CENOZOIC
AL

i+

QLcB

TERTIARY

MPK

Mvabx

MKEC

MOcg

Ebx

Eibx

Eg

Eb

Eqm

Egd

Ey

Eyg

Emz

Edi

EKv

EDF

ETv

ETvr

ETvp

EP

ESbx

Escg

Eda

EWLvV

EWLs

EM

EMcg

EMrn

EM-PR

EM-KC

EM-KL

EM-SC

EAC

ESRbx

ESRvr

EM-YLph

EM-YLs

EM-YL

Eva

EKR

EKRvr

Esc

Esb

Canada

Natural Resources
Canada

Ressources naturelles
Canada

LEGEND

/_
QUATERNARY

LAMBLY CREEK BASALT: basalt, lava and breccia; minor interflow glacial till (0.857-0.752 Ma,
Church, 1979b; ca. 0.78 Ma, Mathews, 1988; ca. 1.5 Ma, Sluggett, 2008).

NEOGENE
MIOCENE AND PLIOCENE

KALLIS FORMATION: basalt, columnar (7.3-2.9 Ma, Christopher, 1978; Mathews, 1988;
Bardoux, 1993).

MIOCENE

Breccia, rhyolite; some obsidian, massive; associated dykes (ca. 13 Ma, Church, 2002).

KING EDWARD CREEK FORMATION: basalt, alkali, olivine; lava and dykes (20.4-10.4 Ma,
Church, 1980a; Church and Suesser, 1983; Mathews, 1988; Bardoux, 1993).

OLIGOCENE AND MIOCENE

Conglomerate, clast supporte; fiuviatile.

PALEOGENE
EOCENE

Fault breccia; siliceous, chloritic; derived from Paleozoic to Paleogene strata in detachment
hanging well.

Fine stipple: breccia, chloritic, retrograded; Coarse stipple: chloritized detachment fault carapace
gradational into underlying mylonite zone; derived from mylonitic ortho- and paragneiss units.
Shown only where mapped.

Intrusive breccia.

Granite, potassium feldspar, porphyry.

Mafic dykes, porphyritic, hornblende, augite, plagioclase, biotite.

Quartz monzonite, dyke (unit E of Medford, 1976).

Granodiorite, hornblende, coarsely crystalline; cormmon amphibolite stringers (unit D of Medford,
1876; unit eTg of Monger, 1989).

CORYELL SYENITE: syenite, alkalic to calc-alkalic, pink and buff, quartz monzonite; porphyry,
trachyte, feldspar, dykes; epizonal; feeder dykes to Marron Formation, Yellow Lake and Kitley
Lake members (ca. 53-48 Ma, Church, 2002; Glombick, 2005).

WHITEMAN CREEK PLUTON: syenite and quartz-syenite, medium- to coarse-crystalline, pink to
red; granite, mottled pink and white (ca. 59-47 Ma, Church, 1979a; Daughtry and Thompson,
2004b).

LADYBIRD PLUTONIC SUITE

NICKLEN LAKE PLUTON: monzonite; quartz monzonite; diorite; quartz-diorite; grandiorite;
granite; biotite and/or hornblende, medium- to coarse-crystalline; massive to weakly foliated ( ca.
52 Ma, Glombick and Thompson, 2004).

Diorite, medium crystalline, sill complex (unit C of Medford, 1976).

KAMLOOPS GROUP (units EDF and EKv)

Andesite and basalt, augite, olivine, porphyritic and aphanitic, sill and dyke complex; feeders to
Kamloops Group.

DEWDROP FLATS FORMATION: trachyandesite, augite, olivine, aphanitic and porphyritic, flows
and interflow breccia.

TRANQUILLE FORMATION (units ETpv to ETv)

Lithic ash-tuff, basalt and andesitic, bedded.

Ash-tuff, rhyolite; minor shale with plant debris; continental, subeaerial, locally lacustrine.

Mudflow depostis, andesite and basalt clasts, crudely bedded.

PENTICTION GROUP

Undifferentiated: basal conglomerate, sandstone; minor shale; andesite, dacite and rhyolite flows;
breccia, volcanic; intercalated sandstone and conglomerate.

SKAHA FORMATION (units Escg to ESbx)

Megabreccia, chert and greenstone clasts; lava, tephrite (ca 48 Ma, Church, 2002); fanglomerate,
polymictic; continental, subaerial, landslide.

Conglomerate and breccia, granite boulder; sandstone, arkosic; continental, fluvial, channel.

Datcite, black, columnar-jointed; pipes on Mt. Boucherie.

Angular unconformity

WHITE LAKE FORMATION (units EWLs and EWLV)

Breccia, rhyolite; pyroclastic rocks; lahars; minor lava, trachyte and andesite; possibly associated
with Marama Formation domes; in type localily: conglomerate, volcanic; sandstone; shale;
lacustrine and subaerial.

Mudstone, plant remains; siltstone; sandstone, carbonaceous layers; conglomerate, polymictic,
pre-Tertiary clasts; lacustrine.

Interdigitated intrusive and (?) conformable and unconformable sedimentary contacts

MARAMA FORMATION

BLACK KNIGHT, MOUNT DILWORTH, MOUNT BOUCHERIE, GIANT'S HEAD, AENEAS BLUFF
AND MOUNT PARKE dacite domes: lava, dacite, aphanitic, massive, forming remnants of
volcanic domes; some breccia (48.4-45.2 Ma, Church, 1879b; 1980c).

Basal conglomerate, volcanic, of Marron Formation clasts.

Slight angular unconformity with Marron Formation in places as deep as Shatford
Creek and Yellow Lake members

MARRON FORMATION (units EM-YL to EM-YLph and units EM-SC to EM-PR}

Undivided; includes unit Eiv (andesite and dacite flows, breccia) of Glombick et al., 2004;
correlative to Attenborough Creek Formation.

PARK RILL MEMBER: lava, tephrite; fanglomerate, polymictic.

NIMPIT LAKE MEMBER: lava, trachyte, trachyandesite; minor breccia.

BOULEAU MEMBER: dacite and rhyolite, vitrophyric, flows.

KEARNS CREEK MEMBER: lava, basaltic andesite, pyroxene-rich, vesicular.

KITLEY LAKE MEMBER: lava, trachyandesite, with glomerophenocrystic feldspar clots (51.6 Ma,
Church, 1979).

SHATFORD CREEK MEMBER: lava, andesite, brown; breccia; minor quartz-filled amygdules.

ATTENBOROUGH CREEK FORMATION (units EACvb and EAC)

Andesite and dacite, thinly bedded, lava and breccia.

Basalt, olivine.

’Siwash Rock’ breccia, Iatite, partly vitrophyric (pyroxene); aquagens; (Tranquille Formation,
Estekwalan breccia of Daughtry and Thompson, 2004z).

’Siwash Rock’ rhyolite, porphyritic, flows; rare volcanic glass; (Tranquille Formation, rhyolite fiow
member of Daughtry and Thompson, 2004z).

YELLOW LAKE MEMBER (units EM-YL to EM-YLph)

CLARK CREEK PORPHYRY and small sill south of Summerland Outlier: phonolite with feldspar
phenocrysts; sill-like bodies related to unit EM-YL and Ey.

Wacke, volcanic; ash flow, trachytic, radioactive; sandstone; conglomerate.

Lava, mafic phonolite, with anorthoclase phenocrysts.

Lava, andesite, with quartz-filled amygdales; breccia, brown.

Slight angular unconformity

KETTLE RIVER FORMATION (units EKRvr and EKR)

Conglomerate, granite boulder; arkose; wacke, voleanic; breccia, rhyolite.

TREPANIER RHYOLITE: lava, rhyolite; breccia; minor sandstone, arkosic (49.1-46.3 Ma, Church,
1981).

SHINGLE CREEK PORPHYRY: intrusive porphyry, quartz; feeder to units EKRvr and EKR (52.4
Ma, Church, 2002). Includes Coryell subvolcanic rhyolite porphyry, unit ECv of Glombick et al.,
2004).

SPRINGBROOK FORMATION: conglomerate and breccia, polymictic (includes Shorts Creek
Formation of Church, 1982 and unit Escg of Glombick et al., 2004).

EOCENE AND OLDER

Mylonite zones extensively developed beneath detachment faults; also lensoid, discontinuous;
largely overprinting Mesozoic intrusive and metamorphic units. Shown only where mapped as
discrete zones. Orientation of individual symbols mimics measured foliation strikes. Intensity of
deformation decreases eastward (downwards away from detachments faults). Locally may
include rocks containing Mesozoic structural fabrics.
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CRETACEOUS OR PALEOGENE
LATE CRETACEOUS OR EOCENE

KTgm Quartz monzonite, protoclastic, dykes (unit F of Medford, 1876).
(‘
CRETACEOUS
LATE CRETACEOUS
LKgd-m Granodiorite, hornblende, foliated (unit B1 of Medford, 1976).
LKad-mb Granodiorite, hornblende, biotite, foliated (unit B2 of Medford, 1976) (69-67 Ma, Geological
g Survey of Canada, internal report, 1879).
LKdi Microdiorite, biotite, augite, porphyritic (unit Dyke(e) of Preto, 1964); (83.6 Ma, Glombuick et al.,
2004).
EARLY CRETACEOUS
COSENS BAY PLUTON: granodiorite, hornblende and biotite, medium-crystalline, massive to
EKgd strongly foliated (106-98.4 Ma, Glombick, 2005); SKAHA LAKE PLUTON: granodiorite,
hornblende, amphibolite, foliated gneissic; minor gabbro, diorite (ca. 108 Ma and 107.8-103.5 Ma
Bighorn Sheep pluton of Brown, 2010); KATHLEEN MOUNTAIN PLUTON: granodiorite, white
(137.1-128.1 Ma, Medford, 1975).
CREATCEOUS OR OLDER
Kam Quartz monzonite, leucocratic, porphyritic to medium crystalline, foliated to mylonitic; sills and
q agmatite in country rock (unit A of Medford, 10876).
JURASSIC TO PALEOGENE
OKANAGAN BATHOLITH: granodiorite and granite, light grey weathering, massive, medium- to
JPg coarse-grained, equigranular to porphyritic, unfoliated to weakly foliated; includes undifferentiated
granitoids of the Nelson Plutonic Suite and unit 7 of Peto and Armstrong, 1976; ages various,
mostly poorly constrained.
Monzonite, hornblende and/or biotite; quartz monzonite, diorite, granodiorite and granite, biotite,
JPmz massive to weakly foliated, medium to coarse-grained, equigranular to porphyritic; may include
granitoids of the Nelson Plutonic Suite.
JPqd Quartz diorite, porphyritic, leucocratic.
JPdi Diorite, equigranular, medium crystalline.
JURASSIC
LATE JURASSIC
OLIVER PLUTONIC COMPLEX (units LJgm-m to LJgm)
LJgm Quartz monzonite and granite, garnet-muscovite (155-149 Ma, Parkinson, 1985).
LJpgm Quartz monzonite and granite, biotite, porphyritic (part of unit IX, Ryan, 1973).
LJgm-m Quartz monzonite and diorite, biotite-hornblende.
0SOYOOS GRANODIORITE and related stocks
LJgd-m Granodiorite, hornblende, chloritized, sheared, fractured (part of unit IX, Ryan, 1873).

MIDDLE JURASSIC
WHITEROCKS MOUNTAIN PLUTONIC SUITE (units MJy to MJmz)
(174-169 Ma, Daughtry and Thompson, 2004b} Includes small bodies
of JPqd (ca. 150 Ma, Daughtry and Thompson, 2004b).

MJmz

MJpx

Monzonite, porphyritic and equigranular.

Monzonite-syenite, porphyritic and megacry stic; some melanocratic phases.

Pyroxenite, hornblende, biotite, clinopyroxene; minor hornblendite, gabbro, diorite.

MJy Border phase, monzonite-syenite, trachytic, fine-grained.

NELSON PLUTONIC SUITE (units MJg to MJgd) includes Okanagan Plutonic
Suite of Glombick et al., 2004 and Daughtry and Thompson, 2004a, b. Regionally,
ages from ca. 175-160 Ma (Canadian Geochronology Knowledgebase, 2011)

WOOD LAKE PLUTON: monzonite, biotite and/or hornblende, massive to weakly foliated,
medium- to coarse-grained, equigranular, in part megacrystic; quartz-monzonite; diorite;
quartz-diorite; granodiorite; granite (166.4-158.8 Ma, Glombick, 2005).

MJmzd

OSPREY LAKE BATHOLITH: quartz monzonite, hornblende, biotite, porphyritic; unit lJg of

MJpgm Monger, 1989 (168-163 Ma, Parrish and Monger, 1992).

Undiferentiated: granodiorite, quartz-diorite and granite; hornblende-biotite, massive to
moderately foliated, medium- to coarse-grained, equigranular (includes Beaverdell Batholith; unit
21, Cairnes, 1940; and Spruce Grove Batholith, 178.0-171.6 Ma, Carr, 1091).

MJgd

ANARCHIST MOUNTAIN GRANITE: granite, biotite, garnet; quartz monzonite, biotite; weakly
foliated, Iate kinematic (unit Vil of Ryan, 1973; may include part of late-kinematic granodiorite,
quartz monzonite: (unit B of Christie, 1973); (ca. 177-160 Ma, Ryan, 1973).

SANDBERG PLUTON: monzogranite.

Mg

EARLY AND/OR MIDDLE JURASSIC

Jgm Quartz monzonite, muscovite, garnet, leucocratic, foliated, syn-kinematic (unit VIl of Ryan, 1973).
J Quartz monzonite, biotite, minor garnet, hornblende, foliated, syn-kinematic (unit VI of Ryan,
gm-b
1973).
Jdi Diorite, equigranular, medium crystalline (ca. 180 Ma); agmatitic in part.
LOWER JURASSIC
[JNG NICOLA GROUP: conglomerate, flat-pebble, limestone (Permian cobble; ca. 192-183 discordant
9 detrital zircons; Thompson and Unterschutz, 2004).
EARLY JURASSIC
BROMLEY BATHOLITH: granodiorite, hornblende, biotite; marginal diorite; quartz gabbro; garnet
EJgd skarn (198-192 Ma, Parrish and Monger, 1992). PENNASK BATHOLITH: granodiorite, biotite
(196-191 Ma, Parrish and Monger, 1992).
EARLY JURASSIC OR OLDER
- Datcite, plagioclase, quartz, biotite, foliated, dykes.
TRIASSIC
LATE TRIASSIC

OSOYOOS LAKE GNEISS: granodiorite, hornblende-biotite, gneissic (unit V of Ryan, 1973); (ca.
228 Ma, Geological Survey of Canada, internal report, 1982; ca. 220-201 Ma, Parkinson, 1985).

UPPER TRIASSIC
NICOLA GROUP (units uRN-w, uTNv, and [UNcg)

UTRNv Breccia, tuff, flows, augite porphyry.

URNs Slate, phyliite, argillite, black, pyritic; minor quartzite, limestone, greenstone.

URN-W WHISTLE FORMATION: ash tuff, andesitic, basaltic.
SLOCAN GROUP (units uTscg to utsp)

uksp Phyliite, argillite, quartzite; grey to black; minor tuffaceous rocks.

uksc Limestone, calcareous, fine-crystalline; siltstone, calcareouos; shale interbeds.

uTsc Conglomerate, limestone and chert pebble; sandstone; sandstone, gritly (Coldstream

9 conglomerate of Thompson and Untershutz, 2004).

uTwe Mafic tuff; minor limestone, marble; conglomerate, chert pebble (WOLFE CREEK FORMATION of

Bostock, 1940).

Granodiorite, biotite, minor muscovite, garnet; leucocratic, foliated, cataclastic, mylonitic
(syn-kinematic leucocratic granodiorite gneiss-pegmatite complex of Christie, 1973; leucogneiss
of Parkinson, 1983). Discordant zircon ages possibly as old as Paleozoic, perturbed during
Cretaceous-Paleogene.

-
f
(?)CARBONIFEROUS, TRIASSIC AND JURASSIC

CARBONIFEROUS, MIDDLE TRIASSIC AND MIDDLE JURASSIC

ABERDEEN GNEISS COMPLEX: schist, pelitic, migmatitic (pre-Middle Triassic); diorite gneiss,
quartz, feldspar, hornblende (ca. 232 Ma); tonalite, biotite, medium-crystalline, strongly foliated
CARBONIFEROUS TO(?) TRIASSIC

(ca. 155 Ma); minor amphibolite, granite possibly correlative with unit ggn (ages from Glombick,
2005).

Metamorphosed and serpentinized ultramafic intrusion: pyroxenite, diorite, amphibolite, dunite,
hartzburgite sills, dykes, lenses and stocks (Old Dave Intrusions of Jones, 1959; Coldstream
ultramafic rocks of Daughtry and Thompson, 2004a, b and Glombick et al., 2004).

ub

UPPER TRIASSIC OR OLDER
NICOLA OR HARPER RANCH GROUP

Undifferentiated sediments: slate, black, pyritic; phyllite; argillite; all locally silicified; minor
quartzite; limestone, argillaceous; greenstone.

CTs

CARBONIFEROUS TO MIDDLE TRIASSIC
HARPER RANCH GROUP (units CRHRc to CRHRs)

Siltstone, sandstone, argillite, conglomerate, breccia, phyliite, quartzite, limestone; lesser
CTHRs intercalated tuff, andesite; minor marble, hornfels, skarn (includes unit Ppq of Glombick et al.,
2004).
CTHRV Flows and agglomerate, andesitic; flows, phyric, augite and/or plagioclase; breccia, volcanic; tuff,
lapilli and cherty; minor limestone blocks.
CTHRe Limestone, crystalline, massive (includes part of unit Dm of Glombick, et al., 2004 east of Vernon.
includes part of unit Dm of Glombick and Thompson, 2004).
KOBAU GROUP (units CTKc to CTKs)
CTK Undifferentiated.
Quartzite, massive; quartzite, micaceous, foliated; chert, recrystallized; limestone, crystalline;
CTKs . . T , p
phyllite, argillaceous; minor schist, micaceous.
CTKv Phyllite, chloritic, actinolitic; greenstone; minor serpentinite (ub); marble lenses.
CTKc Marble, crystalline limestone lenses.
APEX MOUNTAIN GROUP (units CTI to CROT)
CcToT OLD TOM FORMATION: greenstone, andesitic, silicified and brecciated in part; minor limestone,
Ordovician, Devonian, Carboniferous and Triassic olistostromes or tectonic slivers.
CTsh SHOEMAKER FORMATION: volcanic rocks, silicified; tuff: breccia; chert.
CTI INDEPENDENCE FORMATION: breccia, greenstone and volcanic clasts; minor limestone lenses.
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PRE-TRIASSIC
Pch CHAPPERON GROUP: phyliite, chioritic, pale green; greenstone; schist, micaceous; minor
fimestone, ulframafic rocks.
CARBONIFEROUS AND PERMIAN
CPA ANARCHIST GROUP: amphibolite; greenstone; schist, quartz-chlorite; schist, quartz-biotite;
minor peridotite, serpentinized.
DEVONIAN TO PERMIAN
SPA CREEK ASSEMBLAGE
DCscC Schist, amphibole and biotite, chlorite; quartzite, carbonaceous.
Marble, medium to coarse-crystalline (Hendry Creek marble of Thompson and Unterschutz,
DCscc
2004).
DCsceg Conglomerate, quarizite, granite and carbonate pebble; quartzite, gritty.
DEVONIAN
Dch CHASE FORMATION: quarizite, calcareous, coarse-crystalline; calc-silicate, diopsidoc bands.
DsC SILVER CREEK FORMATION: schist, garnet, muscovite, biotite; lesser schist, carbonaceous;
quartzite, micaceous; minor marble; schist, amphibolitic; amphibolite; metaconglomerate.
PALEOZOIC AND MESOZOIC (may include PROTEROZOIC)
Possible correlatives of Anarchist Group strata with Precambrian, late Paleozoic and early Mesozoic
detrial(?) zircons in paragneiss and permeated by Eocene migmatitic leucosome.
e May include units np to nms/nm; amphibolite; gneiss, feldspathic, dioritic; minor schist; marble;
locally 50% granitic injections (unit pgn of Parkinson, 1985).
s Paragneiss, semi-pelitic, quartzo-feldspathic, biotite, grading upward into paragneiss, hornblende;
P minor muscovite, garnet; schistose partings (unit 5 of Christie, 1973).
nms/nm May include units m to nm; units 4a and 4b of Christie, 1973.
Amphibolite, medium to coarsely banded, foliated; greenstone and minor quarizite to southeast
nm (unit | of Ryan, 1973); laminated and massive amphibolite gneiss; interfoliated; minor schist,
biotite, amphibolite (units 4b of Christie, 1973 and unit 1 of Medford, 1976); in part Jurassic
(possibly correlative with amphibolite units of Brown, 2010).
e May include units m to q; paragneiss, semi-pelitic, fissile; interbedded with amphibolite, laminated;
minor quartzite, marble and gneiss, calc-silicate (unit 4a of Christie, 1973).
Quartzite, grey to white, fine grained, weakly foliated, black to grey with argillaceous partings to
q southeast (unit Il of Ryan, 1973).
Pelite: schist, quartz, biotite, muscovite, garnet, polyphase foliation; phyliite, slate and argillite to
P southeast (unit Ill of Ryan, 1973).
= Amphibolite, foliated (unit IV of Ryan, 1973); amphibolite unit of Christie, 1973; in part Jurassic,
possibly correlative with ca. 142-158 Ma amphibolite of Brown, 2010.
spc Schist, pelitic, biotite, muscovite; in part calcareous (unit DPcs of Glombick et al., 2004).
) Schist, hornblende, biotite, plagioclase, calcareous (units | and Il of Solberg, 1976; unit DPas of
Glombick et al., 2004).
T Paragneiss, semi-pelitic, quartzo-feldspathic, hornblende, biotite; minor muscovite, garnet (unit 3
p- of Christie, 1073).
Quartzite, calcareous; calc-silicate bands, diopsidic; quartzo-feldspathic segregations; mylonitic to
nqc foliated (unit IV of Solberg, 1976; reinterpreted parts of Chase Formation (Dcqm) of Glombick et
al., 2004).
e Calc-silicate gneiss, massive; marble, coarsely crystalline; schist, amphibolitic; amphibolite (units
mD and Pcga of Glombick et al., 2004).
Schist, paragneiss, interfoliated; biotite, quartz, feldspar; muscovite, garnet; minor quartzite,
nps marble, diopsidic and gneiss, calc-silicate, podiform (unit 18 of Cairnes, 1940; unit 2 of Christie,
1978; unit lll of Solberg, 1976; unit Pgn of Bardoux, 1093; Tsuius schist (Pqfh) and parts of
reinterpreted Silver Creek Formation (Dqfb) of Glombick et al., 2004 and Thompson and
Unterschotz, 2004).
a Paragneiss, quartzo-feldspathic, biotite; minor hornblende, muscovite, garnet (unit 1 of Christie,
P 1873); includes Tonasket paragneiss at 49th parallel.
na Gneiss, granitic, augen; minor biotite; (unit 3 of Medford, 1976).
- Granodioritic gneiss, hornblende, lesser biotite, coarsely crystalline (unit 2 of Medford, 1076).
OKANAGAN GNEISS: orthogneiss, granodiorite, hornblende-biotite; grades to gneiss, mylonitic;
agn mylonite; blastomylonite towards Okanagan Valley and eastward through a narrow transition zone
into massive to foliated Okanagan Batholith; minor gabbro, amphibolite, paragneiss, schist,
pegmatite; may include unit CPA (includes units 17 and 19 of Cairnes, 1940; units 1 to 4 of
Medford, 1976; unit Ogn of Bardoux, 1893; Wood Lake gneiss of Glombick, 2005; amphibolite
& (163.8-154.8 Ma), gabbro (109.7-106.3 Ma), and leucosome (54.1-51.9 Ma) of Brown, 2010).

Geological contact (defined, approximate, assumed)
Line of nomenclaturechange . . . . . . . . . . . . . ... .. ... .. ...... R
Sheared contact (defined, approximate, assumed) . . . . . . . ...
Fault (defined, approximate, assumed)

Thrust fault (assumed)

Normal fault (defined, approximate, assumed);

tick on hangingwall . . . . . .. ... ... ... ... ..... —— — e — i —
Detachment (defined, approximate, assumed);

symbolonupperplate . . . . . . . ... ... ... ... .... - a . e
Anticline (upright, overturned), antiform . . . . . . . ... ... ... $ ﬂ
Syncline (upright, overturned), synform . . . . . . . . .. .. .. .. * ﬂ\ b 4
Watershedboundary . . . . . . . . . . ... .. e
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COMMISSION GEOLOGIQUE DU CANADA

DESCRIPTIVE NOTES

Introduction

The geology of the map-area was compiled from maps spanning 70 years published at scales of 1:250
000 to 1:10 000. Concepts that influenced interpretation of field data evolved considerably over that
time. Integration of the diverse maps was challenging; not all elements were resolved. Hindering better
understanding of the geological evolution is the paucity of age information. Despite much modern
geochronological work and a continuing search for rare paleontological samples, most of the many rock
units in the area remain undated, their ages inferred by tenuous lithologic correlations and many
tectonomagmatic events are similarly poorly dated. This compilation was undertaken in support of a
regional study of groundwater resources and is therefore limited to the Okanagan River watershed.

In Canada, the watershed extends north from the 49th parallel for 180 km along the western
margin of the Omineca Crystalline Belt, and east-west 100 km at its widest part. The nature of the
geology changes markedly at Vernon across a structurally complex zone that extends northwest and
east from the town.

North of the zone are low (to the west) and high (to the east) grade strata which can be
correlated with somewhat better-dated rocks ranging in age from Neoproterozoic to Carboniferous
found on the eastern flanks of the Shuswap Metamorphic Complex (SMC) that are considered to be
stratigraphically linked to pericratonic successions of North America. High grade equivalents of these
strata and their Mesoproterozoic basement comprise the SMC.

South of the zone are low and high grade strata of Ordovician to Permian ages that differ from
coeval North American successions and that have been interpreted as parts of a suspect terrane. They
contain evidence of Permo-Triassic deformation and erosion (Read and Okulitch, 1977), absent from
the pericratonic succession, are unconformably overlain by Upper Triassic strata and are intruded by
numerous plutonic rocks of Triassic to Paleogene ages. Older granitoid units may have formed a
basement to the Paleozoic strata. Most of the high grade rocks may be correlatives of the low grade
strata and plutons but their ages are poorly defined. Within leucosome sheets possibly extracted from
adjacent para- and orthogneiss units by anatexis, a few zircons contain cores of Paleozoic and, rarely,
Paleoproterozoic, ages (Parkinson, 1985; Brown, 2010). Most are distinct from any detrital or magmatic
zircons encountered in North American pericratonic successions. The low grade assemblage is
presently designated Quesnel Terrane and its presumed high grade equivalents largely east of the
Okanagan Valley have been called the Okanagan Metamorphic and Plutonic Complex (OMPC) to
distinguish it from the SMC (Okulitch, 1984). If the low and high grade rocks are all part of Quesnel
Terrane, then the suture between North America and Quesnel Terrane is delineated by the belt of
Carboniferous to Triassic strata within the structurally complex zone that passes through Vernon. This
represents the approximate edge of North America prior to the Mesozoic and is the southwestern edge
of a major salient of the craton that extends to just west of Shuswap Lake and passes eastward to the
Kootenay Arc, a belt of polydeformed Neoproterozoic to Early Mesozoic strata. The craton does not
appear to extend west from the southern part of the Arc (Acton, et al., 2002), as is conventionally
assumed (e.g. Armstrong, et al., 1977; 1991), except perhaps in attenuated form and may only be
exposed in culminations such as the Grand Forks Complex (Preto, 1970; Ross and Parrish, 1991).

The complex zone poses one of the major challenges to understanding of the geological
evolution of the region. Its interpretation is linked to interpretations of a prominent regional marker unit,
the Chase Quartzite (Thompson, et al., 2002).

The Chase Quartzite

Calcareous, diopsidic quartzite of the Chase Formation (Jones, 1959) has its type locality

near the town of Chase on the Trans-Canada Highway. This distinctive lithology occurs sporadically in
thin layers to thick pods within schist units of the Silver Creek Formation throughout the Vernon map-
area (Okulitch, 1979) and to the east in the Kootenay Arc east of the Shuswap Metamorphic Complex
(Thompson, et al., 2002; Lemieux, et al., 2007) and the formation name has been extended to all these
widespread and discontinuous exposures. In most exposures, the compositional layering of the
quartzite is transposed and contacts with various schist units are planar and presumably preserve little
evidence of their original nature - depositional or tectonic. Despite seemingly consistent relationships
with schist units structurally above and below the quartzite, these units vary in composition from place
to place and similar lithological variants occur above and below the quartzite pods. Isoclinal, refolded
folds are common throughout the structural stack and it may be that only a transposed pseudo-
stratigraphy is present.
Sparse detrital zircon analyses indicate that the quartzite near the type locality cannot be older than
earliest Devonian, (R.l. Thompson, pers. comm., in Glombick, 2005) and it can be inferred (Okulitch,
1985) to have been intruded by a polyphase foliated granitoid whose oldest known component is Late
Devonian (R. Friedman, pers. comm., 2004; S. Brown, pers. comm., 2011).

In the Kootenay Arc (Lemieux, et al., 2007), the quartzite lies beneath the Carboniferous
Milford Group and the youngest detrital zircon is earliest Devonian in age (but with uncertainties
ranging from Ordovician to Late Devonian). Zircon ages show affinities with North American cratonal
sources, pericratonal basins and volcanic arcs and but some may be reworked from Proterozoic strata.
Zircons of early Paleozoic age (Roback, et al., 1994; Lemieux, et al., 2007) have no counterparts in the
pericratonic succession to the east.
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Sources of Information

Calcareous quartzite virtually indistinguishable from the Chase Formation occurs south of
Vernon in a west-trending band east of Kalamalka Lake (see description in the preceding section).
Associated lithologies (Solberg, 1976 and Glombick, 2005) are predominantly amphibolitic paragneiss
and schist in contrast to the Silver Creek Formation noted above. This occurrence, in addition to
another well to the southeast of Deer Lake (Glombick, 2005) lie within the Okanagan Metamorphic and
Plutonic Complex whose protoliths, largely undated, are postulated to be correlatives of late Paleozoic
oceanic and arc-related allochthonous units of Quesnel Terrane.

The current working hypothesis embodied in this compilation is that the calcareous quartzite
marks the locus of a broad belt of pericratonic North American and allochthonous Quesnel Terrane
rocks tectonically interdigitated during the Permo-Triassic. The collision zone was then unconformably
overlain by Upper Triassic marginal basin strata (Unterschutz, et al., 2002) and overprinted by Early
Jurassic to Late Cretaceous deformation and magmatism. This was followed by Eocene extension that
resulted in prominent detachment faulting predominantly (but not entirely) south of the zone and
subordinate detachment faulting over-printed by normal faulting within and north of the zone..

Okanagan Valley Faults

The Okanagan Valley and adjacent valley walls contain a complex array of low and high angle
faults, many with approximately northerly trends, although a significant number trend from northwest to
northeast and a few extend east-west across the valley. On numerous maps, the largest of these have
been inferred to extend under the very deep valley fill. Excluding the fill, the relief between the valley
and nearby mountains exceeds that of the Grand Canyon of the Colorado River and this chasm is
considered by some to be a major part of the catastrophic drainage that formed the Channelled
Scablands of Washington (Shaw, et al., 1999). The valley fault system has been interpreted as either
steep normal or gently west-dipping.

The presence of a west-dipping detachment has been debated since the initial proposal by
Tempelman Kluit and Parkinson (1986). Models of a single, relatively planar detachment that extended
from south of the US border to north of Shuswap Lake (e.g. Parrish, et al., 1988) were temporarily
abandoned when detailed field evidence failed to substantiate the presence of detachment faults along
significant portions of the valley, and such studies resulted in rejection of any detachment, preference
being given to an array of normal faults (Thompson and Daughtry, 1996). Subsequent, more detailed
mapping integrated with earlier data revealed a complex fault system of normal and detachment faults
(e.g. Parkinson, 1985; Johnson, 1989; Bardoux, 1993; Glombick, 2005). Detachment faults can be
found both west and east of the valley and within the watershed, only the central part near Penticton lies
beneath Okanagan Lake.

From south to north, the evidence for detachment faulting is variably exposed. The
detachment fault is visible immediately south of the border (Kruckenberg, et al., 2008). From the
border to Oliver, the structure is concealed in the valley and is inferred from the juxtaposition of high
grade poly-deformed strata and plutons with Eocene cooling ages to the east and low grade poly-
deformed strata and massive plutons with Mesozoic cooling ages to the west.

Between Oliver and the south end of Skaha Lake, the detachment was delineated by
Parkinson (1985) and passes from the east side of the valley to well to the west of it where spectacular
Eocene mega-breccias were formed coeval with movement. Classic development of mylonitic fabric
passing upwards into a chlorite breccia zone unequivocally support an interpretation of detachment
faulting possibly before, during, and after eruption of Eocene volcanic rocks (McClaughry and Gaylord,
2005). The zone of high strain is thick along this portion of the detachment and was mapped by Christie
(1973) well to the east of the valley, with discrete zones of greater deformation at several structural
levels. Some of the mapped structures may be of Mesozoic age if pre-mylonite polyphase folds are
preserved between the high strain zones. Later normal faults have displaced the detachment near the
south end of Skaha Lake (Brown, 2010). Similar mesoscopic faults are common throughout the
mylonite zone within the watershed region.

The large gap in detailed information on the east side of the valley that extends along Skaha
Lake to well north of Penticton has been filled in part and supported by geochronological analysis
(Brown, 2010) but commonly the presence of the detachment can only be inferred by the close proximity
of high grade and very low grade rocks. Outliers of the detachment are now known to occur well to the
east of the valley. Detailed mapping and geochronological studies cover the east side of the valley
within the bend of the lake (Medford, 1976) and north to Kelowna (Bardoux, 1993). The age of the
mylonitic fabric is constrained by a foliated granodiorite (U-Pb, 68 Ma and K-Ar 49 Ma; Geological
Survey of Canada, internal report, 1979) and by K-Ar and numerous fission track cooling dates
(Medford, 1976) and U-Pb crystallization ages of syn-tectonic intrusions (Brown, 2010) ca. 50 Ma. As in
Parkinson's study area near Oliver, the classic progression from mylonite, through fractured chloritic
mylonite, to thick chlorite breccia is well exposed east of Kelowna along Highway 33 below Black Knight
Mountain and throughout the area mapped by Bardoux (1993). Eocene strata are faulted and tilted into
the gently west-dipping plane of the mylonitic foliation. At this latitude, the main detachment extends far
to the east of the valley and Bardoux (1993) indicated that it, or other detachments, appear to be broadly
folded surfaces with easterly as well as westerly dips and such a geometry may be typical of much of
the detachment to the north and south (Brown, 2010). The large re-entrants in the plan view of the
detachment(s) may be explained by such warping.

North of Kelowna, the detachment is not well exposed and is partially covered by Miocene
plateau basalts. Inthe Wood/Kalamalka lakes area, Glombick (2005) mapped what appeared to be two
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east-west normal faults that displaced the detachment, however, available outcrop permits an alternate
interpretation, shown in this compilation, of a detachment folded about east-northeast axes. Where
structural data permit, approximate axial traces of major antiforms and synforms are indicated. Similar
corrugations of the detachment surface have been mapped by Brown (2010). North of this locality, most
of the detachment zone lies almost entirely under Kalamalka Lake but mylonite fabrics are present
along the east side of the lake, their intensity diminishing eastward as illustrated by their effects on the
east-west trending calcareous quartzite unit at Cosens Bay. Imposition of mylonitization in this area did
not result in significant dismemberment of the steeply dipping quartzite (except, perhaps, under the
lake).

The area between Kalamalka Lake and Vernon contains the northern limit of reasonably well-
documented Eocene detachment faulting in the Okanagan Valley. What has been interpreted as a
west-side-down normal fault (Thompson and Unterschutz, 2004; Glombick et al., 2004) extends to the
north. High grade rocks are juxtaposed against low grade and gently-dipping mylonite fabrics occur at
several levels on the east side of the valley. Although there is no reason to suppose a major structure
such as described to the south should end abruptly, neither is there clear documentation of its
geometry in this area, nor are the ages of the various mylonite zones known. It is reasonable to
suppose that the amount of displacement decreases northward and the low angle fault(s) rise to
become steep breakaway zones, however connections to the Eagle River Detachment just north of the
watershed (Johnson, 1989; 2006) have been proposed.

Much remains to be understood about the evolution of rocks adjacent to the detachment. In
the SMC and OMPC one or more episodes of deformation and metamorphism predate Eocene faulting
and the ages of many of these events and the protoliths are unknown. In low grade rocks deformation
occurred from the Permo-Triassic to Paleogene. Transitions between low and high grade rocks occur
east and west of the valley; some are abrupt and clearly faulted. However, if pre-detachment
deformation juxtaposed rocks at a variety of metamorphic grades, both the infrastructure and
suprastructure of the Eocene detachments, where they occur, locally may contain low and high grade
rocks. Mylonite zones seem to occur at several structural levels and cannot all be assigned an Eocene
age with confidence. In such areas, Eocene structures can only be defined by the distribution of
Eocene cooling ages (e.g. Mathews, 1964). Several discontinuous detachment faults may die away
northward into a zone of normal faults and/or descend into high grade rocks east of the valley. The
complexity of detachment systems in this region has been well demonstrated by Johnson, (2006).
Complex detachment faulting extends south of the international border (Kruckenberg, et al., 2008).
Mylonite and brittle fault zones accompanied by extensive hydrothermal systems, formed before,
during and after a prolonged episode of Eocene volcanism (see below).

Paleogene Volcansim

The distribution of Eocene volcanic and sedimentary rocks define a system of extensional basins and
coalescing volcanic centres in the hanging wall of the detachment fault predominantly in the western
half of the watershed (Church, 1978). Well constrained ages of eruption and deposition are sparse but
magmatic activity appears to span the period of extensional faulting and exhumation of the high grade
complex and may have persisted after most motion ceased. Relationships between the volcanic and
sedimentary strata and high-level intrusive phases, and the high grade rocks to the east are therefore
complex. The Eocene volcanic and sedimentary strata, and their Mesozoic and older basement, are
highly dismembered by numerous high angle brittle faults above the shallow-dipping detachment.

Miocene and Pliocene basaltic flows (Church and Suesser, 1983; Mathews, 1988) cap both
high and low grade terranes and Quaternary flows fill a valley west of Kelowna (Sluggett, 2008).
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