogan
dome are common in northeastern Washington and adjacent British Columbia (Miller and Engels,
1975; Armstrong and others, 1977). An alternative explanation to a cooling gneiss dome is that these
dates were caused by Eocene volcanism and plutonism (Armstrong and others, 1977). As noted below,
the Eocene volcanic rocks (Sanpoil Volcanics and Klondike Mountain Formation) were of regional
extent, and Eocene plutons are common; the quartz monzonite of Long Alec Creek (K-Ar age of
51.7 £ 1.6 m.y., according to Engels and others, 1976) in the northern end of the Kettle Dome (Figs. 2,
3) even has batholithic dimensions.

Because the Kettle dome is bounded on the west and the northeast by Tertiary synclines, its present
antiformal structure also is most likely Tertiary (Cheney, 1976, 1977). Furthermore, the length, trend,
and structural relief of the Sanpoil syncline are similar to those of the dome. The axis of the Kettle
dome is not parallel to the axis of the Sanpoil syncline, but this difference may be due to the combined
effect of Tertiary folding and older structures within the rocks of the Tenas Mary Creck sequence. The
high-grade metamorphism and related folding within the Tenas Mary Creck probably is pre-Tertiary
(and probably pre-Beltian), and much of the uplift of the Tenas Mary Creek from the depths at which
sillimanite forms probably was pre-Tertiary.

The regional extent of Tertiary folding is best appreciated after recognition of the regional extent of
the Tertiary formations. Pearson and Obradovich (1977) have shown that the Eocene O'Brien Creek
Formation, the dacites of the Sanpoil Volcanics, and the volcanic and volcaniclastic rocks of the
Klondike Mountain Formation in the Republic area (Meussig, 1967) extend across northeastern
Washington. The regional presence of the same three unconformity-bounded Terstiary formations
suggests that they were not deposited in local basins as most authors—including Parker and Calkins



—tase

NEWPORT

o€m

COLUMBIA

BRITISH

48°N

SOURCE OF DATA




ST

MIOCENE

TERTIARY

EOCENE

f

EXPLANATION

RATIFIED ROCKS

e
“Te
Le,

COLUMBIA RIVER BASALTS
AND LATAH FORMATION

[ =

KLONDIKE MTN. AND
TIGER FORMATIONS

SANPOIL AND O'BRIEN
| CREEK FORMATIONS
~

ELLEMEHAM DRAW,
SOPHIE MOUNTAIN AND
ROSSLAND FORMATIONS

[

KOBAU, PALMER MTN., CAVE MTN,

PALEQZOIC JURA-
PALEOZOIC & TRIASSIC CRETACEOUS

UPPER
LOWER

PRECAMBRIAN

MTN., MOUNT ROBERTS FORM.

SILURO-DEVONIAN STRATA,
LEDBETTER, METALINE ,

MAITLEN AND GYPSY FORMATIONS

WINDERMERE, DEER TRAIL,
AND PRIEST RIVER GROUPS

pEb

L BELT SUPERGROUP

ANARCHIST, COVADA, CHURCHILL

PLUTONIC ROCKS

[ ]

MESOZOIC TO TERTIARY
GRANITIC ROCKS

PALEQZOIC TO MESQZOIC
TONASKET GNEISS

AGE UNCERTAIN

p€my

METAMORPHIC ROCKS ON
WASHINGTON -1DAHO BORDER
PROBABLY PRE-BELT

TENAS MARY CREEK
METAMORPHIC ROCKS

TERTIARY FAULTS

A A A

HIGH ANGLE LOW ANGLE

CATACLASTIC ROCKS
[INCLUDING TMC)

i

Figure 3. Geologic map of northeastern Washington and adjacent
Idsho. For cartographic clarity, small stocks and the letter designa-
tions of Tertiary and Mesozoic plutons have been omitted from the
map. Data sources are (1) Huntting and others (1961); (2) Griggs
(1973): (3) Cheney (this paper); (4) Cheney (unpub. mapping); (5) Fox
and others (1977); (6) Rinehart and Fox (1972): (7) Pearson (1967);
(8) Parker and Calkins (1964); (9) Muessig (1967); (10) Staatz (1964);
(11) Campbell and Raup (1964); (12) Becraft and Weis (1963):
(13) Yates (1971); (14) Miller and Clark (1975); (15) Miller (1974a);
{16) Miller (1974h); (17) Miller (1974c); (18) Miller (1974d): (19) Miller
and Engels (1975); (20) Weissenborn and Weis (1976): (21) Weis
(1968): (22) Yates (1964); (23) Bond (1978).



478 E. S. CHENEY

(1964), Muessig (1967), and Pearson and Obradovich (1977)—suppose.

The Klondike Mountain Formation as shown in Figure 3 is more extensive than shown by Pearson
and Obradovich (1977). The map of Fox (1970) suggests that the Klondike Mountain Formation
may exist in the Okanogan Valley. East of the Columbia River the mafic, olivine-bearing flows that
locally lie above the Sanpoil immediately east of long. 118°W (Yates, 1971) might correlate with
Muessig's (1967) basaltic upper member of the Klondike Mountain Formation. Pearson and Obrado-
vich (1977) gave the following minimum ages: O'Brien Creck, 53 m.y.; Sanpoil, 50 m.y.; and Klondike
Mountain, 41 m.y.

For simplicity, the conglomerates and sandstones of the Tiger Formation that unconformably
overlie Sanpoil lavas in the Pend Oreille Valley (Pcarson and Obradovich, 1977) are shown in the same
patternin Figure 3 as the Klondike Mountain Formation. However, no evidence presently exists as to
whether these formations are correlative or not. Indeed, because the Tiger Formation varies greatly in
provenance and appearance, it may have been deposited in more than one epoch of the Tertiary
(Miller, 1971, 1974b). Additionally, although some parts of the Tiger appear to dip westward into the
Newport fault, Miller (1971) pointed out that other parts of the Tiger appear to overlie the fault and no
part of the formation is known to show the effects of proximity to such a major fault as the Newport
fault. Thus, at least part of the Tiger may be correlative with at least one of the two unconformity-
bounded epiclastic units described by Muessig (1967) and Pearson and Obradovich (1977) in the lower
part of the Klondike Mountain Formation.

The Sanpoil syncline and the syncline near Orient already have been noted. The regional map of
Rinehart and Fox (1972) shows two synclinal remnants of the Eocene formations along the western
border of the Okanogan dome near Tonasket. The inliers of Eocene rocks just east of the Columbia
River are partly synclinal and partly fault bounded (Yates, 1971; Pearson and Obradovich, 1977) and
are aligned along a north-northeast trend. Perhaps the inliers west of the Okanogan dome and east of
the Columbia River are remnants of formerly more extensive north-northeast-trending synclinal belts
of Tertiary rocks similar to the Sanpoil syncline.

The inlier of Eocene formations on the Canadian border northwest of the Sanpoil syncline has been
named the “Toroda Creek graben™ by Pearson and Qbradovich (1977). This inlier may also be
synclinal, but, admittedly, the number of westward-dipping flow structures in the eastern edge of the
Klondike Mountain Formation are few (Pearson, 1967), unconformities obscure a synclinal map
pattern in the Tertiary rocks, and the eastern edge of the Klondike Mountain Formation is faulted
(Pearson, 1967).

Tertiary Faults and Cataclasis

The synformal Newport fault zone in northeastern Washington and northwestern Idaho (Fig. 3)
may cut the Tertiary Tiger Formation (Miller, 1974b) and does cut a 45-to S1-m.y.-old pluton (Miller
and Engels, 1975). The fault separates structurally lower muscovite-biotite schist, micaceous quartzite,
gneiss, and batholithic rocks from Tertiary rocks and only mildly metamorphosed Paleozoic and
Beltian rocks (Miller, 1971, 1974b, 1974c, 1974d). The fault is a gently northward-plunging, synformal,
cataclastic zone 300 m wide. Figure 3 shows areas of cataclasis beyond the fault described by Miller
(1974b. 1974¢, 1974d); detailed petrographic studies might enlarge these areas. K-Ar dates of plutons
peripheral to the fauit are typically 45 to 51 m.y. B.P. (Miller and Engels, 1975). Miller and Engels
suggested that the preservation of much older K-Ar dates (typically 93 to 101 m.y. B.P.) in the plutonic
rocks 81025 km from the fault and in the upper plate of the fault indicates lateral displacement of 70 to
100 km.

A smaller Newport-type fault may bound the belt of Tertiary rocks of the so-called Toroda Creek
graben. Alongthe northeastern margin of this belt, between the Canadian border and the Kettle River,
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Parker and Calkins (1964) described a fault with a 400-m-wide zone of sheared breccia; this fault
separates rocks of the Tenas Mary Creek in their type area from the Tertiary rocks to the west. Along
this contact southwest of the Kettle River, Pearson (1967) described westward-dipping sheets of
breccia as much as 30 m (Jocally 300 m) thick below and within the Klondike Mountain Formation.
Although he suggested that these breccias were debris flows, Pearson also interpreted the eastern
contact of the Tertiary rocks as a fault dipping 20° 1o 30° westward. Pearson and Obradovich (1977)
extended this fault southward toward Granite Creek in the Aencas quadrangle. In the valley of Granite
Creek, a very poorly sorted and poorly stratified breccia consisting mostly of granitic fragments in an
arkosic matrix occurs beneath the Klondike Mountain volcanic rocks. Muessig (1967) and Pearson
and Obradovich (1977) regarded these breccias as sedimentary, but my mapping indicates that (1)
locally some of the clasts are “smeared out" in a well-foliated matrix; (2) matrix-filled fractures down to
hairline width extend into a few clasts, and (3) the underlying granites have mylonitic seams. Thus, the
breccia may be tectonic, If, like the Newport fault, a western limb of this fault does exist, it mayexplain
the juxtaposition of low-grade upper Paleozoic strata against garnet-staurolite mica schist at
Wauconda Summit in the northwestern corner of the Aencas quadrangle. This fault would be on strike
with the fault that Pearson (1967) mapped just to the north and would separate the Tertiary volcanic
rocks to the east from schist, phyllite, amphibolite, and marble to the west. Because additiona!l
mapping is necessary to determine whether these faults are segments of a single system analogous 1o the
Newport fault, a single fault is not shown on Figure 3.

Although the faults on the western side of the Sanpoil syncline (Fig. 3) clearly are regarded as the
western boundary faults of the Republic graben (Parker and Calkins, 1964; Muessig, 1967; Staatz,
1964), a number of anomalies exist (Cheney, 1979). Firstly, the traces of these faults are more sinuous
than can be shown on Figare 3. Secondly, Wright (1949) concluded that most of the epithermal gold
ore in the Sanpoil Volcanics in the Republic district adjacent to the Bacon Creek fault is'in thrust faults
that dip 55° to 65° eastward. He illustrated (1949, Figs. 3, 4b, 7) the Bacon Creek fault asa major break
along whichan anticline involving the Sanpoil and Klondike Mountain units was thrust westward over
Colville granitic rocks. Furthermore, highly sheared and veined phyllite with concordant rhombic
tectonic clasts of limestone dips 20° eastward in an adit in sec. 32, T. 37 N., R. 32 E_, where Muessig
(1967) interpreted the junction of the Bacon Creek and Scatter Creek faults; the location is virtually on
strike with Wright's (1949) cross section showing the Bacon Creek fault.

On Figure 3, the Scatter Creek fault is the unlabeled segment between the Bacon Creek and Long
Lake faults. Muessig noted (1967) that in one adit the Scatter Creek fault is horizontal. Two of the three
western boundary faults in the Bald Knob quadrangle 10 the southwest dip gently eastward (Staatz,
1964). In Figure 3, the King Creek and Nespelem River faults are the first and second faults,
respectively, east of the Long Lake fault. Staatz showed the King Creek fault as a thrust and only
assumed normal movement on the Long Lake fault. He also showed the high-angle Nespelem River
fault as up on the eastern side (not the western side as one might expect for a western-bounding fault of
a graben).

Another thrust exists at least locally on the eastern limb of the Sanpoil syncline. Muessig (1967)
mapped a “major thrust fault,” the Lambert Creek thrust, cutting Sanpoil flows and the younger
quartz monzonite of Herron Creek. Parker and Calkins {1964) did not recognize such a fault in the
neighboring Curlew quadrangle, but the sinuous St. Peter fault, which is cut by the Sherman fault, isa
likely candidate. The Sherman fault east of the Sanpoil syncline does appear to be a high-angle fault
(Staatz, 1964; Meussig, 1967).

Insummary, the socalled Toroda Creek and Republic grabens may be synclinely folded allochthons
rather than grabens. Alternatively, if they are bounded only on one side by thrusts, they are only
half-grabens. In any case they are not grabens in which the Tertiary rocks were deposited.

Available mapping (Campbell, 1938, 1946; Waters'and Krauskopf, 1941; Snook, 1965; Petro, 1970:
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Weissenborn and Weis, 1976} indicates that cataclasis within the crystalline rocks of the three domes
increases in intensity toward the margins of each dome. Furthermore, the intensely cataclastic
marginal zones, including the previously discussed northeastern margin of the Kettle dome, have
sinuous traces suggestive of low dips. Snook (1965) has already suggested that the cataclastic zone
along the western margin of the Okanogan dome is due to folding of an originally fiat thrust and that
erosion has removed the cataclastic zone from the crest of the dome.

Although cataclasis is easier to detect in coarse-grained crystalline rocks, the greatest shearing
probably occurred in the incompetent rocks (such as the upper Paleozoic argillites) above the crystal-
line rocks. The Osoyoos and Whiskey Mountain plutons within upper Paleozoic strata peripheral to
the northwestern margin of the Okanogan dome do become more cataclastic toward the dome (Fox
and others, 1976; Rinehart and Fox, 1972). An intensely shattered and hydrothermally altered pluton
occurs in phyllitic rocks south of Lake Ellen on the southeastern margin of the Kettle dome, and
Campbell (1938) described cataclastic sills and quartzite in the Paleozoic phyllites in this area. In fact,
Campbell (1938) probably was the first to suggest that intense shearing in the phyllitic rocks and the
intense cataclasis in the adjacent gneiss were similar to the effects of major thrust faults, but he
discarded this idea in favor of a protoclastic border of what he inferred was the Colville batholith.

If these cataclastic zones are antiformal analogues of the synformal Newport fault, a westward-
dipping fault zone should occur between the Newport fault and the Kettle dome. A possible candidate
is the gently westward-dipping Jumpoff Joe fault in the Chewelah area. Miller and Clark (1975)
suggested that thrusting on the Jumpoff Joe fault might be extensive enough to explain the structural
and stratigraphic contrasts between the Deer Trail group west of the fault and the Belt rocks to the east.
Where the fault cuts 100-m.y.-old plutons, Miller and Clark reported that it forms a cataclastic zone as
much as 150 m wide; south of Chewelah, upper Miocene Columbia River Basalt overlies the fault
(Miller and Clark, 1975). Miller and Clark also suggested that northeast-striking faults that pass a few
kilometres northwest of Chewelah might be the major structures in the area.

If the Jumpolf Joe fault and the imbricate zone beneath it that involves lower Paleozoic strata are
equivalent to the Newport fault, the lower Paleozoic and the Precambrian Deer Trail-Windermere~
Priest River strata are restricted to the upper plate. Units of the Belt Supergroup in the Chewelah area
(Miller and Clark, 1975) would be in the lower plate, but east of the Pend QOreille River (Miller, 1974a),
such units are in the upper plate of the Newport fault.

The Newport fault, the low-angle faulting in the Toroda Creek area, the faults bordering the western
limb of the Sanpoil syncline, and the Lambert Creek fault may be similar inage. All cut Eocene rocks.
The Newport fault cuts a 45- to 51-m.y.-old pluton (Miller and Engels, 1975). The Lambert Creek
thrust cuts the quartz monzonite of Herron Creek, which is similar to the Long Alec Creek batholith
that has been dated at 53 m.y. B.P. (Pearson and Obradovich, 1977). Furthermore, the 48- to
49-m.y.-old Swimptkin Creek and Coyote Creek plutons in the Okanogan dome are slightly cataclastic
(Fox and others, 1977). Whether these faults are portions of a single regional fault, a series of related
faults, or merely local zones of decoupling is not yet known.

TIMING OF STRUCTURAL EVENTS

Mylonites and brecciated rocks have been described in the crystalline rocks of each of the three
domes. Snook (1965) stressed that, although both commonly occur in the same rocks on the western
margin of the Okanogan dome, the directionless microbreccias formed later than the schistose
mylonites and that in most mylonites the biotite did not change to chlorite, whereas, chlorite,
epidote, and zeolites are prominent in the microbreccias. The same relationships occur on the northern
margin of the Okanogan dome in the contact metamorphic aureole of the Mount Bonaparte pluton
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(one of the Colville plutons) and as discrete sericitic phyllonite zones within the Cretaceous(?)
Buckhorn Mountain plutona few kilometres north of the dome (McMillen. 1979). As McMillen (1979)
has stresed, the petrographic descriptions of Campbell (1938), Parker and Calkins (1964). Lyons
(1964), and Donnelly (1978) suggest that mylonitization and later brecciation accompanied by retro-
grade metamorphism also are common on the margins of the Kettle dome.

Thus, although the mylonites and the cataclastic zones characterized by brecciated rocks commonly
are coincident, they differ in age. Mylonitization is Cretaceous(?) or younger (McMillen, 1979) but
has not been observed in Eocene rocks:; whereas, cataclasis is Eocene or younger, Thus, mylonitization
in the crystalline rocks of the domes is not related 1o the Tertiary faults and cataclasis described above.
If the Jumpoff Joe fault near Chewelah, which is overlain by Columbia River basalt, is related to the
other lowzangle faults marked by cataclastic zones, these faults are pre-late Miocenc. A study of that
partof the Tiger Formation that appears to overlie the Newport fault might provide a better age for the
faulting.

The antiformal nature of the cataclastic zones around the margins of the domes indicates that the
cataclastic zones have been folded. The age of this folding is not well known. The map and cross section
C-C’ of Weissenborn and Weis (1976) suggest that the erosion surface beneath the Columbia River
Basalt and the interlayered Latah formation dips southwesterly off the Spokane dome; thus, at feast
part of the doming may be older than the basalt. However, because the greater structural relief of the
larger north-trending Cascade arch to the west is younger than the Columbia River Basalt (McKee,
1972), it is tempting to speculate that the present structural relief of the north-trending Spokane.
Ketule, and Okanogan domes also may be due 1o folding younger than the basalt.

CONCLUSIONS

In summary, northeastern Washington is characterized by north-northeast-trending Tertiary folds
tens of kilometres long but with amplitudes of only a few kilometres. The synclines are marked by
remnants of Tertiary strata that once were regionally extensive. Instead of being diapiric gneiss domes,
1 believe that the Okanogan dome, the Kettle dome, the Paleozoic and Precambrian rocks near
Chewelah between the Pend Oreille and Columbia Rivers, and the Spokane dome are the anticlines.
The cores of the Kettle and Spokane domes consist of high-grade metamorphic rocks that probably are
pre-Beltian in age. The high-grade rocks near Chewelah probably are pre-Beltian also. Mylonites
within the domes probably are Cretaceous in age.

At present, any relationship between the Newport, the Jumpoff Joe, and other low-angle faults must
be regarded as speculative, and no unequivocal physical evidence exists for significant displacement
along any of them or on the cataclastic zones rimming the domes. Until physical evidence of significant
displacement is available and until the ages of most of the cataclastic zones are known, the cataclastic
zones should be regarded as local zones of Tertiary decoupling between the crystalline batholithic and
metamorphic basement and the stratified cover rocks. Only additional investigations can determine
whether the lov.?-angle faulis and cataclastic zones are a major folded Tertiary thrust, a series of thrusts,
or purely local phenomena. The folding that caused the present distribution of faults and the present
structural relief of the domes may be Miocene or younger.
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