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FOREWORD 

The first mining claims were staked for gold in the Wenatchee area in 1885. Prospectors 
flocked into the region and, as a result, the City of Wenatchee was incorporated in 1892. The 
lure of gold has again attracted the attention of the public and exploration companies. A staking 
and leasing rush of major proportions is taking place during 1983. 

The Geology and Earth Resources Division of the Department of Natural Resources is 
fortunate to be able to publish this timely report by the late Randall L. Gresens, a professor at 
the University of Washington. The author was employed by the division to complete the geologic 
mapping of the Wenatchee and Monitor quadrangles, in the summers of 1975-1982, and to write 
a bulletin to accompany the maps. The division was in possession of his manuscript, completed 
field maps, and cross sections at the time of his tragic accident in the summer of 1982. 

Randy's report presents new hypotheses regarding the age and origin of hydrothermal 
alteration, as well as associated ore minerals at the L-D gold mine (also known as the Lovitt, Gold 
King, and Golden King). The report expands and elaborates on the geologic units, especially 
sedimentary formations of the Wenatchee area. His attention to detail and lucid style of writing 
make this report extremely useful to present and future workers in the area. 

The staff of the division will miss Randy both as a friend and as an esteemed colleague. 
We are proud to present this document to the geologic community and the public as a working 
monument to Randy's ability as a geologist. 

Because the published report and maps could not receive the author's final scrutiny, the 
division accepts responsibility for any errors that may have been introduced as a result of the 
editing process. Special thanks go to Professo r E. S. Cheney, of the University of Washington, 
for his assistance in reading the manuscript and locating the figures needed for this volume. 

Raymond Lasmanis 
Washington State Geologist 

III 





ERRATA 

Bulletin 75, Geology of the Wenatchee and Monitor quadrangles, Chelan and Douglas Counties, Washington, 
by Randall L. Gresens 

Under "Description of Units" on Plates 1, 2, and 3, the description of the Swauk(?) Formation reads 

"Swauk(?) Formation of late Eocene Age." 

It should read "Swauk(?) Formation of early Eocene age." 





CONTENTS 

Page 

Introduction......................................................... 1 
Purpose and scope of the investigation........................... 1 
Regional geologic setting. .. .. . .. .. ........... ...... . . ........... 1 

Pre-Late Cretaceous metamorphic rocks--Swakane Biotite Gneiss........ 2 
Swakane Biotite Gneiss in the Wenatchee quadrangle... . ........... 3 

Foliation in the Swakane Biotite Gneiss............... ...... 4 
Cataclasis in the Swakane Biotite Gneiss.................... 4 

Origin and age of the Swakane Biotite Gneiss..................... 4 
Sedimentary and extrusive igneous rocks of Cenozoic age.............. 5 

Swauk Formation. .. . . . . .. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 5 
General description . ........................................ 5 
Swauk(?) rocks in the Wenatchee and Monitor quadrangles..... 5 

Chumstick Formation.............................................. 7 
General description .. ....... . .......................... . ... . 7 
Chumstick rocks in the Wenatchee and Monitor quadrangles.... 8 

Lower Ch ums ti ck rocks.................................. 8 
Tuff units in lower Chumstick rocks ••• ••• ••.•••••• 10 

Mission Creek tuffs •.•••..•••••• .••• ••• .••••• 10 
Yaxon Canyon tuffs........... . ............... 11 
Fairview Canyon tuff •••• ••••••••.••• ••.•• •••• 12 
Horse Lake Mountain tuffs •••.•••.•••••••••••• 12 
Miscellaneous tuffs of uncertain 

correlation •.••••••••.•••••••..•••••••••••. 12 
Nahahum Canyon Member of the Chumstick Formation ••••••• 13 
Chumstick Formation east of the Entiat fault •• ••. •••••• 15 

Significant differences between the Swauk(?) and Chumstick 
Formations............ ... . . . . ............... . ... ............... 15 

Wenatchee Formation ...•••...••...•...••. •• ••••••.•• •••••...•.• • .. 19 
Occurrences west of the Entiat fault ••.••••••••••.••••• • •••• 20 

Type sec ti on.. . . . . . . .. .. . . . ... .. ....... . . . . . . . . . . . . . . . . 20 
Sandstone and shale member ••.••••.••••••••••.••••• 20 
Conglomerate member ••••••• •••••••.••••••••••••••.• 20 
Geomorphic expression •••• ••••• •••. • ••.••• •••• ••••. 21 

Reference section .••••••••••••••••••.•.••••••.••••••••• 21 
Dry Gulch reference section •.•••.••••••••••••••••. 21 
Chopper Hill reference section ••••••••.••••••••••• 21 
Stemilt Canyon reference section •••• ••••• •••.••. •• 21 

Additional occurrences of the unit •••• •• •••••.••••••••. 22 
Occurrences east of the Entiat fault ••.••• •• ••••.•••• ••••.•• 23 

Reference section .•...•..••...•.. . ..•.• •.••.•.•••.•.. •. 23 
Blue Grade reference section ••. •.••• ••. ••••• ••• ••• 23 

Additional occurrences of the unit •••••••• •.••• • •• ••••• 23 
Depositional environment of the Wenatchee Formation ••••••.•• 24 

Sedimentary rocks of Miocene age .•.••••••• •••• ••••••. ••• •• ••••••• 25 
Columbia River Basalt Group •••• •••.••.• ••••.•••••••••••••• ••• •• •• 25 

V 



CONTENTS 
Page 

Interflow sediments •••••••••• •• •••••••••••••••••••••••••••••••••• 25 
Rocks of uncertain age •.••...••.. •. ...•••...••••.. •. • .•.•••.• . ••• 27 

Intrusive igneous rocks of Cenozoic age •••••••••••••.•••••••••••••••• 28 
Horse Lake Mountain intrusive complex ••••••• •••••••••••• •••• •• • •• 28 

Rock types..... . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Canyon Number One composite sill and stock •••••••••••••••••• 30 
Twin Peaks intrusive breccia and associated si ll-dike 

complex ••••.••••••••••• ••• •••• • •.• ••.••••••••••••••• •••••• 32 
Bear Gulch composite si ll •••••••••••• •••••••• ••••••••••••••• 34 
Martin's Ranch sill •••• ••••••••••••••••••••••••••••••••••••• 34 
Fairview Canyon sill •.••..•.•.•• •.•••.• •• ••• •••.•.•.•.••.••. 35 
Mi see 11 aneous si 11 s and dikes... • • • • • • • • • • • • • • • • • • • • • • • • • • • • 35 
Contact effects of the Horse Lake Mountain intrusive 

complex..... .. .. .. ........................................ 36 
Xenoliths in Horse Lake Mountain rocks ••••• ••••••••••••••••• 36 
Alteration of rocks of the Horse Lake Mountain intrusive 

complex • • ••••.•••••••• •. •••••••••••••• •••••••.•• •••••• •••• 36 
Age and emplacement of the Horse Lake Mountain intrusive 

complex....... .... .... . ................................ . .. 37 
Wenatchee pinnacles ..• .• •.•.• ••••.•.•••••. •.. •. ••......••.•.••••. 38 

Felsic rocks of the Wenatchee Pinnacles •• ••••••••••••••••••• 38 
Mafic rocks of the Wenatchee Pinnacles ••••••••••••••••••••• • 40 

Eocene gabbro •••• •••••••••••••••••••••••••••••••••••••• •••••••• •• 41 
Lamprophyre of uncertain age •••• ••••• ••••••••••• •••••••••• •••• •• • 42 

Hydrothermally altered rocks •••••••••••••• •••• •••• ••••••••••••••• • ••• 42 
Silicified zone of the L-D mine area •••••••••••••••••••••••• ••••• 43 
Silicified zone of Number Two Canyon ••• ••••• ••••• •• •••••••••••••• 44 
Hydrothermally altered rocks near Horse Lake Mountain •••••••••••• 44 
Age of hydrothermal activity ••••••••••••••••••••••••••••••••••• •• 45 

Deposits of Quaternary age •••••••••••••• •• •• ••••••••••••••••••••••••• 46 
Mass wasting and fluvial deposits composed primarily of 

basaltic material..................... .......... ............ . .. 46 
Deposits related to glaciation •••••••••••••••••••• ••••••••• •••• • • 48 

Flood deposits ••••••••••••••••••••••• •••• ••••••••••••••••••• 48 
Unconsolidated sand of flood or eolian origin ••••••• •••••••• 52 
Loess deposits ••• ••••••••• •••••••••••••• ••••••••• ••••••••••• 52 

Conglomerate of unknown origin •••••••••••••••••••••••••••••••••• • 53 
Volcanic ash ••••••••••• •••••••• •••••••••••• ••• ••••••••••• • ••• •••• 53 

Structural geology ............... . ... .. .............................. 53 
Post-Swauk, pre-Chumstick deformation •••••••••• ••••• ••••••••••••• 54 
Eagle Creek anticline and associated folds and faults •••••••••••• 54 
Post-Wenatchee, pre-Columbia River basalt deformation •• •••••••••• 55 

Pitcher syncline and structure at Dry Gulch ••••••••••••••••• 55 
Interpretation of the Pitcher syncline and Dry 

Gulch structure ••••.• .••.•.... • . •.•••••••.•••....•••. 56 
Northern continuation of thrust faults at Dry Gulch •••• ••• •• 59 
Thrusting across the Entiat fault ••••• ••••••••••• ••• •••••••• 60 
Displacement on thrust faults •••• •••••••••• •••••• •• ••• •••••• 60 

VI 



CONTENTS 
Page 

High-angle faulting •••• ••••••••••• •••••• •••••••••••••••• ••• • 62 
Complicated structure at upper Squilchuck Canyon ••••• •••• •.• 62 
Deformation coeval with emplacement of the Horse 

Lake Mountain intrusive complex •••••• •••••••••• •••••••• ••• 63 
Miscellaneous structures of uncertain age •••••••••••••••••• ••••• • 64 

Minor faults ........... ......... ............................ 64 
Unusual fold structure in the Nahahum Canyon Member 

of the Chumstick Formation ••• ••••••••••••••••••••••••••••• 65 
Internal shearing within the Chumstick Formation •••••••••.•• 66 

Regional tilt and erosional stripping of Wenatchee 
Formation............................................ .. ... ..... 66 

ColTITlents on the bounding faults of the Chiwaukum graben •••••••••• 66 
Entiat fault ••• ••••••••••••••••••• •••• ••• •••• •••• • ••••• ••• •• 66 
Leavenworth fault..................... .... .... . ............. 67 

Summary of geologic history ....•.. • •.•.•.•.•.•.••.....•.••• ••...•. ••• 67 
References cited •••••••••••••••••••••••••••••••••••••••••••••••.••••• 71 

VII 





Pl ate 1. 
2. 
3. 

Figure 1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

10. 

11. 

12. 

13. 

14. 
15. 

ILLUSTRATIONS 

Page 

Geologic map of the Monitor quadrangle, Washington ••••••• In pocket 
Geologic map of the Wenatchee quadrangle, Washington ••• •. In pocket 
Geologic cross sections of the Wenatchee, Monitor, 

Wenatchee Heights, and Malaga quadrangles, 
Washington ••.••••.••••••..••••••••••••••••••.••.•.••.• In pocket 

Generalized geology of the Chiwaukum graben in 
central Washington.................................... 2 

Stratigraphic columns for terranes within, and on 
either side of, the Chiwaukum graben.................. 3 

Schematic cross section of the eastern flank of the 
Cascade Mountains, showing maximal preservation of 
Wenatchee Formation and Columbia River basalt near 
Wenatchee, and effects of Cascade uplift and sub-
sequent erosion....................................... 3 

Generalized cross section through Chumstick Formation 
in northern part of Chiwaukum graben prior to 
folding............................................... 7 

Geologic sketch map showing lithologies of Chumstick 
Formation in central part of Chiwaukum graben near 
the northern end of Eagle Creek anticline............. 8 

Geologic map showing Wenatchee Formation unconformably 
overlying Swakane Biotite Gneiss on the Burch 
Mountain Road......................................... 24 

Possible origins for the Chiwaukum graben................ 54 
Evidence for two thrusts faults on the western limb 

of the Pitcher syncline............................... 56 
Two interpretations of structural relations at the 

Pitcher syncline...................................... 57 
Schematic diagram showing the improbability of 

generating the Pitcher syncline solely by move-
ment along two west-dipping thrust faults............. 57 

Block diagram showing the inferred geologic relations 
on and below an erosion surface that existed prior 
to deposition of the Wenatchee Formation.............. 58 

Proposed antithetical thrust faulting and reversal of 
thrust motion to explain the structural relations 
at the Pitcher syncline............................... 58 

Diagramnatical sections showing inferred structural 
development of the eastern border of the Chiwaukum 
graben between 19 and 34 m.y. ago..................... 59 

Profiles on the base of the Wenatchee Formation.......... 61 
Structural details of the post-Wenatchee northwesterly 

trending zone that control the Horse Lake Mountain 
intrusive complex..................................... 63 

IX 



Table 1. 
2. 
3. 

4. 

TABLES 

Criteria for distinguishing Swauk from Chumstick ••••••••••• 
Horse Lake Mountain intrusive complex, terminology •••••••.•• 
Potassium-argon ages of hornblende from the Horse 

Lake Mountain complex--all ages from hornblende 
an des i tes .•• ••••••.•.•.•••••.•••••.•••.•••••.•.••••••• , •• 

Potassium-argon ages of shallow intrusions in the 
Chumstick and Swauk Formations •••••• •• ••••• ••• ••• •••• ••• 

X 

Page 

16 
29 

37 

39 



GEOLOGY OF THE WENATCHEE AND MONITOR QUADRANGLES, 

CHELAN AND DOUGLAS COUNTIES, WASHINGTON 

By 

Randall L. Gresens 

INTRODUCTION 

PURPOSE AND SCOPE OF THE 
INVESTIGATION 

The major objective of this report is to 
describe the Cenozoic sedimentary and igneous 
rocks of the Wenatchee and Monitor 
quadrangles and selected adjoining areas and 
to discuss their significance to the 
depositional, igneous , and tectonic history of 
central Washington. The Cenozoic sedimentary 
units previously were grouped under a 
single designation--the Swauk Formation of 
Paleocene- Eocene age. Most of the rocks of 
the Wenatchee and Monitor quadrangles are 
now known to be younger. The relationship 
between the newly defined units, as wel I as 
their relation to igneous and tectonic events 
that have affected the area, leads to a 
detailed interpretation of the geologic history 
of the region from Paleocene to Miocene 
time. 

A secondary objective is to describe 
occurrences of various Quaternary deposits in 
the Wenatchee and Monitor quadrangles. 
These descriptions will supplement a more 
extensive regional report and interpretation of 
Quaternary geologic history that is under 
preparation by the U .S. Geological Survey 
(R. D. Waitt, personal communication). 

This investigation is primarily a field 
study supplemented with minor laboratory \\Ork 
and by petrographic descriptions reported by 
previous investigators. The author's interest 
in the area began Vvhi le he was conducting a 
University of Washington field course in 
September of 1973. Geologic relationships 
based on a compilation of student maps 

provided the impetus for further study. A 
total of about 6 months was spent in mapping 
the area during the summers from 1975 to 
1981. 

A large part of the area, Vvhich included 
the most complex geology, was mapped on a scale 
of 1 :12 , 000. The base map was a photographic 
enlargement of port ions of the Wenatchee, 
Wenatchee Heights, and Monitor 7 1/2-minute 
quadrangles. This area covered a northwest­
t rending belt west of the city of Wenatchee, 
about 5 miles wide and 8 miles long, extending 
from Wenatchee Heights on the southeast to the 
Wenatchee River on the northwest. This map is 
available as a Washington Division of Geology 
and Earth Resources open-file report (G resens, 
1975). An area east of the Columbia River in 
the Wenatchee quadrangle was mapped on enlarged 
air photos at a scale of 1 :12 ,000. The 
remainder of the Wenatchee and Monitor 
quadrangles was mapped using standard U.S . 
Geological Survey 1 :24,000 topographic maps. 
Al l the geology was finally compiled at a 
1 :24 ,000 scale (plates 1 and 2). 

REGIONAL GEOLOGIC SETTING 

The geology of central Washington is domi­
nated by the Ch iwaukum g raben ( Wi II is , 195 3) • 
The t'M> quadrangles reported here lie mainly 
within the southern part of the graben ( fig. 1). 
Fig. 2 shows the reg iona I st rat ig raphy. 

East of Wenatchee, u,its of early to middle 
Tertiary age are covered by the Columbia River 
Basalt Group of Miocene age; to the west, parts 
of the Tertiary mits have been removed by ero-
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GENERALIZED GEOLOGY OF 
::. THE CHIWAUKUM GRABEN 
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FIGURE 1. - Generalized geology of the Chiwaukum gra­
ben in central Washington. The area outlined as "andesite 
area" (Horse Lake Mountain complex) is shown in more 
detail in fig. 15. Reprinted from Gresens, R. L., 1982a, 
Early Cenozoic geology of central Washington State; 
I, Summary of sedimentary, igneous, and tectonic events: 
Northwest Science, v. 56, no. 3, fig. 1, p. 219. 

s ion following uplift of the Cascade Range ( fig. 
3). The southern part of the Chiwaukum graben 
on the east flank of the Cascade Range has 
retained a sufficiently detailed early to middle 
Tertiary stratigraphic record to establish an 
accurate early Tertiary history. 

PRE-LATE CRETACEOUS METAMORPHIC 
ROCKS - SWAKANE BIOTITE GNEISS 

Waters (1932) namedanextensiveterraneof 
metamorphic rocks, extending more than 100 km 
northwest from Wenatchee, as the Swakane 

gneiss. Crowder and others (1966) renamed the 
terrane that includes the type locality at 
Swakane Creek as the Swakane Biot ite Gneiss. 
The new name is restricted to relatively oomoge­
neous and uniform quartz-feldspar-biotite 
gneiss; heterogeneous schist and gne iss included 
under Waters' original definition are exc luded 
from the new name. Chappe 11 ( 193 6) and Page 
(1939) described the Swakane in several areas. 
The original general field and petrographic 
description of the oomogeneous rocks by Waters 
(1932, p. 615) is reproduced here. 

The rock is exceedingly well foliated and of 
fine grain. Indeed some of the finer-grained varieties 
may be classified either as coarse schist or fine­
grained gneiss. Megascopically, biotite is one of the 
most prominent minerals, but its conspicuousness 
is due largely to the fact that its flat flakes cover a 
large percentage of the cleaved surfaces of the rock. 
The biotite shows the deep reddish-brown pleochro­
ism regarded by Becke as characteristic of the mica 
in metamorphic rocks of the deepest zone. Quartz 
and feldspar are always present, and colorless mica 
and garnet can be found in varying quantities in 
practically all specimens. At some localities musco­
vite exceeds biotite in amount. In thin section 
quartz and feldspar are found to be present in about 
equal proportions. Both feldspars are present, but a 
plagioclase ( commonly a calcic oligoclase) usually 
predominates. In addition to muscovite and garnet, 
titanite, zircon, apatite, and magnetite are usually 
present in small amounts. 

In all specimens of the biotite gneiss the tex­
ture of the rock has been controlled wholly by re­
crystallizat ion. The minerals are fresh and clear, and 
they show the allotriomorphic and mutually inter· 
penetrating boundaries of a typical crystalloblastic 
rock. 

A representat ive specimen of the biotite gneiss 
from the east wall of the Columbia gorge opposite 
the mouth of Swakane Creek was measured by the 
Rosiwal method with the following results: 

Mineral 

Quartz 
Feldspar 
Biotite 
Muscovite 
Accessories 

Computed specific gravity 
Determined specific gravity 

Volume 
percentage 

43.9 
41.8 
13.3 

0.7 
0.3 

2.7 
2.67 

The feldspar in this rock is largely plagioclase 
(An29). The specimen shows a greater preponder­
ance of biotite over muscovite than is commonly 
the case. 

Waters (1932) described a nunber of minor 
metamorphic rock types locally intercalated 
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TIME(M.Y. ) SW OF GRABEN 
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with the predominant biot ite gneiss . These 
include marble, calc-silicate rocks, and 
a"l)h ibol ite. 

Quartzofeldspathic pegmatites and quartz 
veins are locally abundant in Swakane Biotite 
Gneiss. Waters (1932) describedthepegmatites 
as sill-like; that is, concordant to metamorphic 
foliation. The most abundant mineral is \\-hite 
feldspar (microperthite or orthoclase), some­
times intergrown with quartz to form graphic 
granite. Biotite and muscovite occur as large 
hexagonal plates, with biot ite predominant. 

CASCADE RANGE 

NE OF GRABEN 

YAKIMA BASALT 

MIOCENE BEDS 

WENATCHEE FM 

BASEMENT 
SWAKANE GNEISS 

FIGURE 2. - Stratigraphic columns for 
terranes within, and on either side of, 
the Chiwaukum graben. Reprinted from 
Gresens, R. L., 1982a, Early Cenozoic 
geology of central Washington State; 
I, Summary of sedimentary, igneous, 
and tectonic events: Northwest Science, 
v.56,no.3, fig.2,p.220. 

Garnet occurs locally. Some pegmatites have 
aplitic borders and quartz-enriched cores; some 
show multiple zoning patterns. 

SWAKANE BIOTITE GNEISS IN THE 
WENATCHEE QUADRANGLE 

Swakane Biotite Gneiss occupies an area in 
the northeast part of the Wenatchee quadrangle, 
including the terrain on both sides of the 
Columbia River. The metamorphic rocks were not 
a specific target of this investigation, and the' 

COLUMBIA PLATEAU 

..._ -- -- CITY OF 
::::: .:::::- - -CO - - WENATCHEE 

- :::: ~ ?b:0M..B1A RIVE;;- - - I 
-- :::::, ::::: .._ ,, BASA .__ ---. -- f 

ROSLYN FM":'.---- - :::: :::: :::= _JT_ - - - _ 
TEANAWAY BASALT 

SWAUK FM. 

---
CHUMSTICK FM. 

SWAK AN E GNEISS 
METAMORPHIC/ PLUTONIC 

BASEMENT 

WEST 

.,_CHIWAUKUM_. 
GRABEN 

EAST 

FIGURE 3. - Schematic cross section of the eastern flank of the Cascade Mountains, showing 
maximal preservation of Wenatchee Formation and Columbia River basalt near Wenatchee, 
and the effects of Cascade uplift and subsequent erosion. 
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summary reported here is primarily a conden­
sation from Chappell (1936). 

Chappell (1936, p. 31) estimated that at 
least 99 percent of the unit in the Wenatchee 
quadrangle is homogeneous biot ite gneiss as 
described by Waters. The only important excep­
tion is an occurrence of marble and amphibol ite 
at s W 1 / 4 sec • 1 O , T • 2 3 N • , R • 2 0 E. , a few 
hundred feet west of the mouth of a sma 11 ravine 
at the immediate north tx>rder of the Wenatchee 
quadrangle. Chappel I ( 1936, p. 34) reported a 
white calcite marble that occurs as a main len­
ticular body measuring about 100 ft in length 
and 25 ft in maximum thickness, as 'Ae 11 as 
several smaller layers averaging 6 ft in 
thickness. Associated with the marble are green 
calc-silicate bands and intercalated thin ~ayers 
of amphibol ite schist. Calc-si licates are com­
posed of epicbte group minerals, diopside, 
labracbrite and calcite; amphibolite schist is 
composed of black hornblende. 

A larger mass of amphibol ite in the same 
vicinity as the marble occurrence consists of 
pleochroic green hornblende, ol igoclase, quartz_, 
and porphyroblastic garnet. Hornblende 1s 
idioblastic; quartz and plagioclase are unevenly 
distributed, giving the rock a mottled 
appearance. Titanite is an abundant accessory 
mineral. 

Chappell (1936, p. 41-44)describedafew 
pegmat ite occurrences near the north tx>rder of 
the Wenatchee quadrangle that represent the 
southern fringe of a large pegmatite province 
described to the north by Waters (1932). 
Chappel I noted cross-cutting apophyses that con -
nect pegmat ite si II s. He described a pegmat ite 
having an aplitic core and pegmatitic tx>rders, 
which is the reverse of the generalized zoning 
reported by Waters. Chappel I presented 
petrographic evidence that pegmatite tx>rders are 
gradational on the microscopic level, even 
though they appear sharp in outcrop. 

FOLIATION IN THE SWAKANE BIOTITE GNEISS 

The general structure of gneissic foliation 
is a broad northwest-trending anticline whose 
axis coincides with the crest of the Entiat 
Range (the terrain just east of the Entiat 
fault) (Waters, 1932). The Swakane Biotite 
Gneiss within the Wenatchee quadrangle conforms 
to this structure except for local disruption 
along the Entiat fault zone or along subhorizon­
tal cataclastic zones that locally cut the unit 

(Chappell, 1936). 

CATACLASIS IN THE SWAKANE BIOTITE GNEISS 

Waters ( 1932) described cataclastic mylo­
nite zones that cut the Swakane Biotite Gneiss as 
essentially horizontal layers, which he referred 
to as thrust faults. Apparently they are not 
very obvious in the field, appearing as a 
sugary-textured variety of metamorphic rock or 
resembling an altered rhyolite; but the 
cataclastic texture is striking in thin section 
(Waters, 1932). They lack post-cataclastic 
rec rystal I izat ion but may contain calcite and 
retrograde chlorite. 

Chappell ( 1936 ) felt that cataclasticdefor­
mat ion is not as 'Ae 11 rep resented with in the 
Wenatchee quadrangle. However, he reported an 
occurrence of a cataclastic breccia of Swakane 
Biotite Gneiss exposed for a length of about 300 
ft in a smal I ravine at the eastern pa rt of sec. 
6, T. 23 N., R. 20 E. Within the zone there are 
disoriented angular fragments of gneiss 
averaging 6 to 10 inches across. Chappell 
believed that the zone may be a continuation of 
a large thrust mapped by Waters. A peculiar 
fragmental rock noted during the present 
investigation at the junction of t~ drainages 
at SE 1/ 4 sec. 14, T. 23 N., R. 20 E. may be 
another example of cataclast ical ly deformed 
gneiss in the Wenatchee quadrangle . 

ORIGIN AND AGE OF THE SWAKANE 
BIOTITE GNEISS 

The protolith of the Swakane Biotite Gneiss 
is a matter of some debate. Waters (1932) 
believed that its overal I composition and the 
occurrence of obvious sedimentary protoliths 
such as marble support a sedimentary origin. C. 
A. Hopson, as quoted in Mattinson (1972, P• 
3771), suggested that biotite gneiss is _deri~d 
from rhyodacitic volcanic or \Olcaniclast1c 
rocks. Chappell (1936) favored a sedimentary 
origin for biot ite gneiss of the Wenatchee 
quadrangle, based in part on the occurrence of 
marble and an outcrop of what he considered to 
be relict sedimentary boulders as large as 3 1/2 
feet in longest dimension. The tx>ulder 
occurrence in gneiss is described as being 1 
mile west of the Colunbia River at the northern 
border of the Wenatchee quadrangle, in sec. 9, 
T. 23 N., R. 20 E., located in the scoured rocks 
of a creek bed above a smal I waterfal I. 



Sedimentary and Extrusive Igneous Rocks of Cenozoic Age 5 

The age of the Swakane Biotite Gneiss is not 
wel I known. Based on comparative metamorphism 
of rocks within the region, Waters (1932, p. 
608) considered it to be pre-Ordovician. 
Mattinson (1972) displayed an unusual pattern of 
three data points oo a U- Pb concordia plot for 
zircon samples from Swakane Biotite Gneiss. He 
favored a highly interpretive explanation of 
crystallization of the zircons at a time greater 
than 1,650 m.y.b.p., followed by metamor­
phism at 415 m.y.b.p. I follow Tabor and others 
(1980) in simply considering Swakane Biotite 
Gneiss as pre-Late Cretaceous. 

There is no hard evidence for the timing of 
cataclastic deformation in the biotite gneiss. 
In roadcuts at lower Corbaley Canyon just east 
of the town of Orondo (secs. 27 and 28, T. 25 
N., R. 21 E., in the Entiat 71/2-minutequad­
rangle), felsic dikes dated at 47.5 m.y.b.p. 
(Gresens, 1982b) are cataclastically mixed with 
Swakane Biot ite Gneiss. The orientation of the 
catac last ic zone is rot known, and it cbes not 
rule out the possibility that older cataclastic 
deformation could have occurred prior to intru­
sion of felsic dikes. However, thrust faults are 
known to be associated with post-34 m.y.b.p. 
deformation (see section on structural geology 
of Cenozoic rocks), v.hich \\Ould support the 
interpretation that mylonitic and brecciated 
zones within biotite gneiss could be middle to 
late Cenozoic structures. 

SEDIMENTARY AND EXTRUSIVE IGNEOUS 
ROCKS OF CENOZOIC AGE 

SWAUK FORMATION 

The Swauk Formation was named by Russell 
(1900, p. 118-119) for sedimentary rocks along 
Swauk Creek in the Mount Stuart 15-minute 
quadrangle; Smith ( 1904) and Smith and Cal kins 
( 1906) extended the def in it ion to include rocks 
to the south and west. Numerous investigations, 
reviewed by G re sens ( 1 9 77 ) and Tabor and 
Frizzell (1977), used the name Swauk to include 
rocks of the Chiwaukum graben. Most of the 
rocks of the graben are now termed Chumstick 
Formation (Gresens and others, 1981). In this 
restricted sense, the Swauk Formation is defined 
as the rocks of the original type section and 
similar rocks to the west that ooconformably 
underlie the Teanaway volcanic rocks. The rmst 
recent 'M>rk on the Swauk by Tabor and Frizzel I 

( 1977) is the basis for the general description 
that follows. 

GENERAL DESCRIPTION 

Most of the Swauk is dark-colored lithic to 
a rkos ic sandstone. At the type sect ion, th in to 
thick sandstone beds are interbedded with dark 
carbonaceous siltstone and shale. Sandstone is 
commonly crossbedded, and pebbly sandstone and 
conglomerate are typically present. The unit is 
moderately indurated. A fluvial depositional 
environment is inferred. Conglomerates, with 
clasts ranging from boulder to pebble size, 
locally compose up to 50 percent of the section. 
Some are interpreted as fanglomerate (alluvial 
fan deposition ) . Granitic and metamorphic 
clasts cbminate in some rocks, whereas others 
are composed mostly of clasts of felsic \Olcanic 
rocks. Serpentine-bearing fanglomerate asso­
ciated with lateritic ironstone is present where 
the Swauk rests unconformably oo ultramafic 
rocks. A shaly facies, which consists of thinly 
and evenly bedded alternating shale and 
sandstone with only rare conglomerate, indicates 
lacustrine deposition. The youngest part of the 
section contains interbeds of lighter-colored, 
more thickly bedded, and more quartzose 
f eldspathic sandstone that resembles sandstone 
of the Chumstick Formation. 

SW AUK(?) ROCKS IN THE WENATCHEE AND 
MONITOR QUADRANGLES 

A sedimentary unit, which the author 
considers to be significantly older than the 
Chum stick Formation, is present in the 
southern part of the erosionally breached core 
of the Eagle Creek anticline (fig . 1). 
Although they are labeled as Swauk in fig. 1, 
the assignment of these rocks to the Swauk 
Format ion is in dispute. They are shown qn 
the U.S. Geological Survey map of the 
Wenatchee 1 : 100,000 quadrangle as Chumst ick 
Formation (Tabor and others, 1982), which 
the author believes is an incorrect 
designation. The unit is described here, and 
the significant differences between it and the 
Chumstick Formation are summarized in the 
section fol lowing the description of the 
Chumstick. 

The rocks considered as possibly 
belonging to the Swauk Formation occur in a 
northwest-trending belt about 6 miles long 
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and 1 1/2 miles in greatest width, extending 
from sec. 25, T. 23 N., R. 1 9 E., to sec. 
22, T. 22 N. , R. 20 E. The unit <hes not 
crop out well. The best natu ra I exposures 
are on the north side of Number One Canyon 
just south of the center of sec. 6, on the 
north side of Number T'M> Canyon along the 
western border of sec. 8, and at a smal I 
exposure on the south side of Number T'M> 
Canyon in the NE 1/ 4 sec. 17 (T . 22 N., 
R. 20 E.) • Some of the best art if ic ial 
exposures are at a roadcut in NW 1/4 sec. 
16, immediately southeast of Hill 1946, a 
roadcut on the east side of the mouth of Dry 
Gulch in northern sec. 21 , several roadcuts 
in the terrain west of Rooster Comb in NW 
1/4 sec. 22, and a small prospect cut on 
the north side of Squilchuck Canyon, west of 
the silicified mine rock, in SW 1/ 4 sec. 22 
( T. 22 N., R. 20 E.). 

The rocks are chminantly wel I-bedded and 
thin-bedded arkosic sandstone with abundant 
pebble, cobble, and boulder conglomerate and 
with thinner shale and siltstone interbeds. 
Color ranges from light gray to dark gray to 
nearly black, with darker colors associated 
with fine r-g rained units. The rocks are 
cemented with carbonate, and fresh 
exposures, such as below Chopper Hill on the 
north side of Number T\\O Canyon, are 
strongly indurated, even in the shaly u,its. 
A hammer rebounds when the rock is st ruck, 
and fractures cut across clasts of crystalline 
rocks that are firmly cemented in an arkosic 
matrix. 

Bedding thickness varies from one locality 
to another, but generally the sandstone occurs 
in beds 1 to 6 ft thick, rarely exceeding 8 ft. 
Conglomerate beds or conglomeratic portions of 
sandstone beds are somewhat thinner, rarely 
exceeding 5 ft in thickness . Siltstone and 
shale beds have thicknesses typica I ly measured 
in inches and seldom exceed 1 foot. 

Most of the sandstone is poorly sorted, 
medium- to coarse-grained, and may grade into 
pebbly conglomerate. Some beds are graded from 
a conglomeratic base to a thicker sandstone por­
tion to a thin siltstone top . Cross-bedding is 
typically absent to only faintly visible in most 
sandstone, but siltstone tops of beds frequently 
show fine cross-laminations. Some arkose seems 
to have a higher proportion of clay-sized 
matrix, giving it a darker color. At exposures 
in NE 1 / 4 sec. 17, T. 22 N. , R. 2 0 E., there are 

repeated alternations of beds of the more typi­
cal arkose and beds of clay- rich arkose . In 
many of the exposures, a bed very rich in clay 
contains angular grains and lithic fragments up 
to 1 /2-inch diameter in a rrudstone matrix. 
Because of limited stratigraphic thickness at 
any one exposure, it is not known whether this 
is a single distinctive bed or a repetition of 
the lithology at several stratigraphic horizons. 
The thickness of this bed varies somewhat, but 
it is typically 3 to 4 ft thick. 

Conglomerate clasts are chminantly plutonic 
and gneissic varieties of granodiorite. Clasts 
of quartz and a minor amount of fine-grained 
dark metamorphic rocks are represented; no 
clasts of -.olcanic origin were noted. The 
mineralogy of the sandstone reflects the same 
source terrane as the conglomerate; it is rich 
in plagioclase feldspar, quartz, and biotite. 

Sandstone grains are angular to subangular. 
Conglomerate clasts are rounded to subrounded. 
The coarser conglomerates typically have clasts 
ranging from 1/2 to 1 foot in diameter, but some 
exceptionally coarse material, with clasts up to 
2 1/2 ft in diameter are present in a smal I 
outcropping just north of Chopper Hill in the NE 
cor. sec . 7, T. 22 N., R. 20 E. 

Fossi I plant material is rare and poorly 
preserved. Some unidentified leaves of decid­
uous trees were noted in exposmes south of 
Chopper Hill in sec. 8, T. 22 N., R. 20 E. At 
th is loca I ity, sedimentary structures that 
appear to be filled holes of small burrowing 
organisms are perpendicular to bedding planes in 
s i It stone and sandstone. The exposure in NE 1 / 4 
sec. 17, T. 22 N., R. 20 E., has fragments that 
appear to be derived from palmetto fronds, 'Mlich 
a re oommon in the type section of the Swauk. 

Thick veins of coarsely crystalline calcite 
a re typical of this belt of rocks. Veins are 
commonly 1 /2 to 1 inch thick, and some are over 
2 inches thick. 

Because of the high clay content and car­
bonate cement of some sandstones, the rock 
weathers readily, and rruch of the Swauk (? ) 
terrane consists of grassy slopes. Nonetheless, 
the unit may be identified by the abundance of 
residual conglomerate clasts and their com­
position (plutonic and gneissic granodiorite, 
and no -.o lean ics) , fragments of veins of coarsely 
crystalline calcite, and a carbonate-rich soil 
that reacts with acid. 

The depositional environment represented by 
these rocks is enigmatic. The thinness and 
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evenness of the beds and the lack of pronounced 
cross-bedding, cut-and-fill structure, or rip-up 
clasts suggest a lacustrine rather than f luvial 
environment , but lacust rine rocks are usu a I ly 
characterized by fine grain size rather than the 
coarse lithologies represented here. Perhaps the 
rocks 'Aere mudf lows from a nearby highland 
source that moved into a sha I low I ake • 

CHUMSTICK FORMATION 

Earlier investigators suggested that t'M> 
a rkosic units are present in the area ( Russel I, 
1900; Alexander, 1956); however, the definitive 
investigation included radiometric dating of 
tufts recognized by 'Mletten in the younger unit 
(Gresens and others, 1981). The younger arkosic 
unit is row formally separated from the Swauk 
Formation and redesignated the Chumstick 
Formation (Gresens and others, 1981 ). The 
Chumstick was deposited within the Chiwaukum 
graben contemporaneously with its subsidence 
( fig. 4), and most of the rocks now occ·upying 
the area of the Chiwaukum graben are Chumstick 
Formation (fig. 1). The following general 
description is based on Whetten' s ( in G resens 
and others, 1981) definition of the unit at the 
type and reference sect ions. 

GENERAL DESCRIPTION 

The Chumstick Formation is a thick section 
of interbedded sandstone, shale, and conglo­
merate that was deposited in environments that 
range from f luvial to lacustrine. The most com­
mon I ithologies are sandstone, pebbly sandstone, 
and conglomerate, which occur together in 

Chiwaukum Schist of Page (1989) 
Ingalls Tectonic Complex 
Mount Stuart Granodiorite 

massive beds. Shale is· less abundant except in 
the Nahahum Canyon Member, which is designated 
as a separate facies. Clasts in the conglomera­
t ic and pebbly beds include foliated metamorphic 
rocks, felsic \Olcanic rocks, and vein quartz in 
various proportions. The sandstones are 
feldspathic, biotite-rich, and reflect the same 
generally gneissic source terrane as the conglo­
merates. The sandstone is locally zeolitized 
with laumontite and, less commonly, cl inop­
tilolite. Sedimentary structures of fluvial 
origin include imbrication in conglomerates, 
graded, cross-bedded, and channeled sandstone, 
rare ripple marks and flute casts, and organic 
remains such as leaves, branches, and logs. 
Minor coal seams and lenses occull' locally. 

Tufts interbeddedwithin the lowerChumstick 
rocks have proven to be extremely useful marker 
beds that delineate the stratigraphy and struc­
ture of the unit. They include ooth ash flow 
and ash fall tufts, and some show local evidence 
of sedimentary rev.orking . The average thickness 
is about 20 ft, but a thickness of 35 ft is 
noted at ooe loca I ity. They range in color from 
shades of gray to green, but tend to 'Aeathe r 
white. Zeolitization ranges from minor to 
extensive. Some are sufficiently distinctive 
and continuous in outcrop that they have been 
assigned names and serve as the most useful 
marker beds. 

The Nahahum Canyon Member is an ~per 
lacustrine facies that presumably reflects the 
final filling of the Chiwaukum graben. It is 
composed mostly of shale and sha ly sandstone, 
but includes some sandy tu rbidites. It cbes not 
crop out wel I, and the unit is prone to 

I 

Swakane Biotite 
Gneiss 

FIGURE 4. - Generalized cross section through the Chumstick Formation in the northern 
part of the Chiwaukum graben prior to folding [ not drawn to scale] . From Gresens and others 
(1981, fig. 4, p. 848). 



8 Geology of the Wenatchee and Monitor quadrangles 

landsliding. The Nahahum facies is largely 
restricted to the eastern side of the Chiwaukum 
graben where it is in fault contact with the 
gneissic core of the Eagle Creek anticline, but 
it has been mapped conformably on lower 
Chumst ick farther north in the graben. 

Near major fault zones, including the 
bounding faults of the Chiwaukum graben, very 
coarse conglomerates interfinger with the more 
typical Chumstick rocks. They tend to reflect 
the lithologies of nearby crystalline terranes, 
and are interpreted as remnants of alluvial fans 
( fanglomerates) shed into the subsiding graben 
from adjacent crystal line fault blocks. Parts 
of these resemble typical conglomerate of lower 
Chums tick, and some of them interfinger with 
lacust rine facies ( Nahahum Canyon Member ) . 

CHUMSTICK ROCKS IN THE WENATCHEE AND 
MONITOR QUADRANGLES 

LOWER CHUMSTICK ROCKS 

As in the type area, rocks on the west flank 
of the Eagle Creek anticline (fig. 5) are lower 
Chumstick Formation. Though broken by one major 
fault zone and though having minor variations in 
strike, they essentially form a monotonous 

,..___._'"__.o~__.' Ml. t 
ff ' tn o 'Km. 

EXPLANATION 
Chumslick Formotion 

homocl inal sequence of feldspathic sandstone and 
interbedded shale dipping west to southwest from 
the Eagle Creek anticline to the western oorder 
of the Chiwaukum graben. The total stra­
tigraphic thickness across this expanse is esti­
mated as 1 8, 000 to 20 , 000 feet. The 
stratigraphical ly lowest rocks are closest to 
the Eagle Creek antic I ine, but they cannot be 
observed resting unconformably on Swauk (?) 
rocks. At the type locality, Whetten ( in 
Gresens and others, 1981) noted that a distinc­
tive red bed fanglomerate marks the base of 
Chumstick Formation resting depositionally on 
Swakane Biotite Gneiss. Failure to observe an 
analogous distinctive basal unit in the 
Wenatchee-Monitor area is due to one or more 
causes. The red bed fanglome rate in the type 
area must represent weathered Swakane Biotite 
Gneiss; weathered Swauk ( ?) Formation 'AOuldnot 
produce a similar unit. The probability of 
exposure of a depositional contact is not high 
because both Swauk (? ) and Chumst ick arkoses 
weather readily and crop out poorly . The uncon­
formity between Swauk(?) and Chumstick was at 
least locally im,olved in later tectonic move­
ments and has been disrupted and silicified. 
The latter rel at ion ship is best displayed on the 

120° 22'30' 
E., Sholy Sandslont, Shalt ~ 
G::j ( Nohohufh Canyon Me mber) iliiJ Sandstone, Con9 tomero1e m Con9tomttalt 1 Fon9loffterote 

FIGURE 5. - Geologic sketch map showing lithologies of the Chumstick For­
mation in the central part of the Chiwaukum graben near the northern end of 
the Eagle Creek anticline. From Gresens and others (1981, fig. 3 , p. 847) . 
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north side of Number Two Canyon in SW 1 /4 sec . 
7 , T • 2 2 N • , R • 2 0 E • , and SE 1 / 4 sec • 12 , T • 2 2 
N., R. 19 E. Here, the nearest exposures of 
Swauk (? ) and Chum stick, about 1 , 500 ft apart, 
are structurally discordant and are separated 
by a tabular body of brecciated and silicified 
rock that parallels bedding in the Chumstick . 
The si licified zone is interpreted as a sheared 
and silicified unconformity, and the Chumstick 
rocks are considered to be essentially basal 
Chum stick Format ion. 

Lower Chumstick rocks that most closely 
resemble those in the type area, in terms of a 
relatively high proportion of conglomerate, are 
exposed just west of the Eagle Creek anticline 
in the Wenatchee Heights quadrangle on the 
northwest side of Stemilt Canyon in S 1/2 sec, 
25, T. 22 N., R. 20 E. Here the Chumstick 
sandstones lying below the Wenatchee Formation 
are rich in coarse conglomerates with abundant 
clasts of felsic \Olcanic rocks. In contrast, 
most of the lower Chumstick between the Eagle 
Creek anticline and the Leavenworth fault is 
relatively poor in conglomerate, with clasts 
that are typically pebble-sized rather than 
cobble-sized or larger. A few beds of coarse 
conglomerate, with clasts up to 4 inches in 
diameter, occur in the lowermost part of the 
sect ion, for exalll> le in the upper reaches of 
NumberOneCanyoninsecs . 1 and2, T . 22N., R. 
19 E. 

Pebbly conglomerates have highly variable 
clast CO!ll>Osition. Some are completely lacking 
the felsic \Olcanics that are generally abundant 
in coarser conglomerates. Various proportions 
of gneissic and plutonic granitic clasts, dark 
chert, and vein quartz are usually represented, 
as wel I as a major to minor proportion of felsic 
volcanics. 

Massive sandstone beds are identical in 
lithology and sedimentary characteristics to 
those of the type area. Sandstone is often 
carbonate-bearing, and calcite occurs both as 
minor fracture fillings and in concretions. 
Shales and siltstones are ooly poorly repre­
sented in beds ranging from a few inches to 
several feet thick. Most are poorly indurated 
and range from light gray to dark brown in 
color. In a few localities, black shales, some 
with wel I-preserved leaf fossi Is, are present, 
such as along the road to Horse Lake Mountain in 
sec. 1 O, T. 22 N . , R. 19 E., and along a logging 
road at the northern Ix> rde r of sec. 3 , T. 2 2 N. , 
R. 19 E. 

The Leavenworth fau It zone appa 1rent ly does 
not cross the Monitor quadrangle. The homocli­
nal sequence of lower Chumstick rocks has been 
noted in the far southwest corner of the 
quadrangle, at the SE cor. sec. 19, T. 22 N., 
R. 19 E. , and this occurrence is probably 
northeast of the Leavenworth fault zone by no 
more than a few hundred feet. The Devi I's Gulch 
Trail, in sec. 19, T. 22 N., R.19 E., in the 
adjacent Liberty 15-minute quadrangle, is a good 
location to observe the transition into the 
Leaven'M>rth fault zone. The homocl inal ly 
dipping Chumst ick beds, which at this point are 
stratigraphically high in the section, end 
abruptly. The next wx>d exposures, on the north 
slopes in the northern ha If of sec. 19, a re com­
posed of Chumst ick sandstone with inte rbeds of 
coarse conglomerate, and they have variable 
strike and dip that is discordant to the 
homoc I inal sequence. The conglomerate occurs in 
massive beds up to 10 ft thick and the aggregate 
conglomerate thickness must exceed 80 ft. The 
clasts are mostly well rounded, but sorting is 
poor . The average size of the larger clasts is 
about 3 to 4 inches in diameter, but clasts up 
to 7 inches and ranging down to pea size are 
present. Clast composition is dominantly of 
volcanic varieties, although some thin-banded, 
fine-grained , low-grade siliceous metamorphic 
rocks are present . Some conglomerate beds are 
composed almost entirely of basaltic clasts in a 
dark-green colored matrix. Other beds contain 
abundant andesitic to rhyolitic clasts in addi­
tion to basalt. In massive sandstone underlying 
the thick conglomerates, there are thinner, 1-
to 2-foot beds, of conglomerate composed 
entirely of clasts of felsic \Olcanic rocks, 
including some porphyritic varieties. These 
conglomeratic rocks are believed to be a tec­
tonic slice of lower Chunstick rocks along the 
Leavenworth fault zone. The most probable 
source for the basaltic clasts is Teanaway 
Basalt, and the basaltic conglomerates are 
interpreted as monolithologic fanglo,merate of 
Teanaway Basalt analogous to serpentine and 
granodiorite fanglomerates that interfinger with 
Chums tick sandstones farther north along the 
Leavenworth fault zone (Cashman and Whetten, 
1976). 

Another exposure of basaltic material occurs 
just east of the center of sec. 19, on the 
slopes below the Mission Ridge Trail . It is a 
chaotic mixture of angular basalt blocks that 
range in size from a few inches to several feet . 
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Some blocks are vesicular. The material is 
highly altered and zeol itized, and many of the 
vesicles are filled with secondary minerals. 
The basaltic unit is interbedded with Chumstick 
sandstone. Tabor and Frizzell (1977) 
interpreted these rocks as a distal tongue of 
volcanic breccia of Teanaway Basalt, with the 
inference that Teanaway volcanism overlapped 
Chumstick deposition. Although this interpreta­
tion may be correct, the presence of the nearby 
basaltic fanglomerate suggests that an alternate 
interpretation is at least possible. The rocks 
could be mass wasting debris derived from 
Teanaway Basalt and could be more-or-less coeval 
with fanglomerate deposition. In this case , the 
breccia could significantly postdate the actual 
time of Teanaway \0 lean ism. 

TUFF UNITS IN LOWER CHUMSTICK ROCKS 

At least six distinct tuff beds, and perhaps 
seven or more, occur in the lower Chumstick in 
the Monitor quadrangle. Only t'M>, those in the 
far northwest corner of the quadrangle, are con­
tinuations of units of Whetten and Waitt (1978) 
that were traced to the southern border of the 
adjacent Cashmere quadrangle. At least four 
others are stratigraphical ly lower than any of 
the tufts mapped by Whetten and Waitt . In 
contrast to the thick tuf f beds in the northern 
part of the Chiwaukum graben, those in the 
Monitor quadrangle tend to range from 1 to 4 ft 
in thickness, and the maximum observed thickness 
is only 7 ft. Because the tuf fs are important 
as key marker beds, they are described below in 
detail. In general, individual beds may vary 
considerably along strike due to local 
variations in the fluvial and lacustrine deposi­
tional environments and in post-depositional 
alteration. Tufts locally grade into tuffaceous 
sandstone along strike, and some are overlain by 
flaggy, resistant, apparently tuffaceous, 
sandstone. 

There is some minor confusion in the 
designation of tuff units on previous maps. 
Whetten and Laravie ( 1976) mapped two major 
tuft units in the type Chumstick area and 
designated them Tt1 and Tt3; these were later 
given special names, the Eagle Creek tuft and 
Zeol ite tuft, respectively ( see G resens and 
others, 1981). A less prominent tuft, Tt2, 
occurs stratigraphically between them . Whetten 
and Waitt (1978) designated tv.o tuft units in 
the Cashmere 7 1/2-minute quadrangle as Tt1 and 

Tt2. They continue into the Monitor quadrangle 
but are stratigraphical ly lower than units with 
the same designations in the Eagle Creek area. 
On the Chiwaukum 4 SE quadrangle, Whetten 
( 1980) designated the continuation of Tt 1 from 
the Cashmere quadrangle as Tte. The scheme 
adopted in this report is to designate al I tuf fs 
•Tct• for ·Tertiary Chumstick tuft,• but also to 
add geographical letter codes to signify the 
tuffs of Mission Creek (Tctm), Yaxon Canyon 
(Tcty), Fairview Canyon (Tctf), Horse Lake 
Mountain area (Tcth) . Minor tuft occurrences 
are located in the Wenatchee Heights and Mission 
Peak quadrangles. Within each group, numerical 
subscripts are added as necessary. 

MISSION CREEK T UFF$ 

A pair of tuffs, separated by about 800 
to 1 , 000 feet of stratigraphic thickness are 
present in the Mission Creek drainage; one of 
them crosses the valley floor. Tctm2, the 
westernmost, stratigraphical ly highest bed, is 
the same as n 2 on the Cashmere quadrangle 
(Whetten and Waitt, 1978). Tctm1 is their 
n 1 • Tuff Tctm1 was traced about 2 .s 
miles along its length in the Monitor 
quadrangle and has a total length of about 
6.3 miles when the Cashmere (Whetten and 
Wa itt, 197 8) and Ch iwaukum 4 SE ( Whetten 
1980) quadrangles are taken into account. 
Tuff Tctm2 was traced 1.4 miles in the 
Monitor quadrangle and has nearly 2 miles 
total length when the Cashmere quadrangle is 
included; uni ike Tctm1 , it was not found 
north of the Wenatchee River. 

Tuff Tctm2 is highly variable, both 
across and along bedding. It is 4 ft thick at 
an excel lent exposure on the north side of 
Woodring Canyon in sec. 8, T. 23 N., R. 
19 E. The basal 6 inches are rmtt led due to 
whiter fragments (mm to cm size) in a 
generally light-gray, fine-grained rock. 
These are presumed to be pumiceous clasts. 
The basal portion also contains abundant \\OOd 
charcoal chips and other plant material . The 
remainder is more fine grained and uniform in 
appearance, with local fine bedding indicating 
that it has been partially water-v.orked. The 
bedding is defined by mm-size layers of 
slightly darker-gray color; biotite flakes, 
indicative of detrital admixture, occur on 
bedding planes. The t..pper foot or so of the 
bed is particularly rich in detrital admixture. 
The bed has been fractured, and a pink 
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zeolite lines and fills the resulting cavities 
with crystals several mn in length. As the 
bed is traced downslope into Woodring 
Canyon, it changes along strike into a flaggy 
sandstone in which the pink zeol ite ront inues 
to be abundant • 

At the next good exposure, in Tripp Canyon 
just south of Hill 1841, the tuft bed is 6 ft 
thick. There is ll'l.lch fine banding and detrital 
admixture (as indicated by biotite flakes). The 
mottled port ion is absent, as are the pink 
zeol ites. It is overlain by 10 ft of flaggy 
sandstone. At the bottom of Tripp Canyon, the 
mottled fades with abundant plant and charcoal 
fragments reappears, and pink zeol ite is per­
vasive. At the southernmost point that tuff 
Tctm2 is mapped, just south of Slawson Canyon, 
no actual tuff is present, but a f laggy 
sandstone here rontains abundant pink zeolites. 
This tuff unit clearly represents ash fall, in 
part pumiceous, that was deposited in a f luvial 
environment, was partly rev.orked and con­
taminated with detrital sediment, and locally 
was rorrpletely obliterated by stream action. 

Tuff Tctm1 is more uniform than Tctm2 over 
most of its length in the Monitor quad rang le. 
It is about 6 ft thick at an exce I lent exposure 
on the north side of Woodring Canyon. It is 
uniformly fine grained, brittle, and highly 
fractured. The color is a medium gray, darker 
than tuff Tctm2, and has a faint greenish cast. 
Some \ery faint banding and a few small flakes 
of detrital biotite are present. At the mouth 
of Tripp Canyon, the thickness remains about 5 
to 6 ft, the rock remains uniformly fine 
grained, but the rolo r is I ight gray. On the 
east side of Mission Creek, in sec. 20, T. 23 
N., R. 19 E., the light-gray tuff is exposed on 
a dip slope, and thickness cannot be determined. 
There is evidence of significant water-v.orking, 
including fine bedding, abundant detrital admix­
ture, and plant fragments. At the center of 
sec. 20, tuft Tctm1 is less than a foot 
thick. 

YAXON CANYON TUFFS 

A pair of prominent tu ffs, Tcty 1 and Tcty 2 , 
separated by 500 to 900(?) feet of stratigraphic 
thickness, are present in Yaxon Canyon in secs. 
9, 16, 21 , 28, and 33, T. 23 N., R. 19 E. A 
third tuff, Tcty3, occurs discontinuously to the 
east, separated from T cty2 by about 400 to 600 
ft of stratigraphic thickness. Tcty1, the most 
westerly of the Yaxon Canyon tufts, is separated 

from Tctm1, the most easterly of the Mission 
Creek tufts, by about 2,000 ft of stratigraphic 
thickness. Tcty1 and Tctvi were each traced 
about 3 miles. Short segments of TctY3 define a 
maximum length of 2. 5 miles from the northern to 
the southern extremity, but about 2 miles of 
tuff are missing or not exposed between the 
extreme occurrences. 

Tuff Tcty1 is generally thin, typically about 
2 ft thick. Maximum observed thickness is 3 
ft in the northernmost exposures; it is less 
than a foot thick 'M'le re last observed to the 
south. Most tufts in the Monitor quadrangle are 
sufficiently fine grained that they have 
mudstone texture and a waxy to lustrous fracture 
surface 'M'len wetted. Tuff Tcty1 differs in 
having a more silty texture, and freshly frac­
tured surfaces have a dull, somewhat porous 
appearance. Over most of its length, the tuft 
varies in color from very white with scattered 
flecks of yellowish brown ( limonit ic blebs) to a 
light-yet lowish tan 'M'len limonite is more widely 
dispersed. Natural fracture surfaces are typi­
cally limonite stained. Minor detrital admix­
ture is typically indicated by scattered biotite 
flakes, but plant remains are rare. The thicker 
northerly exposures are more grayish-colored, 
less limonitic, and have a greater abundance of 
detrital admixture and plant remains. This tuff 
lacks the fine internal laminations indicati\e 
of water-v.orking in many other tufts. 

Tuff Tctvi is generally thin, varying from 3 
to 4 ft thick at the most rortherly exposures to 
about 2 ft thick at the southern end.. Typically 
it is very fine grained and uniformly textured, 
with ro evidence of significant detrital admix­
ture or water-v.orking. The best and freshest 
exposure is at a roadcut th rough a dip slope on 
the east side of Yaxon Canyon, just above valley 
floor, north of the center of sec. 16. The 
color here varies from a creamy light brownish­
g ray to olive drab. Pink zeol ite loca I ly coats 
fracture surfaces. In most other exposures the 
rock is weathered to various shades of tan and 
yellowish brown. Along a flat, north-trending 
ridge rorth of Hill 2451 in sec. 28, a 1 
1 /2-foot-thick bed of typical tuff grades upward 
into 3 to 3 1/2 ft of fissile, apparently tuff­
aceous, gray siltstone. This is overlain by an 
unusual dark-gray biotitic sandstone, 'M'lich is 
in tum overlain by about 1 foot of fine-grained 
and finely laminated tuft. Rather than t>M> closely 
spaced eruptive events, this is interpreted as 
local washing of tuft-laden sediment and redepo­
sition of tuff onto the original ash fall. 
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Tuff Tcty3 is poorly exposed and 
apparently never more than about a foot 
thick. At the best exposures in the NE 1/4 
of sec. 16, it is a uniformly fine-grained, 
light-gray brittle rock . At the poorer, 
southerly exposure in the NE 1/4 of sec. 28, 
it includes some tuff of greenish-gray color, 
and it has abundant fracture fillings of pink 
zeolite. 

FAIRVIEW CANYON TUFF 

The Fairview Canyon tuff, Tctf, which 
occurs in secs. 22, 23, and 26, T. 23 N., 
R. 19 E., is the stratigraphically lowest tuff 
unit. It is separated from Tcty3 , the 
easternmost Yaxon Canyon tuff, by 4,200 to 
4,400 ft of stratigraphic thickness. It has 
been traced a total length of about 1 1/2 
miles . The tuff is poorly exposed, ranges 
from about a foot to somewhat less than 3 ft 
in thickness, and is variable in color, 
bedding, and detrital content. The thickest 
and best exposure just north of a minor 
drainage at the eastern 1:x>rder of sec. 22 is 
pure white, uniformly fine-grained tuff having 
a porcelainlike appearance. Elsewhere, 
light-gray tuff has fine bedding and medium­
gray tuff has abundant biotite flakes and 
some plant remains. 

HORSE LAKE MOUNTAIN TUFFS 

Several small, isolated tuff exposures of 
uncertain stratigraphic position are present in 
the Horse Lake Mountain area in secs. 3, 10, and 
14, T. 22 N., R. 19 E. None have been traced 
mo re than O. 4 mile • 

A new logging road (summer, 1979), w,ich 
does not appear on the U.S. Geological Survey 
7 1/2 minute Monitor quadrangle (1966), makes a 
sharp bend around a prominent north-northwest­
trending ridge at the extreme rorth 1:x>rder of 
sec. 3. Tuff T cth1 , which is repeated by a 
smal I fault, is exposed in roadcuts about 150 
ft southeast of the sharp bend and about 1 , 000 
ft south of the bend where the road turns 
abruptly to the west. It is 4 1 /2 ft thick at 
the first locality and 7 ft thick at the second 
locality. The unit cannot be traced beyond the 
roadcuts . 

Even slight variability or uncertainty in 
structural measurements make projections of the 
marker beds dubious over any but short distances. 
Assuming no a>lll)lication by faulting, and using 
the most fa\Orable strike and dip, tuff Tcth1 

might be correlative with tuff Tcty3. This is 
tenuous at best, and it is possible that Tcth1 
is stratigraphically between Tcty3 and Tctf. 

Tuff Tcth1 is interbedded with dark, 
organic-rich shales and is uniformly fine­
grained, brittle rock with no evidence of water­
working. The color is generally light gray, 
with a faint greenish cast. At the first local­
ity, the top grades upward th rough a darker 
gray into a very dark . brittle tuffaceous 
mudstone about 6 inches thick. This is overlain 
by shale that has been slightly sheared. At the 
second locality, the top 3 inclhes are darker 
colored and overlain with organic-rich dark 
shale. This is the ooly locality within the 
Monitor quadrangle with good evidence for depo­
sit ion in a lake or swalll) environment. The lack 
of any internal bedding laminations and the 
nature of the enclosing rocks suggest th is 
interpretation. The dark top of the tuff is 
interpreted as rontamination with low-density 
organic gel (gyttja) that commonly is found at 
bottoms of stagnant organic-rich lakes . Gyttja 
\\Ould be displaced into the water column by the 
initial influx of \Olcanic ash and later \\OUld 
sett le out and intimately intermix with the 
finest suspended ash fraction. 

A thin, fine-grained, light-gray tuff, 
Tcth2, is exposed in a roadcut at the center of 
sec. 10, and it crosses a flat-topped ridge in 
the northeast quarter of the section. In the 
roadcut it is 3 to 4 ft thick, and it is cut by 
an andesite dike and partly si licified. This is 
an area that is structurally complicated by 
faulting and numerous intrusions, and no cor re la­
t ion with tuff units to the north is possible. 

A thin, fine-grained, light-gray tuff, 
Tcth3, is poorly exposed along the west border 
of sec. 14 . It lies adjacent to an andesite 
sill that cuts across the tuft. It contains 
leaf fossils at its southernmost extremity. It 
is more than a mi le from tuff T cth 2 , but is 
more-or-less on strike. Given the structural 
colll)lexity, it could be the same tuff unit. 

MISCELLANEOUS TUFFS OF UNCERTAIN CORRELATION 

A number of scattered tuff occurrences have 
been noted in terrain of generally poor exposure 
in the Wenatchee Heights and Mission Peak 
quadrangles to the south of the Wenatchee and 
Monitor quadrangles. They are in sec. 25, T. 22 
N., R. 19 E., and secs. 30 and 311 , T. 22 N., R. 
20 E. An exposu re of tuff can be fol lowed for 
800 ft just east of the center of sec. 25. 
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Thickness cannot be directly determined, but it 
must be thin, probably less than 2 ft thick. It 
is fine grained, I ight gray, and contains plant 
fragments. It is locally silicified along frac­
tures. Less than a mile east, in the SE 1/ 4 
sec. 30, another very poor exposure of fine­
grained, light-brown (weathered) tuff is ten­
tatively correlated with the tuft located just 
east of the center of sec. 25 . 

At the eastern border of sec. 31, a tuft 
can be followed for about 1,000 ft. It is 
thin, uniformly fine grained, and has a light 
yellowish-gray color. To the immediate 
west, across the valley at the center of sec. 
31, there is a layer of brittle silty 
biotite-bearing rock that is probably tuft with 
detrital admixture. 

A major fault zone projects through this 
area, as evidenced by the variation of strikes 
and dips. It is possible that all tufts of 
this group are the same unit, but it is 
i"l)ossible to prove, and it is impossible to 
correlate them with the more continuous tuft 
exposures in the northern half of the Monitor 
quadrangle. 

NAHAHUM CANYON MEMBER OF THE 
CHUMSTICK FORMATION 

The belt of rocks between the gneissic 
core of the Eagle Creek anticline and the 
Entiat fault, consisting mainly of the 
Nahahum Canyon Member of the Chumstick 
Formation, can be traced southeastward into 
the Wenatchee and Monitor quadrangles. 
Whetten (in Gresens and others, 1981) has 
designated the Easy Street reference sect ion 
for the NahahU'll Canyon Member in NE 1/ 4 
sec. 19, T. 23 N., R. 20 E. The rocks 
are described as thinly bedded lacustrine 
sandstones and shales and thickly bedded 
sandstones with ripple marks and flute casts. 
Some sandstone interbedded with lacustrine 
shale is believed to be turbidite, and thicker 
sandstones are believed to be deltaic. 

The belt of Nahahum rocks apparently 
projects southeast to the southern border of 
the Wenatchee quadrangle in secs . 22 and 23, 
T. 22 N . , R. 20 E. A large central portion 
of the belt is covered by Quaternary 
deposits, but must underlie much of the city 
of Wenatchee. Northwest of the city, 
exposure is poor in much of secs. 29, 30, 
31, and 32, T. 23 N., R. 20 E., and only 

the sandstones crop out. Many of the 
feldspathic sandstones are relatively quartz 
rich, and may be difficult to distinguish from 
sandstones of the younger Wenatchee 
Formation. The presence of biotite flakes 
and occasional pebbles of fel sic \Olcanic 
rocks are diagnostic of Chum stick sandstone. 
A good sect ion of this te r rane is exposed 
along roadcuts along Horse Lake Road, wiich 
trends E-W across secs. 29 and 30. Shale 
and siltstone make up most of the unit. 
Shales are dark-brown, buff-weathering, and 
poorly indurated . Beds range from 1 to 10 
ft thick and are usually wel I-laminated with 
1- to 3-inch-thick lamellae. Sandstones are 
medium grained, feldspathic, and micaceous. 
Muscovite, the predominant mica, is 
distributed on bedding planes in flakes as 
large as one-quarter inch in diameter; biotite 
is less common. Minor fluviatile cross­
bedding is common in sandstone, and rare 
ripple marks have been noted. Poorly 
preserved plant material is common, and some 
moderately well-preserved leaf imprints are 
found loca I ly in carbonate cone ret ions with in 
the shales. Large and wel I-preserved leaf 
fossils were taken from prospect pits in the 
vicinity of Hi II 1049, sec. 29, according to 
a loca I resident. 

Another excellent exposure of this 
terrane is along Sleepy Hollow Road at the 
northern border of sec. 24, T. 23 N., R. 
19 E. In a small quarry, lacustrine facies 
are suggested by fine-grained sandstone beds 
1 to 3 ft thick alternating with fissile shales 
about 1 foot thick. A channel sandstone cuts 
into underlying beds, truncating the bedding. 
It is ellipsoidal in cross sect ion, about 15 ft 
wide and 8 ft thick . It is coarser grained 
than the bedded sandstones and has quartz­
rich gravel layers, clasts of shale, and 
fluviatile cross-bedding. It is relatively 
quartz rich and biotite poor, and thus bears 
a resemblance to sandstone of the younger 
Wenatchee Format ion. Much of the sandstone 
that crops out poorly in the te r rane to the 
south is thought to be of similar origin. 

As defined by Whetten, the Nahahum Canyon 
Member is a lacustrine facies of the Chumstick 
Formation. Where alluvial fans interfinger with 
the lacustrine rocks, the unit may resemble 
typical conglomeratic sandstone of the 
Chum stick, and it is mapped as such. A t ran­
s it ion a I faci es appears to be present in the 
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most southerly extension of the belt of Nahahum 
rocks in secs. 22 and 23, T. 22 N. , R. 20 E. 
The rocks exposed on either side of Squilchuck 
Canyon in sec. 22 resemble typical Nahahum rocks 
in the general evenness of the bedding and the 
relatively high proportion of siltstone and 
shale. The even bedding is readily apparent on 
the southeast slopes, despite the poor outcrop 
of the unit. However, the rocks differ from 
Nahahum rocks farther north in the greater 
thickness of sandstone interbeds (up to 40 ft 
thick) and in the high proportion of pebbly 
conglomerate in sandstones. Pebbly layers are 
typically poorly sorted, with clasts typically 
ranging from one-eighth to 2 inches in diameter. 
Clasts include many volcanic varieties ranging 
from andesitic to rhyolitic , but generally 
felsic. Some white, soft clasts are possibly 
pumiceous, and some rhyol ite is flow banded. 
Dark-gray, fine-grained clasts having a 
chertlike ~pearance may be silicified \Olca­
nics. Vein quartz is abundant, and clasts with 
pegmat it ic texture a re occas iona I ly present • 
Gneissic and plutonic clasts of granitic com­
position are common, but generally are more 
weathered and lack the cohesiveness of the other 
c last types. Rare light-gray mudstone clasts 
are present. Individual conglomerate beds vary 
greatly in the proportions of clast types, and 
beds composed almost entirely of either clasts 
of vein quartz or of \Olcanics have been noted. 
It is thought that this unit represents Nahahum 
rocks interbedded with the distal portion of a 
fanglomerate. 

To the immediate northeast, these 
transitional Nahahum rocks are in fault 
contact with more conglomerate- rich rocks 
near the center of sec. 23, and excel lent 
exposures occur in roadcuts along the Malaga 
Road in the NE 1 / 4 of the sect ion. They 
are mapped as Chumstick rather than Nahahum 
rocks, but they may rep resent coarse 
alluvial/fluvial facies from streams draining 
highlands east of the Entiat fault; they may 
be essentially coeval with the transitional 
Nahahum rocks. This 'M>uld agree with 
similar depositional conditions described by 
Whetten in the type area of the Nahahum 
Canyon Member. 

A mappable belt of coarse fanglomerate 
intervenes between the Nahahum Canyon 
Member and the Entiat fau It in the type area 
(fig. 5). A hypothetical projection of the 
Entiat fau It into the Wenatchee quad rang le 

suggests that any extension of the 
fanglomerate facies into the quadrangle 'M>uld 
be masked by Quaternary deposits but may be 
present under much of the East Wenatchee 
area. The only possible expression of the 
fanglomerate facies is the occurrence 
described in the preceding paragraph. 

In the type area, the Nahahum Canyon 
Member is in fault contact with the gneissic 
core of the Eagle Creek anticline ( fig. 5). 
The anticlinal structure projects into the 
Wenatchee area but is cored by Swauk (? ) 
Formation. Whetten was of the opinion that 
the gneissic core was a horstlike structure 
during subsidence and deposition within the 
graben and that material was shed both 
eastward and westward off a highland source. 
This interpretation is based in part on 
gne1ss1c conglomerate that appears to 
interf inger eastward into Nahahum rocks. 
Analogous fanglomerates containing clasts of 
Swauk (?) "°uld not be produced even if the 
Swauk(?) had occupied an analogous horst, 
because these rocks weather readily to a 
gruslike sand and 'v\Ould not form durable 
clasts. Lovitt and Skerl (1958), having the 
advantage of underground mine exposures, 
cone luded that 'Young Sandstone• (Chumstick 
in this report) was deposited on an • island 
chain' of "Old Sandstone· (Swauk? in this 
report ) • Their account cou Id be an 
observation of a horst block of Swauk(?) in 
the subsiding graben. t-bwever, there is 
evidence that suggests that a fault contact 
exists between the belt of Swauk(?) rocks 
and the be It of Nahahum rocks to the east. 

A distinctive coarse conglomerate is well 
exposed in the lower mining cuts on the north 
side of Squi lchuck Canyon in sec. 22, T. 22 N., 
R. 20 E. It contains clasts up to 8 inches in 
diameter that are mostly felsic -.olcanic rocks 
but which also oonsist of plutonic rock types 
and vein qua rt z • The beds stand nearly ve r­
t ica I ly and are apparently in fault contact with 
silicif ied mine rocks to the west and overturned 
beds of the trans it ion a I Nahahum rocks to the 
east (Lovitt and Skerl, 1958; Patton and Cheney, 
1971 ). Both Lovitt and Skerl and Patton and 
Cheney traced the unit to the north and 
northwest; although there is no outcrop, it is 
easily fol lowed by the distinctive float of 
large clasts, including boulders up to a foot in 
diameter. This investigation has traced the 
unit farther northwest. It forms a low, 



Significant Differences Between the Swauk(?) and Chumstick Formations 15 

northwest-trending ridge at the mouth of Number 
T'M> Canyon immediately southeast of the inter­
section of Cherry Street and Western Avenue in 
sec. 9, T. 22 N., R. 20 E. The most northerly 
outcrop of the mit is just south of the center 
of sec. 31, T. 23 N., R. 20 E. on a northwest­
t rending ridge. Here 90 percent of the clasts 
are of felsic \Olcanic types, with lesser 
amounts of vein quartz, quartzite, pegmatite, 
and plutonic and gneissic varieties of granite. 
This loca I ity has a number of unique features. 
A clast of porphyritic rhyodacite is identical 
in color and texture to a rhyodacite dike 
cutting Swakane Biotite Gneiss in Corbaley 
Canyon some 16 miles to the northeast ( see fig. 
1) • A I imestone bed occurs at th is locality. 
It is 4 to 6 inches thick, and only about 3 ft 
of it is exposed. It is interbedded with 
conglomerates. It is possibly a lithified 
cal iche horizon. Some conglomerate clasts have 
been fractured, off set, and recemented within 
these beds, which suggests that they are 
involved in faulting. 

The distinctive conglomerate can be traced 
nearly 5 miles northwest from the exposure at 
the mine 'M>rkings. In every instance, the 
nearest exposure of sedimentary rocks to the 
west of it is Swauk (?) rocks, although si I ic­
i fied rocks occur between the t'M> mits in the 
vie in ity of the mines. It is infer red that th is 
represents a fault zone, and that the conglom­
erate is a tectonic sliver of lower Chumstick 
rocks. 

The apparent fault contact is elsewhere 
rep resented t7y a zone of alteration that may be 
either hydrothermal alteration along the zone or 
deep penetration of ancient weathering solutions 
into the fault zone. The rmst northerly expo­
sure is in theSWcor. sec. 30, T. 23 N., R. 20 
E • Natura I erosion has exposed a cut th rough 
rocks corrpletely altered to a clay-rich residue. 
The colors range from yellowish tan to light 
gray. The material crumbles in the hand and 
becomes a greasy clay when wetted. Re I ict 
bedding suggests that it is concordant with 
Chums tick bedding to the east, but the original 
lithology cannot be ascertained. This 
occurrence should not be confused with whitish, 
partially slid material directly uphi II to the 
west, which is apparently derived from a 
paleosol beneath the Wenatchee Format ion 
(discussed in later section). The extension of 
the altered zone to the southeast can be 
recognized t7y patches of yellowish soil, such as 

in the northwest corner of the adjacent sec. 
31. An extensive patch of similar altered rock 
is exposed just south of the rmuth of Number One 
Canyon at the base of the slopes north of Cast le 
Rock in sec. 5, T. 22 N., R. 20 E. This 
occurrence is on the fault zone defined by the 
distinctive conglomerate bed. Relict partially 
altered beds are present, but it is virtually 
irrpossible to identify them as Swauk(?) or 
Chumstick. Much of the material is a light-gray 
to light-brown silty material, poooerywhendry, 
with scattered pebbly material within it. Any 
original carbonate has been corrpletely leached. 
Although most of it was derived from sedimentary 
rocks, some minor hematite-red varieties may 
have been derived from mafic igneous rock. 

CHUMSTICK FORMATION EAST OF THE 
ENTIAT FAULT 

Occurrences of Chumstick Formation east of 
the projection of the Entiat fault are rare in 
the terrain east of the Columbia River. They 
a re mostly confined to sma 11 outcrops at the 
bottoms of some of the major drainages that have 
cut through overlying mass wasting deposits. 
T'M> of the best examples are at the drainage 
that trends E-W near the center of sec. 26, T. 
23 N., R. 20 E., and the drainage trending E-W 
near the border with sec. 19 in SE 1/4 sec. 24, 
T. 23 N., R. 20 E. Good outcrops ,of Chum stick 
Formation were found at relatively high eleva­
t ion in NE 1 / 4 sec. 2 5 , T • 2 3 N • , R • 2 0 E. , and 
nearby in NW 1/4 sec. 30, T. 23 N., R. 21 E. 
None of the outcrops are sufficiently extensive 
to definitively assign them to lower Chumstick 
Formation or the Nahahum Canyon Member. 
Identification as Chumstick Formation is based 
on the I ithology of the sandstone ( biot ite- rich 
feldspathic sandstone) and lithologies of 
conglomerate clasts ( abundant fel sic \Olcanics) , 
plus minor features typical of Chum stick such as 
f luvial cross-bedding, occurrence of soft brown 
shales, poorly preserved leaf fossils, and 
moderate degree of induration. Conglomerate 
beds occur in most of the exposures, although 
some lack them and have a high shale to 
sandstone ratio typica I of the Nahahum Canyon 
Member. No interbedded tuffs were noted in 
these exposures. 

SIGNIFICANT DIFFERENCES BETWEEN THE 
SWAUK(?} AND CHUMSTICK FORMATIONS 

During the first summer of field'M>rk, 
recognition of significant differences in 
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TABLE 1. - Criteria for distinguishing Swauk from Chumst ick 

Thi s study 

Wenatchee 7l/z-minute quadrangle 

Swauk(?) Chums ti ck 

Bedding Generally evenly bedded. Arkose typically in Sandstone i s in massive beds 20 to 40 ft thick, 
2- to 6-ft beds; shale/siltstone typically in and which may reach thicknesses of about 100 ft. 
1/2- to l ft beds . Poorly sorted coarse con- Large-scale f luvial cross-bedding is comnon, 
glomerate is in 1- to 4- foot lensoidal interbeds. and other features such as cut-and-fi l l structure 
Some arkose is graded, with siltstone tops and rip-rap clasts of shale are occasionally seen . 
having small - scale crossbeds; in a few graded More evenly bedded lacustrine facies are mostly 
beds there is a congl omeratic base shale and siltstone, but are local ly inci sed and 

f i lled with channel sandstone 

Color Light to dark gray on fresh exposures. Weathers Generally lighter col ored than Swauk(?) . Has 
to tan or brown. Isolat ed weathered outcrops tan to 1 i ght gray col or even on fresh rock 
of arkose are difficult to disti nguish from 
Chumstick arkose 

Li th1 fica tion Very well lithified in fresh exposures, to the Less well li t hified than Swauk(?) to the extent 
extent that hammer blows bounce off the rock as that even fresh exposures of arkose are sl ightly 
they would a crystal l ine rock. In conglomerates, friabl e. Fractures in conglomerates are around, 
fractures cut across both clasts and matrix due rather than through, the cl asts 

-~ to firm cementation of the cl asts 
.... 
cu 

;!::! 
Veining .... Fractures fil l ed with coarse calcite are common Minor calcite veins are thin and infrequent u 

in the belt of Swauk(?) rocks . Veins several cm "Cl 

~ i n width are typical 
LJ.. 

Source, inc 1 udi ng Arkose derived from crystalline terrane . Con- Bul k of arkose is si mi l ar to Swauk(?) arkose, 
clast lithol ogies glomerate cl asts are mainly plutonic and gneissic although locally becomes a more quar tzose sand-

rocks of granodioritic composition. Minor amounts stone. Clast types found in Swauk(?) are all 
of other metamor phic rocks. No cl asts of volcanic present in Chumstick congl omerate, but abundant 
origin have been noted. Some very large clasts volcanic cl asts also present, maki ng up 90 per-
(0 .5 min di ameter are present) cent of total clasts in some rocks . A variety 

of fel sic volcanic rocks are represented, in-
el uding some distinctive porphyr·ies. Large 
clasts of vein quartz occur in some conglom~rates 

Structural and There is always a structural discordance between 
stratigraphic rocks from the belt of Swauk(?) and the nearest 
rel ations Chumstick outcrops, al t hough the cont act is no-

where exposed 

Tectonic history Local evi dence of multiple deformation ( refolded Apart from later mi nor thrust faulti ng of 
folds). Hi gh degree of fracturi ng and veining Oligocene age , deformat ion is a singl e folding 

event wi t h gentle, open folds 

Thi n section Bi otite is completely chlori tized. No cross- Bioti te is fresh or only partly chlori tized. -~ hatched twi ns of microcl ine Cross-hatched twi nning of microcli ne usual ly I.. 
cu present .<= 
I.. 
u 
>-.... 
0 .... 
"' .... 
0 

.I:) Staining of rock Potassium fel dspar not detected in specimens Potassium feldspar noted in al l specimens of "' ....I sl abs from the bel t of Swauk(?) Chumstick sandstone 
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TABLE 1. - Criter ia for distinguishing Swauk from Chumstick - Continued 

Alexander (1956) 

Liberty 15-minute quadrangl e 

Swauk ( type area) Camas sandstone (Chumstick) 

Beddi ng Generall y well bedded in massive to thinly bedded Arkosic sandstone is in cross-l aminated massive 
layers thought to be mainly l acustrine origin. beds up to 100 ft thick, thought to be primarily 
Arkose mostly in 1- to 20-ft-thick layers and of fluvia l origin. Inclined foresets and cut-
some massive beds, but only occasionally in cross- and-fi 11 structures are COl1l110n. Conglomerates 
bedded deposits. Shale about one-half in thi nly are in thin beds that colll11only grade laterally 
bedded deposits ; rest in beds up to 20 ft thick . into singl e-pebbl e- layer conglomerates appearing 
Conglomerate mainly in massive wedge-shaped depo- as "beads on a string" 
sits 

Color Field appearance of unit is generally light Fiel d appearance is white sandstone . Fresh ar-brown. Fresh arkose is gray, but weathers to kose is whf te to pale gray 
light- or dark-brown exterior. Fresh shale 
(siltstone) is dark gray, but weathers to light 
gray or brown 

Lithification Both arkose and shale (siltstone) are described Typical arkose is described as poorly or loosely 
as well lithified or well indurated indurated 

-~ .... 
Cl) 

·'= .... 
u 

"Cl Veining Local joints and fractures colll11only have calcite 
]1 or zeolite fillings 
lJ.. 

Source, including Formation cont ai ns granitic detritus from silt The typical fi ne- to medium-grained sandstone clast lithologies to boul der size. The poorly sorted conglom- ranges from arkose to fel dspathi c sandstone. 
erates are mainly granitoid, but contain gran- Clasts in conglomerates are granodiorite, quartz 
odiorite, serpentine, gneiss, schist, slate, diori t e, granite, mi l ky white quartz, aphanitfc 
and aphanitic igneous rocks igneous rocks, porphyritic igneous rocks, 

gneisses , schists, and metasediments 

Structural and Rocks separated by Leavenworth fault. No primary 
stratigraphic rel ationship is preserved 
relations 

Tectonic hi story The unit is in part tightly fol ded and complexly Unit is relatively gently folded . Less faulting 
faul ted. Intruded by Teanaway than the Swauk. Not intruded by Teanaway di kes 

"' Thin sec ti on Predominantly angul ar to subangular quartz and Either quartz or feldsp,ar may predominate. Some ·;: feldspar. Orthoclase/plagioclase ranges 1:3 to vein quartz present. Orthocl ase/plagiocl ase o.) 

·'= 1:1. Most colll11on plagioclase is ol igoclase . ranges from 1 : 3 to 1 : 1 , same as Swauk. Most conmon .... Fel dspars typically altered to kaoline and seri- plagiocl ase is ol igoclase. Reddish-brown bioti t e u 
>- cite. Other consti tuents are biotite , chlorite, typicall y present; chlorite minor . In genera 1, .... muscovite, and rock fragments plagi ocl ase not as decomposed as in Swauk and 0 .... 

l ess chlorite in Camas "' .... 
0 

.D 

"' Staining of rock ..J 
slabs 
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TABLE 1. - Criteria for distinguishing Swauk from Chumstick - Continued 

Lovitt and Skerl (1958) 

Wenatchee 71/z-minute quadrangle (L-0 gold mine) 

Old Sandstone (Swauk?) Young Sandstone (Chumst1ck; Wenatchee) 

Bedding 

Color 

Lithificat1on Described as better indurated than Young Described as more poorly indurated than Old 
Sandstone Sandstone 

c.s 
·;: 

Cl) Veining .... 
·;: 
<.) 

"CJ 

~ Source, including LL 
clast lithol ogies 

Structural and Old Sandstone had been tilted on end prior to Young Sandstone deposited over tfl ted 01 d 
stratigraphic deposition of Young Sand.stone Sandstone 
relations 

Tectonic history Highly fractured Little fractured 

c.s ·.::: Thin section 
Cl) 

.'!: .... 
<.) 

>-.... 
g 
c.s .... 
0 

.D 
c.s 
_J Staining of rock 

sl abs 
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bedding style, degree of lithif ication and 
veining, color, and composition of 
conglomerate clasts, coupled with inferred 
structural discontinuities, led to the field 
designation of feldspathic sandstone units as 
"old arkose• and "young arkose. • A 
subsequent literature review indicated that 
earlier investigators (Alexander, 1956; Lovitt 
and Skerl, 1958, p. 964) recognized many 
of these same criteria (table 1) • Because 
Alexander's criteria for distinguishing Swauk 
Format ion from "Camas Format ion• ( now 
Chumstick Formation) were nearly identical to 
the criteria established during initial mapping 
in the Wenatchee area, the "old arkose • was 
tentatively assigned to Swauk(?) Formation. 
Lovitt and Skerl recognized an "Old 
Sandstone • and a "Young Sandstone• in the 
area of the L-D gold mine (Cold King or 
Golden King) in sec. 22, T. 22 N., R. 20 
E. They recognized that the older rocks are 
more highly fractured and lithified and that 
the younger rocks were deposited on the 
steeply dipping older unit. 

Petrographic criteria for distinguishing 
Swauk ( ? ) from Chumst ick a re based on the degree 
of chloritization of biotite and the presence or 
absence of potassium feldspar. Biotite from 
Chumstick sandstone is either fresh or only 
partly chloritized; biotite from Swauk(?) 
sandstone is more completely chloritized. 
Potassium feldspar is present in al I Chumstick 
rocks stained using the method of Bailey and 
Stevens ( 1960) , and the typical cross-hatched 
twinning is obvious in thin sect ion. Stained 
specimens of Swauk (? ) rocks show no evidence of 
K-feldspar. 

The cross-sections (plate 3) show the 
structu rat discordance between the belt of 
Swauk (? ) rocks and adjacent Chumst ick beds. The 
interpretation of the belt as an exposure of 
older rocks in the erosionally breached core of 
the Eagle Creek antic I ine agrees with the pro­
ject ion of the axis of the Eagle Creek anticline 
from its type area to the north (fig. 1). 

In the area to the south of Mount Stuart 
( fig. 1) the contact between Swauk (?) Formation 
and older rocks strikes gene rat ly east-west. 
This contact, in general, projects toward the 
contact between Swauk (?) Formation and older 
metamorphic rocks exposed in the rore of the 
Eagle Creek anticline, suggesting that this con­
tact extends to the west from the Eagle Creek 
anticline beneath the younger Chumstick rocks of 

the Chiwaukum graben. 
Multiple folding of Swauk(?) is observed in 

an exposure on the south side of Number T\\O 
Canyon in NE 1/4 sec. 17, T. 22 N., R. 20 E. 
( see I ate r sect ion on st ructu ra I geology ) • 
There is no evidence of multiple folding of the 
Chumstick. 

The Swauk (?) is thus distinguished from the 
Chumstick by (1) field criteria, many of which 
were recognized by previous investigators, (2) 
laboratory data, (3) c I imat ic differences during 
deposition, as suggested by leaf fossils, and 
( 4 ) structural discordance and tectonic history. 
The Swauk(?) clearly is an older unit, based on 
structural position, greater degree of lithifi­
cation, more extensive diagenetic alteration 
(chloritization, loss of K-feldspar), more 
extensive fracturing and veining, and evidence 
for multiple deformation. Although some of the 
same criteria were used by Alexander (1956) 
farther west in the type Swauk area, the author 
does not imply that the differences that serve 
to distinguish Swauk (?) from Chumstick within 
the Wenatchee quadrangle a re broadly applicable. 
For example, volcanic clasts and K-feldspar are 
reported elsewhere within the Swauk 
( Pongsapich, 1970) • 

The older unit does not contain diagnostic 
fossils nor material suitable for radiometric 
dating. Pollen was unsuccessfully sought. 
The unit cannot be proven to be Swauk 
Formation, but it seems the most likely 
possibi I ity. If it is not Swauk, then it must 
be an even older format ion. The nearest 
older unmetamorphosed sedimentary rocks are 
Cretaceous units in the Methow graben 50 km 
to the north (Barksdale, 1975). The only 
reasonable alternative correlation is with the 
Late Cretaceous Winthrop Sandstone, which is 

a continental arkose. Early Cretaceous units 
are of marine origin. Older units of Jurassic 
or Triassic age are weakly metamorphosed in 
the Cascade Range. 

WENATCHEE FORMATION 

The Wenatchee Formation wa:s named by 
G resens and others ( 1981) for exposures in 
the vicinity of the city of Wenatchee. The 
type sect ion and three of the reference 
sections are within the Wenatchee and Monitor 
7 1/2-minute quadrangles. A fourth 
reference sect ion is in the Wenatchee Heights 
quadrangle. The locations of the type and 
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reference sect ions are as fol lows ( Gresens 
and others, 1981, p . 857): 

The type section is located on the northwest 
flank of Squilchuck Canyon at SE1.4 sec. 21, sw1.4 
sec. 22, NW1A sec. 27, and NE1.4 sec. 28, T. 22 N., R . 
20 E., where the formation is folded to form the 
Pitcher syncline (Patton and Cheney, 1971) .... 
Four reference sections are here designated: ( 1) the 
silica quarry in Dry Gulch at cente.r sec. 21, T. 22 
N., R. 20 E., considered the principal reference sec­
tion; (2) Chopper Hill, located at the boundary 
between secs. 7 and 8, T. 22 N., R. 20 E.; (3) the 
west-facing bluffs overlooking the Columbia River 
in the NWl.4 sec. 23, T. 23 N., R. 20 E., from Blue 
Grade Road at the center of sec. 23 to the north 
border of sec. 23; and ( 4) the sandstone bluffs on 
the northwest side of Stemilt Canyon in SWl.4 
sec. 25 and NW1A sec. 36, T. 22 N., R. 20 E. These 
will be referred to as the Dry Gulch, Chopper Hill, 
Blue Grade, and Stemilt Canyon reference sec· 
tions . . .. 

The formal description of the type and 
refe rence sect ions by G re sens and othe rs ( 1981 ) 
serves as a general description of the for­
mat ion, and it is reprinted be low. Sect ions 
located west of the Ent iat fau It are repeated 
first, followed by additional data on occurren­
ces in this terrain. The description of the 
Blue Grade reference section and additional data 
for occurrences east of the Entiat fault is then 
undertaken. 

OCCURRENCES WEST OF THE ENTIAT FAULT 

The type sect ion at Squ i lchuck Canyon and 
the Dry Gulch, Stemilt Canyon, and Chopper Hill 
reference sections are all within this terrain . 
The following descriptions are from Gresens and 
othe rs (1981, p. 857-866 ) . 

TYPE SECTION 

At the type section, the formation is divided 
into two members, a sandstone and shale member 
and an overlying conglomerate member. 

SANDSTONE AND SHALE MEMBER 

The sandstone and shale member apparently 
does not include a basal sandstone at the type sec­
tion, as it does not crop out on the flanks of the 
Pitcher syncline. . . . Because the basal shale and 
underlying feldspathic sandstone and shale of the 
Swauk{?) or Chumstick Formations do not crop 
out well on the grassy slopes, the basal contact of 
the Wenatchee is not exposed. Structural relations 
indicate that the base lies a few meters below the 
valley floor at the hinge of the syncline. . .. The 
sandstone and shale member is subdivided into 

three subunits or beds, in ascending order: (a) shale­
dominated fluvial beds, (b) sandstone-dominated 
flu vial beds, and ( c) shale and sandstone beds of 
lacustrine origin. These subunits will be referred to 
as the shale bed, the sandstone bed, and the lake 
beds. 

The shale bed bas an exposed thickness of 
about 145 m. It consists of thick beds of distinctive 
grayish-blue tuffaceous shale to siltstone, with 
thinner 0.5- to 3-m thick interbeds of buff, com­
monly limonitic, fine- to medium-grained, friable, 
cross-bedded and channeled quartz sandstone. 
Muscovite flakes to 1 cm in diameter occur 
throughout the section in both shale and sandstone. 
Minor amounts of dark lithic fragments and/or 
ca.rbonaceous fragments typically are present, but 
calcite, biotite, and feldspar are conspicuously 
absent. Intraformational grayish-blue siltstone clasts 
to 4 cm in diameter occur locally ·in sandstone, and 
thin layers of angular quartz conglomerate are 
present locally. At some places, thin coal lenses 
occur in the shale. Red oxidized zones, presumably 
caused by subaerial weathering, occur in the upper 
part of the shale bed; partially oxidized rocks 
demonstrate a transition to grayish-blue shale. A 
prominent oxidized zone, about 1 m thick, marks 
the top of the bed. 

The middle sandstone bed, about 70 m thick, 
is composed mostly of 5- to 15-m-thick beds of 
cross-bedded medium- to coarse-grained sandstone 
with thinner interbeds of grayish-blue shale and 
siltstone similar to beds in the underlying shale 
bed. Conglomeratic interbeds with quartz clasts 
to 2.5 cm in diameter are common within the 
sandstone. Quartz grains are angular to subangular, 
and the rock is poorly sorted, friable, and porous. 
Lithic fragments and muscovite flakes typically are 
present in small amounts (less than 1 percent). 

The lake beds are about 25 m thick. They 
consist of poorly exposed brown fissile shale that 
grades upward into siltstone and sandstone. In con· 
trast to the grayish-blue lower shale, the brown 
shale of the lake beds lacks mesoscopic muscovite 
flakes. Siltstone and sandstone are light gray to al· 
most white, but they weather to light yellowish 
brown. Sandstone ranges from fine- to medium­
grained and is lithologically similar to sandstones of 
the shale and sandstone beds, except that muscovite 
is not common. It is better sorted and better ce­
mented than the friable sandstone of the underlying 
units; locally it is calcite ceme~ted. Siltstone and 
sandstone typically are thinly and evenly laminated 
and locally cross-bedded; laminations are commonly 
accentuated by thin (less than 1 mm) layers rich in 
organic material. Leaf fossils are common through­
out the unit. Dark reddish-brown iron-oxide con­
cretions and irregular banding are common. 

CONGLOMERATE MEMBER 

About 15 m of the conglomerate member 
crops out at the type section. The contact with the 
underlying lake beds is sharp and appears slightly 
discordant ( estimated as !: 5°), particularly when 
viewed from a distance. The conglomerate member 
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is overlain by post-Miocene diamictite, composed 
mostly of basaltic material, that apparently is mass· 
wasting debris of the Yakima Basalt Subgroup 
(R. W. Tabor, 1977, personal communication). 
Holocene slide rock derived from the diamictite 
obscures its contact with the underlying conglom­
erate member. 

The member contains both conglomerate 
and sandstone. The conglomerate is very poorly 
sorted with rounded to subrounded clasts as much 
as 20 cm in length. Clasts are mainly felsic volcanic 
rocks. Varieties of rhyolite (porphyritic, fine­
grained nonporphyritic, and flow-banded) are the 
most common, but composition includes dacite. 
Altered volcanic rocks and irregular masses of 
white pumice occur locally. The second most com­
mon clast lithology is white vein quartz. Dark fine­
grained clasts of silicified volcanic rock are present 
in minor amount. Conglomerate is common, and 
clast size is larger at the bottom of the unit, but 
conglomerate may occur anywhere within the 
member. The sandstone, which includes the matrix 
of the conglomerate, consists of coarse-grained 
poorly sorted quartz and dark cherty lithic frag· 
men ts in a matrix of powdery white clay. The 
sandstone is very friable and appears to have been a 
feldspathic sandstone in which the feldspar has 
altered to clay. Where it crops out, the conglomer­
ate member is strikingly white, the color of dry 
bone, owing to the clay matrix. Limonitic to 
hematitic bands and concretions occur within 
the unit. 

GEOMORPHIC EXPRESSION 

The shale bed forms subdued, featureless 
slopes. The sandstone bed forms prominent but 
irregular sandstone bluffs. The sandstone part of 
the overlying lake beds is a distinctive cliff.former. 
The conglomerate member forms white cliffs. 

REFERENCE SECTION 

Reference sections are designated to point 
up the lateral variability within the Wenatchee 
Formation and to demonstrate the relation of the 
Wenatchee Formation to underlying and, where 
possible, overlying rocks. 

ORY GULCH REFERENCE SECTION 

The Dry Gulch reference section, less than 
1 km northwest of the type section, demonstrates 
that the lithologic subdivision of the shale and 
sandstone member at the type section does not 
persist over long distances. As at the type section, 
the base of the Wenatchee lies a few meters below 
the valley floor. The uppermost red oxidized 
zone is presumed to correlate with the prominent 
red zone that separates the shale bed from the 
overlying sandstone bed at the type section, and 
the thickness of shale bed below this marker hori­
zon is approximately the same at both the type and 
this reference section. Rather than being dominated 
by shale, however, the shale bed at the Dry Gulch 

reference section is composed almost entirely of 
medium- to coarse-grained, friable quartz sandstone. 
Between the marker horizon and the base of the 
lake beds is a section dominated by sandstone 
lithologically similar to the sandstone bed of the 
type section, but only about 17 m thick ( compared 
with 70 mat the type section). 

On the northwest slope of Dry Gulch, across 
the valley from the quarry, the entire section be­
tween the base of the formation to the lake beds is 
dominated by shale, whereas the equivalent section 
at the quarry is dominated by sandstone. Clearly 
individual san'dstone interbeds of the fluvial units 
have the geometry of large lenses that do not cor· 
relate over even relatively short distances. A pros­
pect cut at the eastern mouth of Dry Gulch exposes 
a sand lens that ranges from zero to 4 m thick over 
a horizontal distance of 30 m, thickening southward 
in the direction of the quarry. A white porcelain· 
like, fine-grained tuff that cropped out in the lower 
quarry face in a cut, and that has since been de· 
stroyed by further mining, provided a fission-track 
age of 33.4±1.4 m.y .... 

CHOPPER HILL REFERENCE SECTION 

The Chopper Hill reference section displays 
the angular unconformity between the Wenatchee 
Formation and a unit that is probably the Swauk 
Formation (Gresens, 1976b, 1977). The generally 
flat-lying Wenatchee Formation overlies vertical to 
near-vertical beds of arkose and shale. A 12- to 
15-m-thick weathering profile is present at the top 
of the underlying unit; it ranges from arkose with 
numerous limonite·stained fractures to a powdery 
white paleosol. 

A 6·m·thick slightly feldspathic sandstone, 
which locally contains clasts of underlying Swauk(?) 
at its base, lies at the base of the section. Sandstone 
interbedded with grayish-blue tuffaceous shale and 
siltstone becomes thinner and le.ss frequent upward, 
and the section correlates with the shale bed of the 
type section. It contains a few sills of reddish­
brown andesite related to a nearby intrusion. 

STEMIL T CANYON REFERENCE SECTION 

An angular unconformity between the We­
natchee Formation and the underlying Chumstick 
Formation is well exposed in the Stemilt Canyon 
reference section. The nearly flat-lying Wenatchee 
overlies the Chumstick, that dips as much as 45°. 
In contrast to the Blue Grade and Chopper Hill 
reference sections, there is no deeply weathered 
zone at the top of the underlying formation. This 
unconformity was noted earlier by Chappell (1936) 
and Patton and Cheney (1971). 

At Stemilt Canyon, the basal unit of the 
Wenatchee Formation is a thick sandstone (2:30 m 
thick), whereas at the type section and other 
localities, the sandstone is either thin or absent. 
Li tho logically, the basal sandstone is typical fluvial 
quartz sandstone of the type section. 
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ADDITIONAL OCCURRENCES OF THE UNIT 

The shale and siltstone of the Wenatchee 
Formation is prone to landsliding, and much 
of the terrain of poor outcrop in upper 
Squilchuck Canyon and in Pitcher Canyon 
(secs. 28, 29, 32, and 33, T . 22 N., R. 
20 E., and secs. 4 and 5, T. 21 N., R. 
20 E.) in the Wenatchee Heights quadrangle 
is of this nature. However, some significant 
localities of in-place outcrop can be pointed 
out • The westernmost exposures of Wenatchee 
Formation are in fault contact with Chumstick 
Formation, and this fault is well-exposed (1) 
in a roadcut on the west side of Squi I chuck 
Creek Road, O. 4 km north of its junction 
with the Wenatchee Heights Road and (2) on 
Halvorson Loop Road, both in the NW 1/4 
sec. 4, T. 21 N., R. 20 E. Vertical beds 
of Wenatchee sandstone are prominent just 
east of the fault zone. Wenatchee Formation 
is exposed along a cut oo a side road below 
the horseshoe loop in the Wenatchee Heights 
Road in SW 1/4 sec, 34, T. 22 N., R. 20 
E. He re some beds show fine lamination 
typical of lacustrine facies, but others have 
deltaic cross-bedding, and the beds may 
represent a juncture between stream and lake 
environments. On the opposite side of 
Squi lchuck Canyon, in the northern part of 
sec. 33, T. 22 N. , R. 20 E. , the 
unconformity between Chumstick and Wenatchee 
is exposed. To the immediate west, in the 
NW 1 / 4 sec • 3 3 , the re is a good exposure 
i I lust rating the variegated co lo rs produced by 
oxidation of siltstone and shale, including 
some lavender hues that are not common 
elsewhere. 

Beginning on the north side of Pitcher 
Canyon in sec. 29, T. 22 N . , R. 20 E., 
and extending northwestward into sec. 19, T. 
22 N . , R. 20 E. , there is a belt of 
Wenatchee Formation in a small graben 
bounded by Chumstick Formation. The 
exposures are not good in most of the belt, 
but Wenatchee Formation is readily recognized 
from disoriented sandstone blocks scattered 
about the surface. Extensive fracturing of 
the formation between the two faults, coupled 
with landsliding, accounts for the paucity of 
in-place outcrop. 

North of Number One Canyon , at the 
bo rde r bet ween sec • 1 , T • 2 2 N • , R • 1 9 
E. , and sec. 6, T. 22 N., R. 20 E., a 

wheat field is probably underlain by 
Wenatchee Formation. Well-exposed beds to 
the east are dipping toward the field, and 
apparently they flatten and underlie the field. 
Blocks of Wenatchee sandstone are found along 
the edges of the field, and a large, 
relatively intact block has slid off the south 
side into Number One Canyon. 

There is an excellent exposure of an 
angular unconformity between the Wenatchee 
and Chumstick Formations on the southeast 
side of an unnamed canyon in southern sec. 
35, T. 23 N., R. 19 E. A short distance 
to the west there is a small patch of the 
format ion to the northeast of Hi 11 3790, 
where a low hill contains blocks of Wenatchee 
sandstone; it is not known whether this 
represents the most westerly occurrence of 
the formation or the remains of an ancient 
landslide. [Editor's note: This occurrence 
is labeled as a landslide deposit composed of 
debris from the Wenatchee Formation on plate 
1.] 

The most northerly exposure of the 
formation in the terrain west of the Entiat 
fault is on the north side of a northwest­
t rending ridge that extends to the mouth of 
Fairview Canyon in NE 1/4 sec. 23, T. 23 
N., R. 19 E. Relatively flat- lying 
Wenatchee is in angular unconformity with 
Chumstick. 

The basal sandstone of the Wenatchee 
varies considerably in thickness and in degree 
of contamination from underlying units. 
Apparently it is absent on the west flank of 
the Pitcher syncline at the type sect ion. 
Near the mouth of Dry Gulch, in NW 1/4 
sec • 21 , T. 22 N • , R • 2 0 E • , the bas a I 
sandstone is 5 to 6 ft thick; it contains 
angular quartz pebbles and carbonate cement. 
The carbonate most likely was derived from 
underlying Swauk(?) Formation. As the 
contact is fol lowed to the northwest, 
exposures southwest of Squaw Saddle show a 
basal sandstone about 20 ft thick, with local 
carbonate cement. Although pebble 
conglomerate clasts in the bed are about 95 
percent quartz, clasts of felsic \Olcanics, 
undoubtedly derived from underlying 
Chumstick, are present. Another occurrence 
of basal sandstone with \Olcanics and 
carbonate cement occurs on the south side of 
Pitcher Canyon, in NE 1/4 sec. 32, T .22 
N., R. 20 E. At the Chopper Hill reference 
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sect ion, the basal sandstone al so is about 20 
feet thick, and clasts of Swauk (? ) Format ion 
a re found at the base. In upper Dry Gulch, 
separated from the reference section by a 
thrust fault, the formation has a basal 
sandstone at least 80 ft thick. At the 
Stemilt Canyon reference section, the basal 
sandstone is about 100 ft thick, and about 
the lower 1 to 2 ft contain felsic -.olcanic 
clasts derived from the underlying Chumstick. 

The descriptions of the type section and 
the Dry Gulch reference section noted the 
apparent low angular unconformity between the 
upper and lower members of the Wenatchee 
Format ion, and the lesser amount of sect ion 
between a marker bed in the lower member 
and the base of the upper member at the Dry 
Gulch section . This suggests a thinning of 
the lower member before the deposition of 
the upper member, with greater thinning to 
the northwest. This is reinforced by float of 
felsic \Olcanics, often associated with a 
white matrix, that is widespread in the 
terrain to the north of Number One Canyon. 
The material appears to be derived from the 
upper member of the Wenatchee, but its 
post ion ~uld not al low much st rat igraph ic 
thickness between the upper member and the 
base of the Wenatchee. Localities where this 
material may be seen are in the NW 1/4 sec. 
6, T. 22 N., R. 20 E., and along a ranch 
road in NW 1 / 4 sec • 2 5 , T • 2 3 N • , R. 1 9 
E. 

Scattered Wenatchee exposures in the 
vicinity of the large andesitic intrusion 
extending north from Number T~ Canyon have 
the f ield appea ranee of •floating• on 
andesite. One can be seen just west of the 
Chopper Hi II reference sect ion near center 
sec. 7, T. 22 N ., R 20 E. Several occur 
along the west side of the intrusion in 
northern sec. 1, T. 22 N., R. 19 E. and 
SW 1/4 sec. 36, T. 23 N., R. 19 E. In 
the upper reaches of Fairview Canyon, in SE 
1/4 sec. 26, T . 23 N., R. 19 E., a 
prominent ledge of Wenatchee sandstone 
overlies an andesitic sill. As will be 
discussed in more detai I in the sect ion dealing 
with intrusions, this feature strongly suggests 
that the large intrusion is a si 11 emplaced 
along the basal unconformity of the 
Wenatchee. 

OCCURRENCES EAST OF THE ENTIAT FAULT 

REFERENCE SECTION 

The formal description of the Blue 
Grade reference section from Gresens and 
others ( 1981, p. 864-865) is reproduced 
here. 

BLUE GRADE REFERENCE SECTION 

The Blue Grade reference section best exposes 
the unconformity between the Wenatchee Forma­
tion and the crystalline basement rocks (Swakane 
Biotite Gneiss). This contact was interpreted by 
Glover (1941) as the contact between metamorphic 
rocks and basal beds of the Swauk Formation. The 
Swakane is metasedimentary plagioclase-quartz­
biotite schist and gneiss weathered to a depth of at 
least 15 to 20 m, producing a paleosol below the 
unconformity. 

The reference section is mostly of fluvial 
origin, in lithology identical to rocks of the type 
section except that angular feldspar grains to 6 mm 
long occur in sandstones near the base. Thin beds of 
white tuff are common; one of these tuffs was 
dated at 34.5 ± 1.2 m.y .... 

Beds of brown shale, 0.5 to 1 m thick, con­
taining abundant leaf fossils can be see.n on the 
north side of Blue Grade Road some 120 m east of 
a small quarry at the center of sec. 23, T. 23 N., 
R. 20 E. Similar, but thicker (3 m) beds occur in a 
side canyon 400 m south. These beds resemble and 
possibly correlate with the sbaly part of the lake 
beds of the type section but, in contrast, are over­
lain by additional fluvial sandstone and shale. 

ADDITIONAL OCCURRENCES OF THE UNIT 

A prospect cut is present on the hil I side 
south of the smal I quarry at the center of sec. 
23, T. 23 N., R. 20 E. Much of the shale and 
siltstone at the quarry and in the prospect cut 
is a creamy grayish blue, suggestive of a rela­
tively high tuffaceous component. Flecks of 
amber are present locally at exposures in the 
prospect cut • 

Amber is also present in coaly shale at a 
pit in northern sec. 26, T. 23 N . , R. 20 E. The 
pit is cut in Quaternary gravels, but the lower 
part exposes Wenatchee Formation. Dumps in the 
vicinity indicate that the rocks are rich in 
coal, in addition to showing the more typical 
grayish-blue shale with red oxidized lnrizons. 

Wenatchee Formation is exposed in a stream 
bottom where the Quaternary gravels are ero­
sionally breached in eastern sec. 26, T. 23 N., 
R. 20 E. At the exposures farthest upstream, 



24 Geology of the Wenatchee and Monitor quadrangles 

the lithology is typical grayish-blue siltstone 
of the fluvial part of the section, containing 
abundant muscovite flakes and organic material. 
A volcanic ash layer, 1/2 to 1 inch thick, is 
present. Downstream through a broad antic I ine, 
a re 6 ft of interbedded brown fissile shale and 
laminated si Its tone of apparent lacustrine ori­
gin. Still farther chwnstream, highly sheared 
lacustrine beds dip vertically in apparent fault 
contact with Chumstick rocks that occur a short 
distance farther chwnstream. 

A small patch of Wenatchee Formation rests 
unconformably on Swakane Biotite Gneiss in the 
Entiat Range along the Burch Mountain Road at the 
center of sec. 32, T. 24 N. , R. 20 E. (fig. 6 ) . 
Quartz -rich conglomerate, heavily cemented with 
iron oxide, occurs at the base of the unit. Near 
the lower part of the outcrop, 'Mlere a spring 
emerges, a conglomerate in a silty, white clay 
matrix contains quartz clasts to 4 inches long. 
They are angular to subrounded and probably 
represent vein material weathered out of the 
Swakane and lying as lag material on the pre­
Wenatchee erosion surface. The remainder of the 
sect ion is typical fluvial Wenatchee Formation. 
A thin 'Mlite \Olcanic ash layer is present. 

DEPOSITIONAL ENVIRONMENT OF THE 
WENATCHEE FORMATION 

The lower member of the Wenatchee 
Formation was probably deposited on a surface 
of low relief. Buried weathering profiles on 
al I underlying units have been noted at the 
reference sections and elsewhere. Streams 
flowed across the su dace and account for the 
lenslike form of the fluvial sandstones; a 
braided stream complex will account for the 
features observed at the Dry Gulch reference 
section (Tor Ni I sen, personal communication, 
1977). The grayish-blue shale and siltstone 
are considered to be overbank and floodplain 
deposits, and the red oxidation must have 
been produced by subae r i a I exposure and (or) 
an oxidizing ground-water table. Marshy 
areas in this environment accumulated enough 
organic material to form smal I coal beds, and 
local ponding created the environment for 
interbedded lacustrine deposits. 

The tuffaceous component of shale and 
siltstone presumably resulted from widespread 
erosion and reoorking of volcanic ash similar 
to the components of the preserved tuff beds. 
The fine grain size and thinness of the tufts 
suggest that the ash came from a distant 

FIGURE 6. - Geologic map of sec. 32, T. 24 N., R. 20 E., 
showing Wenatchee Formation (Tw) unconformably over­
lying Swakane Biotite Gneiss (pKs) on the Burch Moun­
tain Road, Rocky Reach Dam 7Yi-minute quadrangle. 
Ti is hornblende andesite. 

volcanic source. Mixing of ash with fine 
detrital sediment is indicated by muscovite 
flakes that are common in tuf faceous shale 
and siltstone but are not present in pure ash 
layers. The larger muscovite flakes are 
pegmatitic and suggest a crystalline source 
terrane . 

Buza ( 1977, 1979) demon st rated that 
sediment transport directions in the Wenatchee 
are west to southwest. The pre-Wenatchee 
Swakane Biotite Gneiss terrane to the east 
must have been deeply weathered on a surface 
of low relief, and chemical weathering 
dominated over mechanical weathering. Under 
these conditions, feldspar and mafic minerals 
such as biotite are completely destroyed, 
leaving a residue of quartz, clay, and 
muscovite. The sweeping of this residue 
from subdued topographic highlands, 
particularly during times of flood, oould 
provide the material for the clean quartz 
sands of the Wenatchee Format ion as the 
clays are winnowed into the overbank and 
floodplain deposits. Most of the quartz sand 
of the Wenatchee is angular to subangu lar, 
suggesting that it was not transported very 
far from its eastern source te r rane. 

The upper member of the formation 
represents a sharp change in terms of 
environment of deposition and sediment 
source. Tectonic uplift is necesssary to 
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bring about the thinning of the lower member 
that created the slight angular discordance 
between the members. Similarly, tectonic 
uplift or nearby volcanism is nessary to bring 
about a change from a surface of low relief 
to conditions that could supply the coarse 
volcanic detritus of the upper member. The 
area I extent of the upper member ·is very 
limited, and nothing is known about sediment 
transport direction or possible source rocks. 

SEDIMENTARY ROCKS OF MIOCENE AGE 

An unnamed sedimentary unit positioned 
stratigraphically beneath the Columbia River 
Basalt Group crops out in place in southern 
sec. 31, T. 22 N., R. 21 E., and 
northern sec. 6, T. 21 N., R. 21 E. The 
unit also occurs as a rotated landslide block 
near river level in SW 1/4 sec. 28, T. 22 
N . , R. 21 E., near the town of Malaga. 

Less than 200 ft of sect ion is exposed. 
The cbminant lithology is shale in beds of 
variable thickness but attaining 30 ft. 
Sandstone beds are typically 6 to 10 ft 
thick. The color is variegated and includes 
red, maroon, I ight buff ( almost white) , I ight 
gray, yellowish brown, and black. 

The shales contain swel I ing clays. The 
surface of a shale outcrop has a puffed 
texture and it is necessary to dig to obtain 
fresh rock. In contrast to red layers in the 
Wenatchee Formation, which are derived by 
oxidation of preexisting grayish-blue shale and 
siltstone, the red shales in the unnamed unit 
appear to have been deposited as red beds. 
Black shales, Wlich are typically less than a 
foot thick, are organic - rich, but not coaly . 
Some of them contain flecks of amber. 

Sandstone is very poorly consolidated and 
friable. It is felspathic and contains 
abundant biotite flakes. Pebbly layers in 
sandstone have clast lithologies cbminated by 
quartz and black "cherty• rocks, but \Olcanic 
c lasts, ranging from andes it ic to fe Is ic 
varieties, also are abundant. Pebbly layers 
typically are poorly sorted, and clasts are 
rounded to sub rounded. Deta i Is of 
sedimentary structures are obscured by 
slumping of the puffed shales over sandstone 
beds. 

The depositional environment of the 
unnamed unit is uncertain. The thin black 
organic- rich shales could be fossi I humus 

horizons. 
Preliminary palynology of specimens from 

the landslide block yields a tentative age of 
Miocene ( Estella Leopold, personal 
communication). The pollen indicates either 
early or late Miocene age, but not middle 
Miocene. The position of the unit 
stratigraphical ly beneath the Columbia River 
Basalt Group makes early Miocene the 
preferred choice. 

COLUMBIA RIVER BASALT GROUP 

Previous investigators (Chappell, 1936; 
Patton and Cheney, 1971) mapped presumably 
in-place lava flows of the Columbia River 
Basalt Group in the Wenatchee and Monitor 7 
1/2-minute quadrangles. The position adopted 
here is that of the U.S. Geological Survey 
(R. W. Tabor and R. D. Waitt, personal 
conmunicat ion, 197 8) that al I the basa It ic 
material that caps mesas and flat-topped 
divides is mass wasting debris, rather than 
remnants of undisturbed flows. (This is 
discussed under the section on landslides.) 
The only exception is some possible lower 
flows east of the Coh.mbia River in the 
Wenatchee quadrangle, but even these were 
probably involved in at least minor sliding. 

In-place basalt flows are present just out­
side the Wenatchee and Monitor quadrangles as 
the prominent bluffs on the sky I ine east of the 
city of Wenatchee and at Jumpoff Ridge that 
extends across the northern part of the Malaga and 
Wenatchee Heights 7 1/2-minute quadrangles. 
Chappell (1936) and Patton and Cheney (1971) 
fol lowed Smith ( 1901) in using the name Yakima 
Basalt for flows in the Wenatchee area . The 
U .s . Geological Survey considers these flows to 
be the Grande Ronde Formation of the Columbia 
River Basalt Group, Yakima Basalt Subgroup 
(Swanson and others, 1979); the reader is 
referred to their report for a general descrip­
tion of the Columbia River Basalt Group. 

INTERFLOW SEDIMENTS 

A distinctive interflow sedimentary unit is 
recognizable at several localities, mainly along 
stream bottoms, in the terrain east of the 
Columbia River that is occupied mostly by 
landslide debris. The cbminant lithology is a 
medium-grained, well-sorted, poorly consoli­
dated, friable, yellow (limonite-stained) 
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sandstone with f luvial cross-bedding. The 
sandstone is fel spath ic, but uni ike Chum stick 
Formation, does not contain abundant biotite. 
lnterbedded with it is a distinctive white to 
light-gray shale (mudstone). The shale has been 
observed in beds as thick as 3 ft, but more 
typically it is in thinner beds. Rip-up clasts 
of the white mudstone are common in the 
sandstone, sometimes as 1- to 2- inch-thick beds 
of rip-up clasts. Some of the beds in the shale 
clasts appear to be thin shale layers that were 
only slightly disrupted. Finely laminated 
siltstone with muscovite flakes on parting 
planes is found occasionally. 

The unit is exposed to the southeast of the 
Badger Mountain Road in a northwest-trending 
gu lly in northern sec. 6, T. 22 N., R. 21 E. and 
SW 1 / 4 sec. 31 , T. 2 3 N • , R • 21 E. Along much 
of its exposure it is relatively flat lying, but 
locally it is cut by small faults that place it 
in contact with basalt, and the bedding may be 
steeply upturned. In one exposure in the gully, 
the sedimentary unit can be observed resting 
depositionally on basalt. About 2 to 3 ft of 
siltstone overlies columnar basalt and grades 
upward into sandstone. The depositional contact 
is wet I exposed in a southerly side canyon at 
the section line between sec. 1, T. 22 N., R. 20 
E., and sec. 36, T. 23 N., R. 20 E. Here the 
basalt is overlain by about a 20-foot thickness 
of sandstone, which is in turn overlain by 
lands I ide debris. The contact between basalt 
and sandstone is slightly disrupted, but clearly 
depositional. Basalt columns with vesicular 
tops are normal to the contact. Across the main 
drainage to the north of this locality, massive 
basalt is clearly overlain by interflow sediment 
in cuts along an abandoned road. 

In the northern part of sec. 13, T. 23 N., 
R. 20 E., a drainage can be fol lowed eastward 
from Rainey Spring to a point where it crosses 
under power lines. Here a large mass of intact 
basalt with columnar structure is exposed in the 
stream and the northern hillside. It is nearly 
flat-lying, dipping only about 10° E. A short 
distance upstream, poor exposures of gently 
dipping interflow sediments suggest that it 
overlies the basalt depositionally. At the 
northern border of sec. 13, northwest of the 
stream locality, the apparent continuation of 
the sedimentary bed crops out poorly on the 
hillside. The surface exposure is "puffed" from 

swelling clays of the shale, but there is a 
general white color, and digging yields chips of 
light-gray shale and some iron oxide concre­
tions. The continuation of the unit still 
farther to the northwest is evident from 
excel lent exposure in a roadcut along a farm 
road at the oorder between secs. 12 and 13, T. 
23 N. , R. 20 E. The unit here is mostly typical 
interflow sediment as described above, but it 
also contains iron-concreted layers and some 
thin (3-inch) interbeds of dark shale. The con­
tact between sediment and basalt is disrupted by 
small faults. The canyon just west of the road­
cut is in massive basalt, and some poorly 
exposed interflow sediment is present above 
massive basalt across the canyon from the road­
cut . The general impression is of a nearly 
intact sequence of massive basalt overlain by 
interflow sediment that is continuous for more 
than one-ha If mile along a oorthwest-trending 
belt. 

lnterf low sediments highly disrupted by 
landsliding are present in the middle reaches 
of a stream that drains westward across the 
center of sec. 26, T. 23 N., R. 20 E. 
Exposures of interf low sediment begin near 
the oorder between secs. 25 and 26, and are 
wel I displayed in a drainage that forks to the 
north. Some of the exposures up the oorth 
fork include a pure white, blocky, low­
density sediment that may be diatomaceous. 
( Similar material was observed in back-hoe 
prospect pits in the NE 1/4 sec. 23, T. 23 
N., R. 20 E. that have since been fi lied . ) 
At one loca I ity the re is a clear ex amp le of 
basalt intrusive into interf low sediment. The 
basalt occurs as irregular masses only a few 
feet in diameter, having glassy margins. 

Simi I a r inte rf low sediment is exposed in 
roadcuts in the Wenatchee Heights 7 
1 /2 -minute quad rang le. One exposure is in a 
roadcut 'Mlere the ooundaries between Rs. 20 
and 21 E. and between Tps. 21 and 22 N. 
cross. Here basalt is intrusive into interflow 
sediment that consists entirely of light­
colored, nearly white, shale. The shale 
contains well-preserved fossils of deciduous 
leaves and conifer needles. Farther oown the 
same road, in the northern part of sec. 1, 
T. 21 N., R. 20 E., there is a similar 
occurrence. At this locality, fossi Is are 
rare, but a pumiceous layer is present. 
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ROCKS OF UNCERTAIN AGE 

In the terrane east of the Wenatchee 
River, which is largely basaltic landslide 
debris that has been mantled with Quaternary 
flood deposits (sands and gravels) along the 
lower elevations, there is a unit that belongs 
to neither of these, but cannot be correlated 
with other units. Little of this unit is 
exposed, but the best occurrences are at a 
gravel pit in the NE 1/4 sec. 26, T. 23 
N., R. 20 E. It is present oo the north 
side of the pit , lying be low unconsolidated 
sand of Quaternary age and above Wenatchee 
Formation that is exposed in the bottom of 
the pit. It also occurs in a smaller 
excavation north of the main pit. The 
thickness is only about 4 to 5 ft. The unit 
consists of wel I-cemented conglomerate that 
has a distinct bimodal grain size distribution 
between the general clast size and the sandy 
matrix. Clasts typica I ly range from 2 to 4 
inches long, but boulders up to 2 ft in 
diameter are present. Much of the clast 
material is gneissic, but other varieties of 
metamorphic rocks are present, including 
greenstone. Basalt clasts similar in 
apppearance to Columbia River basalt are 
included, as well as other types of \Olcanic 
rocks ranging from rhyolite to porphyritic 
andesite. Al I clasts are wel I rounded. 
Directly south of the pit, the unit is exposed 
on the south wal I of a smal I canyon that 
drains to the west near the center of sec. 
26. At this locality there is more 
sandstone, and conglomerate occurs as a 
2-foot-thick bed within it. The sandstone, 
which is cemented with calcite, is best 
described as a lithic arkose. 

Caliche zones are common in the terrain 
east of the Colunbia River, and it is 
tempting to consider the unit to be calichified 
flood gravels of Quaternary age. However, 
the flood gravels (described in a later 
section) are typically poorly sorted and 
cont a in abundant angular clasts. Al though 
Chumstick Formation also occurs in the 
drainage where the conglomerate crops out, 
and although Chumstick conglomerates typically 
contain clasts of gneiss and felsic \Olcanics, 
the unit is not believed to be Chumstick 
Format ion because ( 1) it contains clasts of 
basalt that resemble Colunbia River basalt 
and (2) it appears to stratigraphically overt ie 

Wenatchee Formation at the gravel pit. If 
the unit is post-Miocene (post-Columbia River 
basalt) but pre-Quaternary, then it is 
difficult to ascribe a source to the clasts of 
metamorphic rocks other than by transport 
down the Columbia River valley. It is 
possible that this unit represents river gravels 
from an early stage in the development of the 
Colunbia drainage. 

Another unit of unknown age is present 
in the NE 1 / 4 sec. 14, T. 2 3 N. , R. 2 0 
E. The best exposures are along an east­
west-trending belt on the slope facing south 
into the main drainage at an elevation of 
about 1,500 ft; another exposure is farther 
north around the hi II at an elevation of about 
1 , 600 ft. The unit probably forms a 
continuous loop between the t'M> exposures. 
It is estimated that the re is less than 100 ft 
of stratigraphic thickness. On the south­
facing slope, the lower part of the unit is 
best exposed in a prominent pinnacle. The 
base of the pinnacle appears to be cemented 
alluvium. It rests on reddish rock that 
appears to be weathered gneiss. It is 
unstratified and contains angular clasts l.4> to 
1 foot in diameter composed of volcanic rocks 
and gneiss. The volcanics are varied in 
I ithology, but the preci:>minant type is a gray 
porphyritic andesite. Rare basaltic clasts 
occur, but they are of coarse-grained, almost 
diabasic texture, a texture that is not typical 
of Columbia River basalt in the Wenatchee 
area. The matrix is finer grained and 
moderately well cemented; calcite in the 
cement is only present loca I ly. The cap of 
the pinnacle, which is depositionally oo the 
basalt unit, is a 6-foot-thick section of 
volcanic rock. It has a reddish-brown color 
with abundant plagioclase phenocrysts, and it 
is probably an andesite. It is uniformly 
porous with a low density and may be a 
welded tuff. The \Qlcanic unit can be 
fol lowed across the slope to the west in poor 
exposures • About 60 to 7 0 ft iups lope from 
the pinnae le, there is a wel I-exposed 
conglomerate unit with rounded clasts. The 
lithologies are the same as in the basal unit 
of the pinnacle. It is poorly sorted, with 
clasts l4> to 3 ft in diameter. The matrix is 
poorly sorted, including clay- to gravel-sized 
material, with angular pebbles. The unit is 
overlain by landslide debris of Columbia River 
basa It, al though the contact is not exposed, 
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and basalt talus from the overlying unit 
litters or covers parts of the conglomerate 
unit . 

The conglomerate unit described above 
was noted by Chappell (1936, p. 64; fig. 
20, p. 66), who apparently considered it to 
be a basal conglomerate of the Swauk 
Formation. It is not correlative with any of 
the formal units (Swauk, Chumstick, or 
Wenatchee) in terms of either lithology or 
mode of deposition. Nor is it considered to 
be correlative with the conglomerate at the 
gravel pit in sec. 26, because of differences 
in depositional environment, the presence 
versus absence of inte rbedded tuff, the role 
of calcite cement, and presence versus 
absence of clasts of Columbia River basalt. 
It is possible that the unit in sec. 14 is a 
Miocene unit that pre-dates Columbia River 
basalt, but definitive radiometric dating will 
be necessary because of the ambiguity of the 
stratigraphic position. 

INTRUSIVE IGNEOUS ROCKS OF 
CENOZOIC AGE 

Igneous rocks of the Wenatchee area were 
noted briefly by Smith and Calkins ( 1904), but 
the most detailed previous \\Ork is by Chappel I 
(1936) and Bayley (1965). Chappell (p. 97) 
called the intrusive rocks "the most extraor­
dinary of all the geologic features of the map 
area. • He considered a 11 to be of Eocene age, 
but he divided them, for convenience, into two 
groups. His first and largest group, which is 
referred to as the Horse Lake Mountain intrusive 
complex in this report, includes the several 
large andesitic intrusions and many associated 
dikes and si 11 s that occur over a broad area , 
including Fairview and Yaxon Canyons, Bear 
Gulch, Horse Lake Mountain, Number One 
Canyon, Number Two Canyon, Dry Gulch, and 
Pitcher Canyon. Chappel I's second group is the 
line of plug I ike intrusions that occur along the 
footh i 11 s west of the city of Wenatchee; they 
are referred to as the Wentachee Pinnacles in 
this report. There is an age difference between 
the two groups. The Wenatchee Pinnacles are at 
least pa rt ly of Eocene age, whereas the Horse 
Lake Mountain intrusive complex is of Oligocene 
age. 

Bayley ( 1965) I imited his investigation to 
rocks of the Horse Lake Mountain intrusive 
complex. Both he and Chappell noted a gabbro, 

which they considered to be a phase of the 
andesitic rocks of the Horse Lake Mountain 
comp lex. It is now known to be older, of Eocene 
age. 

This report will describe the younger, more 
extensive Horse Lake Mountain intrusive complex 
first, fol lowed by the Wenatchee Pinnae les and 
the intrusive gabbro. 

HORSE LAKE MOUNTAIN 
INTRUSIVE COMPLEX 

The younger intrusive rocks of the area 
were investigated by both Chappell (1936) 
and Bayley (1965), and each used specific 
terminology and (or) assigned informal names 
to specific large intrusive bodies. None of 
the names have been formalized by 
publication. A revised nomenclature that 
retains much of the contribution of the 
previous investigators is presented in table 2. 

Bayley ( 1965 ) used the name 'Twin 
Peaks• as the general name of the intrusive 
complex. The general name "Horse Lake 
Mountain• is given here for several reasons. 
(1) Bayley's definition of tthe intrusive 
complex included rocks that are now known to 
be of Eocene age; the definition presented 
here includes only rocks that are demonstrably 
of late Oligocene age. (2) Bayley also used 
the name "Twin Peaks• for a specific local 
intrusive body; it is here retained in that 
sense. ( 3 ) The name • Twin Peaks• is used 
by local residents for two prominences located 
in northern sec. 1 O, T. 22 N. , R. 19 E. , 
visible on the skyline to the west of the city 
of Wenatchee. However, the name cbes not 
appear on either the Wenatchee 15-minute 
quadrangle nor the Monitor 7 1/2-minute 
quadrangle, whereas on the Monitor 
quadrangle the name Horse Lake Mountain is 
assigned to the greater prominence. 

The names "Bear Gulch' and 'Fairview 
Canyon• appear on both the Wenatchee 
15-minute and Monitor 7 1/2-minute 
quadrangles, and they are retained for 
specific intrusive bodies. Chappell and 
Bayley both used the name 'Martin• for a 
specific intrusion. It is here revised to 
"Martin's Ranch' which is the name that 
appears on the Wenatchee 15 -minute 
quadrangle; the name is not given on the 
Monitor quad rang le. The name • Canyon 
NLmbe r One• is used on the Wenatchee 
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TABLE 2 . - Horse Lake Mountain intrusive complex, terminology 

Tenninology and location 
in this report 

Terminology of Chappell (1936) Terminology of Bayley (1965) 

General name: 

Horse Lake Mountain 
intrusive complex 

Specific large intrusions: 

Eocene intrusions (laccoliths) Intrusive complex of the 
Twin Peaks area 

Bear Gulch composite sill; Bear Gulch laccolith (p . 100) 
southern sec. 4, T. 22 N. , 

Bear Gulch stock (p. 25 ,27) 

R. 19 E, 

Twin Peaks intrusi ve breccia and None 
associated sill-dike complex; 
NEl/4 sec. 10, T. 22 N. , R. 19 E. 

Twin Peaks stock (p. 28) 

Martin's Ranch sill; Martin laccolith (p. 100) 
northern sec . 23, T. 22 N., 

Martin stock (p. 26,27) 

R. 19 E. 

Canyon Number One composite sill None 
and stock; extends from SEl/4 sec. 23, 
SWl/4 sec . 6, T. 22 N., 
T. 23 N., R. 19 E. to southern 
sec . 7, T. 22 N. , R. 20 E., 
reaching greatest width at eastern 
sec . 35 and most of sec. 36, 
T. 23 N., R. 19 E. 

Canyon Number One stock (p . 28) 
( restricted to SWl/4 sec. 6 , 
T. 22 N. , R. 20 E. ) 

Fairview Canyon sill; extends from Laccolith of Fairview Canyon 
SEl/4 sec. 22 to center sec. 34, (p. 104) 

Group of sills of Fairview 
Canyon (p. 15-17) 

T. 23 N. , R. 19 E. 

Included in Horse Lake Mountain intrusive complex: Numerous scattered and(or) isolated dikes and sills having 
compositions ranging from andesite to basaltic andesite and characterized by hornblende phenocrysts . 

Excluded from the Horse Lake Mountain intrusive complex: (1) An older gabbro dike or sill that occurs at several 
localities and that was noted by Chappell (1936, pp.111, 126, 144) and described by Bayley (1965) as diabase of his 
Canyon Number One stock (p.31) and the gabbroic sill of Pitcher Canyon (p.22) (2) The northwest-trending belt of 
pluglike intrusions in the foothills west of Wenatchee that range in composition from andesite to rhyodacite and 
are named, from north to south, Castle Rock, 01 d Butte, Squaw Saddle ( Saddl erock), Wenatchee Dome, a.nd Rooster Comb. 

15-minute quadrangle, whereas the name 
• Number One Canyon• is used on the Monitor 
and Wenatchee 7 1/2-minute quadrangles. 
The former, previously applied to a specific 
intrusion by Bayley, is retained. 

ROCK TYPES 

Chappell ( 1936) cone luded that the 
majority of the intrusive rocks (dikes, sills, 
and laccoliths) are simila r in composition and 
range from basalt to andesite porphy ry with 
phenocrysts of black hornblende, hypersthene 
o r augite, and white plagioclase in a 
greenish- gray aphanitic groundmass . He was 
not able to classify them accu rately in the 
field and mapped all as "andesite. • 
Petrographical ly, Chappel I noted that 

c lassification continues to be diff icult if a 
plagioclase composition of An50 is used as 
the division between basalt and andesite 
clans. Chappel l determined that a range of 
An40 to An60 is typ ica I of the rocks. He 
found that the porphyritic texture is less 
noticeable and hypersthene or augite become 
minor constituents as the rocks become more 
basaltic. In rocks that contain labradorite, 
Chappell observed that maf ic phenocrysts may 
be hypersthene or hornblende, but that 
pyroxene never achieves the large size of 
alll)h ibo le . He noted that augite occurs in 
many andesite porphyries and becomes the 
dominant mafic mineral of the more maf ic 
rocks. 

Bayley (1965) classif ied sills into two 
variet ies. The first type is described as fine 
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grained, I ight brown to gray, with occasional 
phenocrysts of hornblende. The phenocrysts 
range to 3 mm long and are needle shaped. 
The second type is described as medium 
grained, light gray to brown (more grayish 
than type one), and more highly porphyritic. 
Euhedral hornblende phenoc rysts range to 7 
mm long and plagioclase grains are up to 3 
mm long. Bayley oonsidered that the color 
and mineralogy of both types defines them as 
andesite porphyry. 

Petrography described by Bayley is 
apparently on altered rocks, as he reported 
up to 20 percent "clay minerals• and 10 
percent calcite in estimated rmcles of the two 
sill types. For type-one sills, he reported 
normally zoned plagioclase ranging in 
co~osition from An55 to An70; where 
hornblende is present, plagioclase cores have 
a composition of An60. Preserved plagioclase 
may show Carlsbad or albite twinning, and 
the grains are euhedral to subhedral. For 
type-tY.O sills, Bayley reported euhedral to 
subhedral zoned plagioclase phenocrysts to 
3mm long with compos1t1ons of about 
An70 for cores and An6o for the rims. 
Oscillatory zoning and synneusis twinning also 
were noted. For type-one sills, Bayley 
reported that cumulophyric segregations of 
hypersthene and augite may occur in the 
groundmass, but are not oonmon. For type­
t\o\O si 11 s, he noted the common occurrence of 
euhedral hornblende phenocrysts to 4mm long 
that may exhibit either twinning or zoning. 
Pyroxenes were noted in the groundmass of 
some specimens, with hypersthene the most 
common in isolated phenoc rysts to O . 5 mm 
long or as cumulophyric masses. Bayley 
found that type-one sills have a wel I­
developed pi lot ax it ic texture due to alignment 
of plagioclase laths and microlites around 
phenocrysts, whereas type-t'.\O sills show a 
randomly oriented texture. He concluded that 
the plagioclase co~osition of most si I ls 
( both types) is in the labradorite field and 
that the rocks should be classified 
petrographically as basalt or basalt porphyry. 
However, the color index of 30-40 is in the 
andesitic range. Bayley therefore cal led the 
sills calcic andesite porphyry. 

Bayley ' s ( 1965) hand specimen and 
petrographic descriptions of stocks and dikes 
are generally similar to his description of 
type-ty,o sills, except that the reported 

plagioclase co~ositions are more sodic 
( andesine), ranging from An33 to An48 , and 
locally as high as An60 • Among al I the 
intrusive rocks, primary igneous accessory 
minerals reported by Chappell (1936) and 
Bayley (1965) include quartz, magnetite, and 
apatite. 

I agree with Chappel I concerning the 
difficulty of field classification of the 
intrusive rocks, particularly in view of the 
high degree of alteration (descdbed below) 
that has affected most of them. Some rocks 
that appear to lack mafic minerals can be 
shown to be altered varieties of typical 
hornblende andesite. Color also is sensitive 
to various kinds of alteration. Bayley 
(1965) failed to note the large hornblende 
phenocrysts that occur locally throughout the 
intrusive co~lex. Chappel I ( 1936) had 
observed that "hornblende phenocrysts are 
usually sparsely distributed but often of 
abnormally large size.• I noted t\.\O common 
varieties of igneous rock. The first has 
uniformly small, needle-shaped hornblende 
phenocrysts; the second has larger, stubbier 
phenoc rysts. It is in the latter that 
abnormally large hornblende phenocrysts may 
occur. This variety also may contain 
hornblende phenocrysts of variable habit and 
with either a range of phenocryst sizes or 
with a distinctly bimodal distribution of the 
sizes of hornblende crystals. The variety 
with uniformly sized, acicular hornblende is 
typically light gray in an unaltered rock, 
such as in the Ma rt in' s Ranch si 11. The 
variety with stubby hornblende crystals is 
typically darker and often has a grreenish cast 
that may be due to chloritic alteration. Both 
varieties \.\Ould be considered as type-t\.\O; 
that is, medium-grained porphyries in 
Bayley' s classification. Occasional unusual 
compositions, including some that are 
sulfide-bearing, are discussed in a section 
below on isolated si II and dike occurrences. 

CANYON NUMBER ONE COMPOSITE 
SILL AND STOCK 

Bayley ( 1 96 5 ) noted a prominent cliff of 
columnar jointed andesite on the south side of 
Number One Canyon at the border between 
sec. 7, T. 22 N., R. 20 E., and sec. 12, 
T. 22 N., R. 19 E., and used this 
occurrence to define the "Canyon Number 
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One• intrusion as a semiconco rdant stock. 
Included in his definition is 'diabase' 
occurring below the andesite and which is now 
known to be an older gabbro (discussed 
below). The jointed andesite noted by Bayley 
is part of the largest continuous mass of 
intrusive andesite in the map area, covering 
an area of about 9.5 km2 (about 3 .6 mi2 ), 
and it is here defined as the Canyon Number 
One composite sill. The older gabbro is 
exc I uded from the new definition • 

The great areal extent of the lx>dy was 
not recognized previously because generally it 
is not wel I exposed. This is due to seve ra I 
factors, including the altered and (or ) 
weathered condition of much of the rock and 
the low topographic relief of much of the 
terrain in which the unit occurs. Such 
terrain is typically grassy, with only 
scattered poor outcrops of weathered andesite 
at ground level. Between exposures there 
may be a rubbly surface deposit of granular 
decomposed andesite. This may grade into 
dark- red to brown soi Is that are distinct from 
the I ighter, grayer soi Is developed on the 
sedimentary units. Such criteria were used , 
for example, in mapping the eastern contact 
of the unit north of Number One Canyon, and 
verification was provided by occasional larger 
or fresher outcrops. Hill 2689 in the SW 
cor. sec. 31, T. 23 N . , R. 20 E., is an 
example of an outcrop of altered andesite in 
which hornblende phenocrysts are destroyed, 
and an example of relatively •fresh• andes ite 
with preserved hornbl~nde is located at NE 
1 / 4 sec • 3 6 , T • 23 N • , R • 1 9 E • The 
eastern contact is located between the center 
and western border of sec. 25, T. 23 N., 
R. 19 E. Here a farm road passes through 
a notch in a ridge of altered (zeol itized ) 
andesite. To the immediate east of the 
notch, pebbly float of the L.4>per member of 
the Wenatchee Format ion is abundant. Much 
of the terrain in the vicinity of Horse Lake 
is under cu It ivat ion, but evidence that it is 
underlain by andesite is found in the abundant 
float of igneous rock around Horse Lake and 
in pi les of andesitic rock gleaned from fields 
west of Horse Lake. 

Over much of its extent, the Canyon 
Number One lx>dy apparently is a si II that 
was intruded at shallow depth into the 
unconformity between the Wenatchee and 
Chumstick Formations. Although of large 

areal extent, it is difficult to imagine that it 
continues at depth as a large discordant 
stock, because the porphyritic texture is not 
consistent with the coarser-grained texture 
expected from cooling of a large igneous 
mass. It is clea r from the map and cross­
sections that it occurs in a terrain of 
relatively flat topography, particularly in the 
vicinity of Horse Lake. This is interpreted 
as the stripped, partly eroded, and perhaps 
originally irregular ~per surface of the si II . 
Wenatchee Formation occurs frequently around 
the edges of the intrusion, and patches of 
Wenatchee appear to •float • on the intrusion 
at several localities. Examples of "floating• 
Wenatchee Formation are ( 1) on the ridge 
between Nunber One and Nunber T'v\O Canyons 
at the border between the Wenatchee and 
Monitor quadrangles in sec. 7, T. 22 N. , R. 
20 E., (2) on the north slope of Number 
One Canyon at the oorder between sec. 6, 
T • 2 2 N • , R • 2 O E • , and sec • 1 , T • 2 2 
N., R. 19 E., (3) at SW 1/4 sec. 36, T. 
23 N., R. 19 E., and (4) at SE 1/4 sec. 
26, T. 23 N. , R. 1 9 E. The large si 11 
apparently was fed by smaller sills moving 
upward along inclined Chumstick and(or) 
Swauk bedding planes. The magma was 
channeled into the weak plane of the 
unconformity and was capable of hydraulically 
lifting flat-lying Wenatchee Formation, which 
was probably little more than 1,000 ft thick 
and not overlain with any significant thickness 
of younger formations. 

At the southern end of the main mass of 
the intrusive body, in Number T'M> Canyon at 
sec. 7, T. 22 N., R. 20 E., it is thick 
and clearly discordant to Swauk(?) Formation 
that under I ies the Swauk-Wenatchee 
unconformity as projected from the immediate 
east • Al though exposures nea r the va I ley 
floo r are poor, an 800-foot-thick, apparently 
uninterrupted, mass of andesite appears to 
extend from Hill 2410 to the 1,400-foot 
contour at the va lley floor on the north side 
of the canyon. To the west of this point of 
greatest thickness, a patch of Swauk rocks 
ii lust rates thinning of the intrusive oody and 
the discordance of its contact with the 
Swauk. On the grassy and partly 
lands I ide-af fected south side of the canyon, 
scattered exposures at northern secs . 17 and 
18, T. 22 N., R. 20 E. undoubtedly are 
tongues of the main intrusion, and it is 
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conceivable, but not demonstrable, that smal I 
intrusive bodies in northern section 20 and in 
upper Dry Gulch rould be distal parts of the 
intrusive unit. 

In the eastern half of sec. 7, T. 22 
N., R. 20 E., on the north side of Number 
T'AO Canyon, t'A.O belts of Wenatchee 
Formation are displaced cbwnward and rotated 
relative to adjacent flat-lying Wenatchee that 
caps Chopper Hi II. The westernmost belt 
contains a preserved segment of the 
Swauk-Wenatchee unconformity at its lower 
end. Tongues of andesite occur between the 
belts, and the smal I patch of Swauk {?) 
Formation below the preserved unconformity 
has bleached contacts against andesite . The 
general N-S orientation of the belts is 
subparallel to the strike of vertical Swauk 
beds below the Swauk-Wenatchee unconformity 
at Chopper Hil I to the east. The belts are 
interpreted as slabs that foundered and sank 
into the liquid andesite. A few small sills 
of andesite are emplaced into flat-lying 
Wenatchee Format ion on Chopper Hi 11. 

At the massive exposure on the rorth 
side of Number T'M> Canyon below and west 
of Chopper Hil I, there are t'M> major rock 
types. The central and western portions of 
the exposure are romposed of altered andesite 
having a light- to medium-gray color, 
sometimes with preserved or only partly 
altered acicular hornblende. Hornblende is 
gone from much of the rock and is replaced 
by calcite, which also locally replaces cores 
of plagioclase. On weathered surfaces the 
calcite has dissolved and left molds of 
euhedral mafic minerals that superficially 
resemble vesicularity . Patchy white zeal ite 
may be developed in the rock. The second 
rock type occupies most of the western side 
of the large exposure. It is composed of 
fine-grained, somewhat flinty brownish-pink 
rock, in which only ghosts of mafic minerals 
occur as wispy brown iron oxides. It 
apparently is a more highly altered and 
oxidized variety of andesite. Postive 
response to HCI indicates minor calcite, but 
not as much as in the gray-colored rock 
type. Patchy white zeolite also may be 
present in the pink rock. These t'A.O rock 
types also are found on the south side of 
Number T'A.O Canyon, for example at a large 
exposure in the NW cor. sec. 17, T. 22 N., 
R. 20 E. He re the gray variety has a lining 

of reddish iron oxide around calcite that has 
replaced mafic minerals. The pink variety 
also has been noted farther north at the west 
border of the intrusion near center sec • 1 , 
T. 22 N., K. 19 E. 

The prominent cliff of andesite on the 
south side of Number One Canyon in sec. 7, 
T • 2 2 N • , R • 2 0 E • , and sec • 1 2 , T • 2 2 
N., R. 19 E., for which tsayley named the 
Canyon Number One intrusion, is the type of 
hornblende andesite that contains relatively 
small, needle I ike hornblende phenocrysts. 
Much of it is chloritized, but fresh rock can 
be found. Elsewhere, to the rorth, andesite 
of this intrusion is romposed of hornblende 
andesite with generally larger, stubby 
hornblende crystals and phenocrysts of 
variable size and habit. For example, rocks 
of this type apparently underlie much of the 
terrain around Horse Lake. However, 
andesite with acicular hornblende occurs at 
least as far north as the exposure at NE 1/4 
sec • 3 6 , T • 2 3 N • , R • 1 9 E • Because 
these t\\O rock types are known to occur in 
the area as distinct sills or dikes of 
exclusively one hornblende type, the Canyon 
Number One body is believed to consist of at 
least two separate intrusions and is thus 
termed a "composite si II and stock.• 

TWIN PEAKS INTRUSIVE BRECCIA AND 
ASSOCIATED SILL-DIKE COMPLEX 

Bayley { 1 965 ) defined the • Twin Peaks 
stock" as a rortheast-trending, 2-mile-long, 
elliptical body forming the main summit of 
the Twin Peaks area ( Horse Lake Mountain, 
sec. 10, T. 22 N., R. 19 E.). Actually, 
most of the igneous rock within the area of 
the "stock• is in the form of si I ls with some 
dikes. The only cross- cutting irregular 
igneous mass is a small intrusive breccia. 
Hence the terminology used here is the Twin 
Peaks intrusive breccia and associated si 11-
dike complex. Under this definition, the 
limits of the complex are not wel I defined. 
It includes all the area defined by Bayley 
plus sills and dikes that he mapped as 
emanating from the stock. It certainly 
includes al I the intrusions associated with the 
intrusive breccia in the eastern half of sec. 
10 and western half of sec. 11, T. 22 N., 
R. 19 E., which constitutes the main 
intrusive center. It probably should include, 



Horse lake Mountain Intrusive Complex 33 

and is here considered to include, sills and 
dikes: (1) south of the main intrusive 
center in secs. 14 and 15, (2) north of 
the main intrusive center in E 1/2 sec. 3, 
and (3) west of the main intrusive center in 
sec. 9 and southern sec. 4 ( a 11 T. 2 2 N • , 
R. 19 E.). 

The intrusive breccia is most easily 
reached at the center of NE 1 / 4 sec. 10, T. 
22 N., R. 19 E., where it forms a knob at 
the tip of a prominent flat-topped south­
t rending ridge. From that point it extends 
southeast down a steep ridge into a deep 
valley. It is a pipe I ike lx>dy and in map 
view appears as a northwest-trending cigar­
shaped mass with sills emanating from it. 
The matrix rock type is dark-gray porphyritic 
andesite having a knobby weathering surface. 
Hornblende phenocrysts are abundant and vary 
widely in size and habit. They weather out 
of the rock intact and are found in float and 
talus as euhedral doubly terminated hornblende 
crystals. They generally have a stubby (as 
opposed to acicular) habit, but range from 
prisms somewhat elongated along the c-axis to 
tabular crystals greatly shortened along the 
c-axis. Locally hornblende crystals occur in 
clusters ( 'cumulophyric aggregates• of 
Bayley, 1965). Large masses of hornblende 
that are single crystals rather than aggregates 
occur loca I ly; the largest observed is over 20 
cm ( 8 inches) in length. This massive 
hornblende typically contains numerous 
inclusions. 

T\\O types of xenol iths occur in intrusive 
breccia. The first type (described by 
Bayley, 1965, as gne1ss1c basement and 
pictured in his fig. 11 ) is probably a cognate 
inclusion. The rocks are light gray, 
distinctly lighter colored than the main mass 
of intrusive breccia, and consist of 
hornblende phenocrysts in a light-gray, nearly 
white groundmass. The phenocrysts vary in 
size, but attain lengths as great as 3/ 4 inch 
(2 cm). In contrast to phenocrysts of the 
main brecc ia, those in the xenol iths are 
acicular; as in the breccia, they occur 
locally as aggregates of hornblende crystals. 

The second type of xenol ith is sandstone. 
These are undoubtedly pieces of Chumstick 
Formation, which the breccia intrudes. Both 
types of xenoliths are angular and the main 
igneous rock of the breccia is in sharp 
contact against them. Sandstone xenoliths as 

large as 2 ft in diameter are present; 
cognate igneous xenol iths typically are 
smaller, with the largest observed having a 
diameter of less than 1 foot . 

The intrusive breccia is assumed to be an 
intrusive center. The density of sills and 
dikes is greatest in the vicinity of the 
breccia and it is estimated that within much 
of the area of sec. 10, T. 22 N., R. 19 
E., the sills constitute perhaps 50 percent of 
the stratigraphic section. This is the 
impression gained, for example, in traversing 
the wel I-exposed sect ion in the steep, east­
facing canyon wall in NE 1/4 sec. 10. 
Because of the profusion of sills and the 
steep topography, the si I ls are only shown 
schematically oo this portion of the map. 

The thickness of sills varies from a few 
feet to at least 40 ft. Bayley ( 1965, p. 
18-20) described how he traced a group of 
four sills from a point in southern sec. 14, 
T. 22 N . , R. 19 E., to the north­
northwest into the intrusive center. He 
reported that the si II s increased in thickness 
northward toward the intrusive center from 
only about 4 to 10 ft thick to a maximum of 
alx>ut 40 ft thick. 

In areas of rugged topography, the 
mechanically resistant sills frequently form 
dip slopes and thus show on the map as large 
irregular patches. A number of good 
examples are in secs. 9 and 15, T. 22 N., 
R. 19 E. 

The sills included in the Twin Peaks 
complex are the type that are of dark-gray, 
often slightly greenish, color having large 
stubby hornblende phenocrysts. The habit of 
hornblende phenocrysts in the sills is thus 
consistent with the habit of hornblende 
phenocrysts in the matrix of the intrusive 
breccia. 

A significant feature of the sill complex 
is the lack of disturbance of sedimentary 
bedding. Even where sills constitute perhaps 
50 percent of a stratigraphic section, screens 
of sedimentary rocks sometimes less than a 
foot thick lie concordantly between sills with 
no evidence of internal disruption of bedding. 
This suggests t'M'.> things: (1) the sills were 
probably emplaced passively, rather than 
forcefully and (2) sills were probably 
emplaced one-at-a-time, ratheir than in a 
single massive intrusion. 

Dikes are much less abundant than sills, 
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but several good examples of oorth-striking 
ve rt ica I to near -ve rt ica I dikes a re exposed on 
canyon wal Is in the eastern ha If of sec. 10, 
T. 22 N., t<. 19 E. Throughout the area of 
the Twin Peaks intrusive complex, there are 
occasional examples of si I ls that terminate 
abruptly by becoming cross-cutting dikes. 

BEAR GULCH COMPOSITE SILL 

The Bear Gulch composite sill, composed of 
several varieties of hornblende andesite, is 
located in sec. 4, T. 22 N., R. 19 E. Along 
its northern lx>rder, it forms a prominent north­
to northeast-facing escarpment at least 200 ft 
high, with an extensive talus slope below it. A 
less prominent escarpment occurs along the 
southern lx>rder where the body extends slightly 
into sec. 9. Dips ranging from 25° to 35° SW. 
were measured on exposed surfaces of the sill, 
and dips ranging from 30° to 40° w. to SW. were 
measured in nearby Chum stick Format ion; thus the 
igneous mass is essentially conformable with the 
sedimentary sect ion • 

Chappell (1936, p . 100) termed the Bear 
Gulch intrusion a laccolith; Bayley (1965, p. 
25-26) termed it a semidiscordant stock because 
he could oot see evidence for i.c:>ward bulging and 
the floor is not exposed. Each estimated a 
minimum thickness of 200 ft based on the 
thickness of the northeast-facing escarpment. 
Cross sect ions drawn across the lx>dy from 
mapping in this report suggest that the total 
thickness is on the order of 600 to 800 ft. 

A significant f eatu re of the Bear Gulch 
intrusion is that it is composed of a large 
number of smaller sills . This is especially 
apparent in excellent exposures at the southwest 
end of the mass. Many separate si II s can be 
traced from the sedimentary sect ion into the 
Bear Gulch composite sill where they are either 
directly juxtaposed or have ooly a small amount 
of sedimentary sect ion between them. Throughout 
the body, there are many examples of conformable 
screens of sedimentary rock between igneous 
rocks. This occurs oo all scales, from screens 
only alx>ut a foot thick to sections of sedimen­
tary rock that are probably measured in tens of 
feet. Irregular patches of sediment, having 
cross-cutting relations between bedding planes 
and igneous rock, also occur. The sedimentary 
rock, particularly the finer-grained sediments, 
often is baked to a white brittle rock that 
superficially resembles tuff. 

The Bear Gulch composite si II lies in a 
structural transition zone between rocks to the 
southwest having the northwest strike that is 
typical of the dominant structural grain of the 
Chiwaukum graben and rocks to the north and 
northeast having strikes that are rotated to a 
north to slightly northeast strike. The large 
size of this intrusion is probably related to 
its position in this presumed fault zone. 

MARTIN'S RANCH SILL 

The Martin's Ranch sill is located in 
northern sec. 23, T. 22 N., R.19 E. Likethe 
Bear Gulch composite sill, the Martin's Ranch 
sill was termed a laccolith by Chappell (1936) 
and a discordant stock by Bayley ( 1965). The 
scanty structural data available in this terrain 
suggest that it is a concordant si 11 dipping 25 ° 
to 30° SW. 

The best exposures are along a northeast­
facing escarpment that makes a cliff several 
hundred feet high with striking columnar 
jointing. A large talus pile at the base of the 
c Ii ff obs cu res the lower contact with the 
Chumstick Formation. The road west out of 
Number Two Canyon passes below the cliffs, 
intersecting the talus pile and the extreme 
northwest tip of the si 11. 

The thickness of the si II is estimated as 
600 to 700 ft, similar to the thickness of the 
Bear Gulch composite sill. Unlike the Bear 
Gulch intrusion, the Mart in' s Ranch si 11 is not 
composite, but appears to be a single large 
intrusion. The re is no evidence, in a traverse 
across the strike of the sill, of any screens of 
sedimentary rock that \.\Ould suggest a composite 
origin. 

The hornblende andes ite composing this si II 
is the type that is light gray in color with 
relatively small acicular hornblende phe­
nocrysts. Plagioclase phenocrysts also are 
abundant. Most of the rock from the Martin's 
Ranch sill is relatively fresh, in contrast to 
the alteration that is prevalent in most of the 
smaller sills of the area. 

Bayley (1965, p. 27) noted that the Bear 
Gulch and Martin's Ranch intrusions lie along a 
line that strikes northwest, suggesting a common 
structural control. Structurally, the Martin's 
Ranch si II I ies along the belt of Chum stick 
rocks with normal regional northwest strike, but 
just south of (and thus near to) the fault that 
separates it from a region of rotated or 
disturbed strikes. 
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FAIRVIEW CANYON SILL 

The Fairview Canyon s i II may be tr aced for 
about 2 miles in a northerly direction from the 
center of sec. 34 through sec. 27 to a point 
just southeast of the center of sec. 2 2 ( T • 2 3 
N • , R. 19 E) • Throughout its length in sec • 2 7, 
it forms a prominent cliff along the ridge on 
the west side of Fairview Canyon. The west side 
of the ridge is in part a dip slope of the sill. 
Along much of its exposure in sec. 34, the sill 
also forms a large dip slope. The sill was 
termed a laccol ith by Chappel I ( 1936) , and 
Bayley ( 1965) grouped it as one of a series of 
s i II s in the vicinity of Fairview Canyon. The re 
are indeed many smaller sills in the vicinity, 
but the maximum thickness of the Fairview Canyon 
s i II is estimated at about 300 ft, which is an 
order of magnitude greater than the minor si II 
occurrences. 

Bayley noted correctly that the sill thins 
southward. At its northern end, it thins rather 
abruptly from its area of maximum thickness in 
the cliff over Fairview Canyon, and can be seen 
to pinch out completely on the north wal I of a 
ravine in SE 1/4 sec. 22, T. 23 N., R. 19 E. 
The point where the pinchout occurs is at a 
hinge line along which the beds to the south of 
the line, which strike nearly due north, are 
rotated to a northwest strike in the terrane 
north of the I ine . 

Bayley ( 1965 ) noted that the area on the 
east side of Fairview Canyon, opposite the 
above-described si 11, is al so capped by a large 
sill. He stated that they are not correlative, 
but have a stratigraphic separation of several 
hundred feet. Bayley's second sill is actually 
the northern end of the Canyon Number One com­
posite sill. In contrast to the Fairview Canyon 
sill, which is located between southwest-dipping 
Chumstick bedding planes, the Canyon Number One 
composite sill is relatively flat lying along 
the unconformity between the Chumstick and 
Wenatchee Formations. A fault that strikes 
northerly between the t'M> sills occupies 
Fairview Canyon and has a west-side-up displace­
ment. It thus seems reasonable to assume that 
the "stratigraphic separation• noted by Bayley 
is actually a fault separation and to postulate 
that the Fairview Canyon si 11 was a feeder into 
the larger Canyon Number One oomposite sill. 

Much of the Fairview Canyon si II is altered. 
Occasional fresh exposures indicate that it is 
the type of hornblende andesite having a light-

gray color with acicular hornblende pheno­
c rysts. 

MISCELLANEOUS SILLS AND DIKES 

Many isolated intrusives or groups of intru­
sive rocks, mainly sills, are scattered over a 
much larger area than is indicated by the spe­
cific intrusions or regions of more highly con­
centrated intrusive activity defined above. 
Because all represent essentially the same 
igneous event, it is merely semantics to attempt 
to associate each occurrence with a major int ru­
s ive body, and it is not oone he re. In genera I , 
the sills and dikes consist of homblende andes­
ite of either the light-gray variety with acic­
ular hornblende phenocrysts or the darker rock 
with stubby hornblende phenocrysts. There is no 
apparent systematic pattern of occurrence of the 
tY.O varieties. 

Parts of the map area, including much of the 
higher altitudes of the Monitor quadrangle in 
the vicinity of Horse Lake Mountain, are covered 
with forest and forest soi I. These show as 
"bare spots• on the map amid terranes having 
abundant sills. They are undoubtedly also 
underlain by abundant intrusive rocks. Often 
the ridges in forested terrain are held up by 
igneous rock, which crops out intermittently 
along the ridge crest. These show as lines on 
the map, but the re is often no way of knowing 
whether they represent dikes or sills . No 
attempt was made on the map to show si 11 s and 
dikes with separate symbols . Most sill groups 
a re obvious because they have map patterns that 
indicate conformity with bedding. Chappell 
( 1936, p. 98-100) reported that most si II s are 
in the range of 6 to 20 ft thick, which agrees 
with my observations. Bayley ( 1965, p. 12-13) 
reported several localities where numerous thin 
sills less than a foot thick occur. 

The best easily accessible example of a 
series of dikes is along a new (1979) logging 
road across northern sec. 3, T. 22 N., R. 19 E. 
The road bends sharply around a northwest­
t rending ridge at the northern oorde r of the 
section. Along the stretch of road southeast of 
the bend, dikes ranging in thickness from about 
10 to 60 ft are exposed. They strikeN. 20° w. 
and dip 75 ° NE.; this is nearly para lie I to the 
direction of the road, so the dikes appear as 
slabs in the roadcut. At places the screen of 
sediment between tY.O dikes is only a few feet 
thick. They display a variety of colors and 



36 Geology of the Wenatchee and Monitor q uadrangles 

textures. One is CO"l)osed of hornblende andes­
ite (the variety having large stubby hornblende 
phenoc rysts). Severa I have a uni form fine­
grained textu re and have a greenish hue, perhaps 
indicating extensive chlo ritization. Several 
are fine grained, dark gray (almost black), with 
white spots that are probably altered plagioclase; 
one of these contains sulfide minerals. To the 
south of the hai rpin bend in the road, a branch 
of the road trends nearly north-south with a 
slight v.estward bulge. Near the bulge, a dike 
striking N. 20° w. cuts a fault zone that p re - dates 
the int rusive activity. The slope above the 
road he re is the dip-slope of a si 11. The dike 
can be traced uphill from the roadcut, clearly 
cross-cutting the sill. The sill is extensively 
altered, but is a variety of typica l hornblende 
andesite; the dike is a uniformly fine - grained, 
dark-gray rock. 

CONTACT EFFECTS OF THE 
HORSE LAKE MOUNTAIN INTRUSIVE COMPLEX 

Contact effects of si tis and dikes of the 
Horse Lake CO"l)lex are minimal. Thin chi lied 
contacts are found locally, but generally are 
absent . Bayley (1965, p . 26 and fig. 9) 
described a 3 -cm chi 11 zone with oriented p la­
g ioc I ase laths at the upper contact of the 
Martin's Ranch sill . 

Chappell (1936, p. 98) noted that 
except for s I ight indu rat ion of sedimentary 
rocks, si I l s and dikes typical ly have clean-cut 
sharp contacts with no contact metamorphism . 
As roted above for the Bear Gulch co"l)osite 
si ll, I observed fine-g rained sedimentary rock 
that is baked to a hard, brittle, white rock 
that superficially resembles tuff. Simi lar 
material was roted elsewhere, but occur rences 
are rare. Occasionally there are examples of 
arkose that are more brittle and indurated at 
the contact with an intrusive rock. A thin 
sect ion of one of these showed that biot ite, 
normal ly brown in plain l ight, had been 
converted to a nearly opaque black colo r by 
mild contact metamorphism. 

XENOLITHS IN HORSE LAKE MOUNTAIN ROCKS 

With the exception of the abundant 
xenol iths of Chum stick Format ion and cognate 
inclusions described in the Twin Peaks 
intrusive breccia, occurrences of xenol iths 
are extremely ra re in rocks of the Horse 
Lake Mountain comp lex. Chappell (1936, p. 

120 and 122) described and pictured a small 
xenolith of biotite gneiss in a si II . During 
the present investigation, xenol iths were roted 
at only one locality. The new (1979) 
I ogg ing road, mentioned in the sect ion on 
miscellaneous si II s and dikes, d iverges from a 
jeep trail shown on the 1966 Monitor 7 
1 / 2-minute quadrangle at the border between 
sec. 34, T. 23 N., R. 19 E. , and sec. 3, 
T. 22 N., R. 19 E. One-tenth of a mile 
south of this point along the new road, an 
al tered sill of hornblende andesite contains 
several small (2- to 3- inch) xenoliths of 
what appear to be schistose or gneissic 
metamorphic rocks. They probably represent 
fragments of basement rocks related to the 
Swakane Biotite Gneiss. 

ALTERATION OF ROCKS OF THE 
HORSE LAKE MOUNTAIN INTRUSIVE COMPLEX 

Most of the rocks of the Horse Lake 
Mountain intrusive complex have unde rgone 
mi ld to severe post - emplacement alteration. 
Bayley (1965) described al te ration to 'clay 
minerals' and reported an average mode of 20 
percent clay minerals for fine-grained 
porphyritic rocks . This clay mineral content 
is doubtful unless the samples were from 
weathered outcrops • Al te rat ion that is 
exclusive of weather ing is of th ree main 
types-ch loritization, growth of zeo l ite 
mineral s, and replacement by calc i te. 

Chloritization takes several forms. 
Somet imes the enti re rock is extensively 
ch loritized, giving an overall greenish cast 
and typically producing a fine-gra ined 
texture. In some rocks the hornblende 
phenocrysts are obviously chlo r itized but the re 
is little evidence of chloritizat ion of the bulk 
of the rock. Chappell (1936, p. 123) noted 
that magnetite may also be produced in 
assoc iation with ch loritization of hornblende. 
At a number of local ities, includ1ing some of 
the better exposures around Horse Lake 
Mountain, the chloritization is confined to the 
bo rde rs of si I ts and the inter iors conta in 
fresh rock. 

Zeol ites occur in various forms. Most 
typically they occur as small irregular white 
patches o r blebs scattered th rough the rock, 
probably localized at sites of previous 
plagioclase phenocrysts. Larger patches 
several ems in diameter may occur, and 
sometimes these contain euhedral crystals, 



Horse Lake Mountain Intrusive Complex 37 

often in radiating aggregates. Occasional 
examples of zeol ite growth in fractures were 
observed; some of these have cockscomb 
structure with relatively large wel I-developed 
crystals. No attempt was made to identify 
the varieties of zeolites. Bayley (1965, p. 
18) reported cavities up to 6 inches in 
diameter lined with stilbite crystals; 
elsewhere (p. 39) he tentatively identified 
stilbite or heulandite. Chappel I (1936, p. 
114) reported laumontite and analcite in thin 
section and described and pictured (p . 
120-121) 6-inch radiating clusters of 
heulandite. 

Calcite may occur as replacements of 
individual silicate minerals, bulk replacements 
of silicate rock, or fillings in cavities and 
fractures. Both Chappell (1936) and Bayley 
(1965) noted that calcite replaces calcic 
cores of zoned plagioclase as seen in thin 
section. Calcite as a partial replacement of 
hornblende phenocrysts is obvious at numerous 
localities even in hand specimens; this 
phenomenon seems to be especially typical of 
rocks that are partially chloritized. Calcite 
replacement of silicate material often is as 
small irregular white patches or blebs 
scattered throughout the rock, similar to the 
distribution of zeolites; both zeolite and 
calcite blebs may occur together in the same 
rock. Larger irregular replacement patches 
may contain sparry calcite. A particularly 
good example of fracture-filling calcite 
occurs down the east side of the prominent 
flat-topped south-trending ridge in sec. 10, 
T. 22 N., R. 19 E. It attains a thickness 
of nearly 1 foot and is lined with dogtooth 
calcite crystals. Chappell (1936, p. 120 ) 
described cavities filled with lx>th calcite and 
zeolite minerals. 

Although one type of alteration may be 
more obvious or pronounced in an individual 
specimen, all three types of alteration may, 
and commonly do, occur together in the same 
rock. The texture of the intrusive roe ks 
suggests that they are hypabyssal rocks 
emplaced at relatively shallow depth. The 
Chumstick Formation that they intrude has 
good porosity and permeability. During 
emplacement of the Horse Lake Mountain 
complex, the formation probably contained 
ground waters saturated with calcium 
carbonate. Heating of the ground waters by 
the igneous rocks, even after solidification, 

must have established long-~ived thermal 
convective systems that caused the extensive 
alteration of the rocks soon after their 
emplacement. 

AGEANDEMPLACEMENTOFTHE 
HORSE LAKE MOUNTAIN INTRUSIVE COMPLEX 

The age of the Horse Lake Mountain intrusive 
complex is based on five K-Ar dates of 
hornblende from various parts of the complex and 
by different investigators (table 3). The 
average age is about 2 9 m. y. or late 
Oligocene. 

Chappell (1936, p. 137-147) apparently 
was impressed with the passive mode of emplace­
ment inferred from the field relations. He 
postulated an 'akmol ithic' mechanism of em­
placement whereby the sedimentary rocks were 
deformed independent I y of the c rysta 11 ine 
basement, creating \Oid spaces ( such as in the 
axial portions of folds) that were filled 
passively by magma contemporaneously with 
de format ion. Bayley ( 1965 , p. 43) only com-

TABLE 3. - Potassium-argon ages of hornblende 
from the Horse Lake Mountain intrusive 
complex - All ages from hornblende ande­
sites 

Occurrence and locality 

Sill at Horse Lake 
Mountain, sec. 10, 
T. 22 N., R. 19 E. 

Shallow stock, 
Martin's Ranch, 
sec. 23, T. 22 N., 
R. 19 E. 

Shallow stock, 
Number One Canyon, 
sec. 7 , T. 22 N. , 
R. 20 E. 

Sill at Horse Lake 
Mountain, sec. 10, 
T. 22 N., R. 19 E. 

Breccia dike at 
Horse Lake Mountain, 
sec. 10, T. 22 N. , 
R. 19 E. 

Average of ages from Horse Lake 
Mountain intrusive complex 

* Courtesy of R. W. Tabor, 
personal communication . 

Age (m.y . ) 

29 .4 + 2.1 

28.2 + 3.2 

34.2 + 3.2 

24.9 + 0.4* 

29.8 + 6.6* 

29.3 
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mented briefly on the mechanism of emplacement ; 
he considered intrusion of the complex to be 
post-deformational and control led by a regional 
fracture system. 

I agree with Chappel I that the passive 
intrusion of the Horse Lake Mountain intrusive 
cofll)lex is synchronous with deformation, but I 
disagree with the • akmol ith ic • concept • The 
evidence from the new detailed mapping suggests 
that a major right-lateral shear couple deformed 
the al ready southwest-dipping Chumst ick beds, 
causing rotation of the beds and opening of 
bedding planes as in a giant kink band. The 
evidence for this is discussed in detail in the 
sect ion on st ructu rat geology. 

WENATCHEE PINNACLES 

The Wenatchee Pinnacles consist of intru­
sions forming prominent spires along the 
foothills immediately west of the city of 
Wenatchee. They are aligned and trend northwest 
for approximately 3 miles from NW 1/4 sec. 22 to 
NW1/4 sec. 8, T. 22 N., R. 20 E. Several of 
the more resistant and topographically prominent 
pinnacles are named. From northwest to 
southeast they are Castle Rock, Old Butte, Squaw 
Saddle, Wenatchee Dome, and Rooster Comb. With 
the except ion of Wenatchee Dome, the names 
appear on the Wenatchee 7 1/2-minute quad­
rangle. Wenatchee Dome is a name used by 
Patton and Cheney ( 1971) for a prominent knob 
rising above the valley floor at the southern 
terminus of Miller Street in the SW cor. sec . 
15, T. 22 N., R. 20 E. The igneous rocks that 
compose the pinnacles may be grouped into maf ic 
and fel sic varieties. Cast le Rock, Old Butte, 
and Squaw Saddle are part of the mafic group; 
Wenatchee Dome and Rooster Comb compose the 
felsic group. 

The mafic rocks apparently form a 
continuous belt with a pinch-and-swel I 
st rue tu re ; th is is determined by mapping the 
less prominent maf ic exposures and tracing 
zones of reddish soil (developed on the mafic 
rocks) between the prominent pinnacles. The 
belt of mafic rocks passes about 0.3 mile 
southwest of the felsic rocks and lies entirely 
within a northwest-trending belt of Swauk (? ) 
Formation. 

Patton and Cheney ( 1 9 71 ) a I so mapped 
the belt of mafic rocks west of the felsic 
rocks and Chappel I (1936, p. 126) noted 
that a dike west of the felsic rocks is 

similar in composition to a border phase of 
Squaw Saddle. 

The felsic rocks are t\<\O isolated 
exposures that lie along the northwest­
t rending fault that separates the Swauk (?) 
and Chumstick Formations ; there is no 
evidence of a connect ion between the t'M> 
exposures • Rhyol ite and pe rl ite we re 
reported to occur at depth at a site on the 
western l:x>rder of sec. 26, T . 22 N., R. 
20 E.; this is southwest of, and on line 
with, Wenatchee Dome and Rooster Comb. In 
a test hole drilled on Wenatchee Heights at 
an elevation of 2,500 ft, the igneous rock 
was encountered at depths of 678 to 940 and 
1 , 060 to 1 , 360 ft ( Patton and Cheney, 
1971 ) • 

FELSIC ROCKS OF THE WENATCHEE PINNACLES 

The composition of Wenatchee Dome and 
Rooster Comb has been described variously as 
soda-rhyolite (Smith and Calkins, 1904, p. 
55-56 ) , rhyolite (Lovitt and Skerl, 1958), 
and biotite-dacite porphyry or porphyritic 
biotitic dacite (Chappell, 1936, p . 125; 
Patton and Cheney, 1 971 ) • Chappel I ( 1936, 
p. 12 6) estimated the si I ica content of a 
glassy phase of the intrusion as 7 2 wt. 
percent based on a measured rehactive index 
of 1 .495. No geochemical data are 
available, and the rock is here termed 
biot it ic rhyodacite porphyry. 

The outcrop appea ranee of rhyodac ite, 
particularly Wenatchee Dome, is characterized 
by a distinct platy structure. Chappell 
( 1936, p. 106) commented that it has a 
fairly consistent alignment with the periphery 
of the body, and Patton and Cheney ( 1971) 
refer red to it as ex foliation sheets with flow 
banding parallel to jointing. Although slabs 
of the rock fall away as sheets parallel to 
the outcrop in many places, it should be 
emphasized that the platy structure is not a 
weathering ex foliation but is due to a 
pronounced flow banding. Locally, along the 
west side of Wenatchee Dome the flow banding 
and platy structure are clearly oblique to the 
outcrop surface. As one traverses up the 
west side of Wenatchee Dome, the flow 
banding flattens and roughly paral lets the 
external cbmical form of the outcrop. But 
the flattened flow banding at the top 
terminates abruptly on the eastern side and 
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does not bend back down the eastern side as 
would be expected of a weathering 
exfoliation. Rather, the truncated foliation 
gives the impression that an eastern part of 
the igneous body is missing. 

The rhyodacite is light gray, nearly 
white. Quartz, mm-size, and plagioclase 
phenocrysts are in an aphanitic to glassy 
g roundmass. Quartz phenoc rysts sometimes 
show euhedral forms, but more typically are 
rounded and(or) embayed . Locally the rock 
has a brecciated textu re on a submac roscopic 
level, evidenced by lighter-colored angular 
patches of aphanitic rock surrounded by 
slightly grayer, more glassy material. The 
pronounced flow banding is due to alternating 
layers of aphanitic and glassy material. The 
mafic mineral content is low and crystals are 
smal I; but typica I ly biot ite and, to a lesser 
extent, hornblende are recognizable under a 
hand lens. 

A glassy phase of the intrusion, which 
has been termed "pert ite • (Chappell , 1936, 
p. 106; Huntt ing, 1949) occurs at the 
borders of 1:x>th Wenatchee Dome and Rooster 
Comb. It extends outward at least 50 feet 
west of Wenatchee Dome ( Chappel I, 1936) 
and the best exposures occur there. The 
material is intensely fractured and breaks 
down to a friable sand, making it impossible 
to obtain a coherent hand sample. It is 
light-gray colored with whitish to yellowish 
specks that apparently represent an alteration 
product. Biotite flakes occur in the glass 
matrix. The per I ite appears to be restricted 
to the western side of Wenatchee Dome and 
the eastern side of Rooster Comb. 

Pet rographical ly, Chappell (1936, p. 
125) reported that phenocrysts of plagioclase 
and quartz in the porphyry typically have 
irregular outlines and occasionally are broken. 
Plagioclase (andesine to oligoclase) is either 
zoned or consists of a compound aggregate of 
optical units; it commonly contains glass 
inclusions . The glassy groundmass has 
numerous microlites of quartz and plagioclase 
and local patches of microspherul ites or 
swarms of rodlike longulites. Scattered 
biotite and occasional euhedral hornblende 
phenocrysts occur . The petrography of 
pert ite is reported by Chappel I as primarily 
glass with less than 10 percent total 
phenocrysts of quartz and plagioclase (An27) 
with glass inclusions . The glass is described 

as having numerous aligned longulites, a few 
globulites, and cha racter istic per,litic cracks. 

The apparent truncation of tlow foliation 
on the east side of Wenatchee Dome and the 
distribution of the pert ite l:x>rder phases of 
the t'AO l:x>dies suggest the possibi I ity that 
Wenatchee Dome and Rooster Comb were once 
part of a single intrusion and have been 
separated by faulting. The small amount of 
right-lateral displacement required is 
consistent w ith postulated right -lateral 
movement of the nearby Entiat fault during 
Eocene time. 

Radiometric dates for Wenatchee Dome 
include K-Ar ages of 43.2 + 0.4 m.y . and 
43.5 + 1.6 m.y. for- biotite f rom, 
respectively , rhyodacite and perl ite (table 4) 
and fission-track ages for zircon of 51.4 + 

2 .8 m.y. (by Charles w. Naeser) and 47 .o 
+ 2.7 m.y. (by Joseph A. Vance) (J .A. 
Vance, personal communication, 1981). If 
the younger K-Ar ages are correct, they 
suggest that emplacement of rhyodaci te was 
control led by the fault zone between 
Swauk(?) and Chumstick Formations. If the 
older fission-track ages are correct, then the 
rhyodacite is older than the Chumstick 

TABLE 4. -Potassium-argon ages of Eocene shal­
low intrusions into the Chumstick and 
Swauk Formations 

Rock type and locality Mineral 

Fine-grained gabbro Whole-rock 
dike/sill south of 
Number One Canyon in 
sec. 12, T. 22 N., R. 
19 E. 

Holocrystalline core Biotite 
of rhyodacite dome 
in sec. 15, T. 22 
N., R. 20 E. 

Glassy margin of 
rhyodacite dome in 

Biotite 

sec. 15, T. 22 N., 
R. 20 E. 

Dike of hornblende Hornblende 
gabbro in quarry at 
Walker Canyon, sec. 
20, T. 25 N. , 
R. 18 E. 

* Courtesy of R. W. Tabor, 
personal communication. 

Age (m.y. ) 

48.3 + 2.8 

43.2 + 0.4* 

41.4 + 1.6 

41.5 + 2.6* 
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Formation; it 'M>uld be an intrusion into the 
Swauk ( ?) that fortuitously occurs along the 
later fault between Swauk (?) and Chumst ick . 

MAFIC ROCKS OF THE WENATCHEE PINNACLES 

The maf ic rocks of the Wenatchee 
Pinnacles clearly differ in composition from 
the felsic rocks ( rhyodacite), but a precise 
identification of the rock type is difficult 
because of extensive alteration at most 
exposures. Most of the alteration is probably 
coeval with silicification of nearby rocks in 
brecciated zones. Alteration commonly gives 

a lighter overal I color to the rocks, making 
them appear superficially less mafic than 
their original composition ( for example, most 
of Castle Rock ) . 

Most of the mafic rocks contain either fresh 
hornblende phenocrysts, partly altered (but 
recognizable) hornblende phenocrysts, or 
indistinct, needlelike "ghosts" that appear to 
mark the sites of former hornblende phenocrysts. 
Thus most of the maf ic rocks were probably 
hornblende andesite or a rock very close to this 
in composition. Smith and Calkins (1904) 
described a border phase of the Squaw Saddle 
body as hornblende-pyroxene andesite having phe­
nocrysts of sodic labrado rite, hornblende, 
hypersthene, and augite with mic rol ites of 
hypersthene, plagioclase (Anso), and magnetite 
in a glassy groundmass. Chappell (1936, p. 
123) stated that "the central portion of the 
Squaw Saddle intrusive body appears to be 
hypersthene-basalt porphyry.' He pictured (p. 
124, fig. 46) a hornblende andesite porphyry 
from Squaw Saddle and concluded that the main 
rock type is andesite porphyry with a lesser 
extent of dacite porphyry. 

During my field examination of the rocks, I 
noted what appeared to be quartz phenocrysts 
under a hand lens; such rocks were noted as 
possibly "dacite' in field notes. Laboratory 
examination under higher magnification indicated 
that clear plagioclase phenocrysts resemble the 
glassy look of quartz if cleavage planes or 
twinning are not obvious . Although some of the 
rocks contain cloudy plagioclase phenocrysts, a 
common feature in these rocks is the occurrence 
of clear plagioclase . Some altered rocks have 
irregular blebs of quartz that apparently are 
due to a si licif ication process, but which also 
may be mistaken for qua rt z phenoc rysts in the 
field. 

Chappell (1936, p. 108) noted the near­
vertical foliation in the mafic rocks, par­
ticularly at Old Butte. On a slabbed and wetted 
surface of a specimen from Old Butte, the re is a 
faint banding due to zones having a slightly 
more yellowish rolor than the normal gray and 
having many inte rna I fine fractures ; this 
apparently is the source of the macroscopic 
platy structure. 

Locally the altered varieties of mafic 
rocks are cut by fine veinlets of silica . At 
Old Butte there are larger silica veins (as 
thick as 3 cm) along the border. The veins 
show evidence of multiple fracturing and 
silica deposition. White and(or) green cherty 
s ii ica forms laminations para I lel to the walls 
of the vein. The interior of a vein may be 
filled with a clearer, more agatelike silica. 
In one specimen, an earlier band of white 
chert is broken into fragments and surrounded 
by later, more greenish silica. Just 
north.....-est of Old Butte there is a poorly 
exposed smal I intrusion that is totally 
oxidized to a reddish-brown color; abundant 
zeolites appear to be vesicle-fillings in the 
rock. 

A small intrusion occurs just below the 
base of the Wenatchee Format ion east of 
Chopper (a triangulation point, elevation 
2319, in NW 1/4 sec. 8, T. 22 N., R. 20 
E.). Although it is near sills of reddish­
brown andesite that int rude th.e Wenatchee 
Formation, it appears more similar to rocks 
of the Wenatchee Pinnacles. Like some of 
the rocks near Castle Rock, it is a light-gray 
rock that supe rf ic i a I ly resembles dac ite, but 
lacks quartz phenocrysts and is probably 
altered andesite. It contains local calcite 
veins and abundant cubes of pyrite that 
measure about a half mm across. 

The age of the mafic rocks of the 
Wenatchee Pinnacles is unce rita in • No 
radiometric ages have been determined, and it 
is not clear whether the rocks are correlative 
with the Horse Lake Mountain intrusive 
complex (29 m.y. age) or the felsic rocks 
of the Wenatchee Pinnacles ( 43-49 m.y. 
age). On the ooe hand, the mafic rocks are 
mostly similar in composition to hornblende 
andesite of the Horse Lake Mountain intrusive 
complex prior to alteration. On the other 
hand, they occur in proximity to the felsic 
rocks with similar alignment (similar 
structural control), and they may contain 
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minor amounts of dacite (that is , 
composition a I ly more akin to rhyodac ite) • 

EOCENE GABBRO 

A distinctive gabbro occurs at several 
places along a regional northwest trend. The 
southernmost exposures are two northwest­
striking dikes on the north side of Pitcher 
Canyon. The easternmost dike lies within the 
Wenatchee 7 1/2-minute quadrangle at NW 
1/4 sec. 28, T. 22 N., R. 20 E. ; its 
extension to the northwest is well exposed at 
canyon bottom in upper Dry Gulch at SE 1/ 4 
sec. 20, T. 22 N., R. 20 E. To the 
east, a second dike is at NE 1/4 sec . 27, 
T. 22 N., R. 20 E., in the Wenatchee 
Heights 7 1/2-minute quadrangle. The dike 
is in fault contact with an andesite si II of 
the Horse Lake Mountain complex. A 
northwest-trending fault drops Wenatchee 
Formation cbwn on the west side relative to 
Chumstick Formation; the andesite sill, which 
intrudes along the Wenatchee/Chumst ick 
unconformity west of the fault, is brought 
into contact with the gabbro dike that 
intrudes Chumstick ,east of the fault. Bayley 
(1965, p. 22) noted the occurrence of this 
gabbro dike, but mapped the gabbro and 
andesite together as a single large intrus ion. 

In the vicinity of Number One Canyon the 
gabbro may be mapped continuously for a 
distance of more than 1 mi le from the NE 
1 / 4 sec • 1 2 , T • 2 2 N • , R • 1 9 E. , 
northward to NW 1/4 sec. 1, T. 22 N., R. 
19 E. The best exposures of the gabbro 
along this belt are at several prospect pit s 
near its southern end on the slopes east of 
Hill 2521, at canyon bottom in the places 
where it crosses the north and south forks of 
Number One Canyon, and near its northern 
terminus. At its southern end, it is cut off 
obliquely by a thrust fault; at its northern 
end it is overlain by the Canyon Number One 
composite sill. It is a sill at its southern 
end and over ·much of the distance that it is 
traced northward, but becomes a cross-cutting 
dike just before its northern terminus. This 
gabbro sill (dike) has an estimated maximum 
thickness of about 250 ft. 

Although good exposures of this lx>dy occur 
a,ly sporadically, it is easily traced both in 
the field and on aerial photographs by a 
distinctive dark reddish-brown soil that devel-

ops a, it. Both Chappell (1936, p. 145) and 
Bayley (1965, p. 31) observed the intrusion at 
Number One Canyon, and both described it as an 
irregular stock I ike body. Chappell considered 
it to be a deeper-seated maf ic phase of the 
Horse lake Mount a in comp lex; Bayley roted that 
it was structurally below the Canyon Number One 
andesitic intrusion but drew no conclusions con­
cerning relative ages or correlation . Bayley 
correctly noted a similarity to the occurrences 
in Pitcher Canyon. 

In hand specimen the gabbro is a dark-gray 
to black, medium-grained, nonporphyritic rock 
with laths of plagioclase and pyroxene visible 
under hand lens magnification and frequently to 
the naked eye. Sulfide minerals, apparently of 
primary origin, were noted in specimens from 
Pitcher Canyon and from prospect pits near 
Number One Canyon. Orientation of crystals is 
rancbm. The maf ic rock weathers readily and 
shows spheroidal weathering; excellent examples 
are at the occurrences in Pitcher Canyon and at 
the prospect pits at the southern terminus of 
the longer belt to the south of Number One 
Canyon. 

The rock has been describedpetrographically 
by Bayley (1965, p. 38, 41) from two locali­
ties, both apparently on partially altered 
rocks. A specimen from Pitcher Canyon is 
reported as bearing plagioclase ranging in com­
position from An65 to An75, normally zoned and 
synneusisly twinned; augite is poikilitically 
enclosed by plagioclase. He described a speci­
men from Number One Canyon as having 60 percent 
plagioclase of composition An30 toA"6o, 15 per­
cent pigeonite, 10 percent hypersthene, and 15 
percent accessories and alteration products; 
plagioclase is rormally zoned, and ophitic to 
suboph it ic textures are common. 

The gabbro commonly displays alteration, 
especially near fault zones. The westernmost 
dike in Pitcher Canyon, in fault contact with 
andesite, is barely recognizable as gabbro in 
the field. It has calcite veinlets and is 
extensively zeolitized. Bayley (1965, p. 39) 
identified the zeolite minerals as stilbite or 
heulandite. The greatest amount of alteration 
is observed at the southern end of the longer 
belt of gabbro where it is cut obi iquely by a 
thrust fault . There is a transitional inter­
fingering oontact between the si l.icified thrust 
fau It and the gabb ro si II at a loca I ity just 
east of the center of sec. 12, T. 
22 N., R. 19 E. Here there is extensive 
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shearing, brecciation, silicification, and 
calcite veining. Just south of this locality, 
on the slopes rorthwest of Hill 2508 at the SE 
1 / 4 of sec. 12 , the re is a good exposure of the 
silicified thrust fault. Although most of the 
silicified rock there is of sedimentary origin, 
a specimen collected at this locality has the 
igneous texture of gabbro, but is completely 
silicified. At the rorth end of the longer belt 
of gabbro, north of where it crosses the north 
fork of Number One Canyon at NW 1 /4 sec. 1, T. 
22 N., R. 19 E., alteration is pervasive, 
although not as extensive as at the southern 
end. Locally the gabbro is sheared and slicken­
sided . At ooe bcality the material that fills 
a 1/2-inch-thick vein changes along strike from 
che rty silica to ca le ite. At another bca I ity a 
3-inch-thick vein of calcite has a layered 
structure, indicating repeated periods of 
calcite deposition. At a third bcality, a 
massive calcite vein at least a foot thick cuts 
the gabbro and contains numerous gabbro breccia 
fragments. 

There are t'M> localities that expose 
rocks that are of questionable correlation 
with the gabbro. Four small intrusions occur 
near the unconformable contact between 
Wenatchee and Chumstick Formations north of 
the mouth of Dry Gulch at SW 1/4 sec. 16, 
T. 22 N., R. 20 E. They are extensively 
altered and veined with calcite but appear to 
have been gabbro originally. Although shown 
on the map with the same symbol as the main 
gabbro, it is not clear that they are actually 
correlative or whether the four small 
intrusions may be related to the mafic rocks 
of the Wenatchee Pinnae les. In the 
Wenatchee Heights 7 1/2-minute quadrangle, 
just southwest of where the Squilchuck Creek 
Koad meets the Halvorson Loop Road at 
northern sec. 8, T. 21 N., R. 20 E., a 
3-foot-thick basalt sill in Chumstick 
Formation is exposed in a cut on the 
northwest side of the highway. It is clearly 
finer-grained than the gabbro observed 
elsewhere, but must be of similar 
composition, and a direct correlation remains 
uncertain. 

A whole-rock K-Ar age of 48.3 + 2.8 
m. y. was obtained for a specimen from the 
main belt of gabbro (table 4) • This suggests 
that it was emplaced during the early stages 
of development of the Chiwaukum graben, 
probably no more than a few million years 

after onset of deposition of the Chumstick 
Formation and certainly before deposition of 
the Chum stick was CO!ll> lete. 

The gabbro possibly is correlative with 
the Camas Land diabase, which I ies about 8 
miles west-northwest of the main gabbro belt 
of Number One Canyon. The Camas Land 
diabase is a major maf ic intrusion of 
presumed Eocene age, and it cont a ins 
gabb roic phases (Southwick, 1966 ') • 

LAMPROPHYRE OF UNCERTAIN AGE 

Chappel I ( 1936) reported the occurrence of 
t'M> lamprophyre sills emplaced into foliation 
planes of Swakane Biotite Gneiss at a roadcut 
described as located 1 1/4 miles south of the 
northern boundary of the Wenatchee quadrangle on 
the east side of the Coh.mbia Valley, which 
would place it within southern sec. 14, T. 23 
N., R. 20 E. The rocks are of interest because 
of Chappe 11 's report of a mine ra 11 he thought 
might be nepheline. His petrographic descrip­
tion (p. 46) reported the following minerals in 
order of decreasing abundance: "augite, 
basaltic hornblende, nephelite(?), light blue 
chlorite, calcite, apatite, pyrite and chalco­
pyrite, kaolinic and iron oxide alteration 
products.• Hornblende is cbminant in the bor­
ders and augite in the centers of the s i II s. 
The largest phenocrysts are 5 mm in length. 

As described by Chappell, the lamprophyre 
sills clearly post-date pegmatite emplacement, 
but beyond that the age is uncertain • As roted 
by Chappell, similar compositions are not known 
from dikes cutting Swakane Biotite Gneiss in 
nearby Corbaley Canyon, which are now known to 
haveanageofabout48m .y. (Gresens, 1982a, p. 
222). As described, they are dissimilar to 
rocks of the Horse Lake Mountain complex, the 
Wenatchee Pinnae les, and Eocene gabb ro. 

HYDROTHERMALLY ALTERED ROCKS 

Hydrothermally altered rocks, primarily 
silicified brecciated rock, occur at three local­
ities. The first is a major northwest-trending 
belt of altered rocks that extends about 2.5 
miles from a point near the northern l:x>rder of 
NW 1/4 sec. 27 to a point south of Old Butte and 
west of the northern end of Squaw Saddle at NW 
1/4 sec. 16 (T. 22 N., R. 20 E.). The 
southernmost point is a small prominence 
( "Co!ll>ton 's Knob• of Patton and Cheney, 
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1971 ) in a te rrane of lands I ide debris. Because 
similar rock across the valley to the north (the 
L-0 mine area) forms prominent spires, 
Colll)ton 's Knob is probably a bedrock exposure 
projecting th rough the lands I ide. A test hole 
south of Colll)ton 's Knob on Wenatchee Heights 
that encountered rhyodacite and perlite (see 
section on Wenatchee Pinnacles) also encountered 
silicified rocks between a depth of 715 and 815 
feet ( Patton and Cheney, 1971 ) • The second 
occurrence of altered rocks is a northwest­
t rending silicified portion of a thrust fault 
that extends about 1 • 5 miles from a point just 
north of center sec. 18, T. 22 N., R. 20 E., to 
a point just east of center sec. 12, T. 22 N., 
R. 19 E. It makes a prominent •y• as it crosses 
Number T"-O Canyon. The third occurrence is at 
an abandoned mine at the extreme SE co r. sec. 
3, T . 22 N., R. 19 E.; minor expressions of 
alteration occur in the vicinity of the mine. 

SILICIFIED ZONE OF THE L-D MINE AREA 

Considerable previc>U~ attention has been 
given to the major belt of hydrothermal altera­
tion because of its economic (gold) potential. 
Fol lowing Patton and Cheney ( 1971) the name 
"L-D mine' is used here, although it appears on 
the Wenatchee 7 1/2-minute topographic quad­
rangle as the "Golden King mine.• It has been 
described by Chappell (1936), Lovitt and 
McDowall ( 1954), and Patton and Cheney 
( 1971 ) ; prominent outcrops of si lei tied rock 
are referred to as •reefs.• Most of the 
altered rock is light colored, nearly white. 
Rusty weathering of sulfide minerals has 
stained the rock to limonitic colors on 
fracture surfaces. Silicification may occur 
as a pervasive cementation of the bulk rock, as 
veins and veinlets of cloudy to cherty silica, 
and as clear coxcomb quartz I ining open frac­
tures or vuggy cavities. According to Guilbert 
( 1963, 1.11publ ished report) as quoted by Patton 
and Cheney ( 1971 ) , these three modes of s i I ic i -
f icat ion a re a ch rono logic sequence of three 
episodes of mineralization from (1) early per­
vasive silicification to (2) milky fine-grained 
quartz veins to ( 3) late coarse-grained clear 
coxcomb quartz. The silicification is con­
centrated in zones of brecciation; fol lowing 
Patton and Cheney ( 1971 ) , these are considered 
to be silicified thrust faults and are so indi­
cated on the map. Angular fragments on various 

scales are obvious at nearly every exposure. 
At G reef south of Old Butte, it is clear that 
earlier vein quartz has been fragmented and 
recemented, indicating that brecc iat ion 
overlapped mineralization. 

As reported by al I previous investigators, 
the most prevalent relict texture suggests si lie­
if ication of arkosic sedimentary rocks. Chappell 
(1936, p. 132) presented an excellent photo­
micrograph showing rounded elastic grains 
surrounded by halos of microscopic ooxcomb 
quartz overgrowths in thin section. Chappell 
(p. 129) described shaly interbeds within si lic­
ified rock that contain recognizable plant 
fossils. Because this major zone of silicifica­
tion lies within the belt of Swauk(?) Formation, 
most of these si lie if ied sedimentary rocks are 
probably from that unit, but positive iden­
tification is not possible. Although similarly 
impressed with the abundance of relict sedimen­
tary textures, I noted several localities (for 
example, at A reef near Squaw Saddle) where 
there are si licified breccia fragments that 
appear to have relict porphyritic texture. The 
section on the Wenatchee Pinnacles describes 
siliceous veins in altered igneous rocks, and 
Patton and Cheney (1971) described an occur­
rence of veins of clear coxcomb quartz cutting 
andesitic intrusions. Clearly, solid igneous 
rock was in\Olved in shearing, brecciation, and 
silicification. Coombs (1950) described stages 
of alteration of sedimentary rocks near the L-0 
gold mine in which clear al bite forms rims 
around plagioclase in association with the si lic­
i ficat ion process . 

South of Squaw Saddle, near the center of 
SW 1 / 4 sec • 1 6 , T • 2 2 N • , R • 2 0 E • , sheared and 
argillically altered Swauk Formation is exposed 
in a prospect cut. Crystals of selenite 
(gypsum) several cm long are scattered in a 
clay matrix; a photograph of these is given in 
Chappell (1936, p.135). They are probably not 
of hydrothermal origin, but are more likely to 
be formed by reaction of weathering solutions 
from pyritic ore zones (which \\Ould carry 
sulfuric acid) with connate or meteoric water in 
the Swauk Formation (which \\Ould be saturated 
with calcium carbonate). 

The reader is referred to publications by 
Lovitt and McDowal I ( 1954), Lovitt and Skerl 
( 1958), and Patton and Cheney ( 1971) for 
detai Is of the mineralogy of the mine area and 
relationships between episodes of mineralization 
and faulting. 
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SILICIFIED ZONE OF 
NUMBER TWO CANYON 

The second major belt of si lcif ied rocks 
crosses Number Two Canyon and is apparently a 
branch of the th rust fault that offsets the 
Wenatchee Formation in wper Dry Gulch. The 
extensive silicification here is attributed to 
proximity to the thick stocklike portion of the 
Canyon Number One composite sill and stock. 
Re I ict textures suggest that most of the altered 
rock was originally sedimentary. However, 
excellent examples of relict porphyritic texture 
indicate that some altered rocks were hornblende 
andesites; some of these occur at roadcuts on 
the north side of Number Two Canyon. The thrust 
fault is along the former Chumstick-Swauk(?) 
unconformity where the si licified zone crosses 
Number T\\O Canyon, but farther north si licifica­
t ion continues along a port ion of the fau It that 
cuts entirely into the Chumstick Formation. 
Silicified sedimentary rocks within the zone 
probably include lnth formations. 

Whereas the silicified rocks of the L-D mine 
area are typically lightly coated with yellowish 
limonitic alteration, the silicified zone of 
Number Ty,o Canyon is heavily impregnated with 
iron oxides, typically of dark-brown to reddish 
hues. Chappell (1936, p. 134) used the term 
"cindery" for the iron oxide crusts, and this is 
a good descriptive term. As noted by Chappell, 
the crusts are sometimes interconnecting frac­
ture fillings but also occur as lntryoidal 
masses in open cavities. 

Where the si licified zone crosses the divide 
between Number One and Number Two Canyons, 
near Hill 2508, cross-cutting relationships be­
tween the fault zone and the Canyon Number One 
stock are ambiguous. On the one hand, a tongue 
of the intrusion seems to cut across the fault 
zone. On the other hand, fragments of the andes­
i te, which here are heavily coated with reddish­
brown iron oxide, locally have small cavities 
lined with quartz crystals. 

An interesting outcrop of the silicified 
zone is exposed on the ridge cbwnhill to the 
west and northwest of Hill 2508 in sec . 12, T. 
22 N., R. 19 E. There are good examples of 
silicified gabbro (described in the section on 
Eocene gabbro), as well as silicified sedimen­
tary rocks. In ooe specimen of si licified brec­
cia, an angular fragment of silicified sediment 
is enclosed in white che rty si I ica, but lnth are 
part of a larger angular fragment in a light-

brown siliceous cement. This outcrop also pro­
vides examples of botryoidal coatings of brown 
iron oxide as thick as 2 cm, having a layered 
i nte rna I structure. 

Rocks of the si licified zone of Number Two 
Canyon evidently were subjected to repeated 
brecciation and silicification, and the ambig­
uous cross-cutting relationships between 
hornblende andesite and the si licified fault 
zone may be evidence of contemporaneous thrust 
faulting and igneous intrusion . 

The deposition of iron oxide crusts appears 
to postdate silicification but does not postdate 
al I faulting. Chappel I ( 1936, p. 134-13 7) 
pointed out that iron oxide occms as outer 
layers in sharp contact with cores, but outcrops 
commonly have a blocky structure with abundant 
slickensided surfaces of iron oxide. The 
heavily iron-oxide-stained rocks are near the 
Canyon Number One stock. To the east, the stock 
is against the Chopper Hill reference section of 
the Wenatchee Formation. Although concre­
tionary iron oxide material occurs locally at 
other loca I it ies, the amount of cone ret ion a ry 
iron oxide in the Wenatchee Formation is more 
pronounced at Chopper Hi 11 than anywhere else. 
This suggests that thermal convection of ground 
water in the vicinity of the stock may have 
played a role in iron transport and deposition. 
By this interpretation, silica replacement and 
deposition within the thrust fault is an early 
consequence of emplacement of the Canyon 
Number One stock, and iron-oxide deposition, 
although a later phenomenon, is still the result 
of igneous activity. The alternate possibility 
is that iron oxide crusts of the siHcif ied zone 
are gossanlike features caused by late supergene 
a lte rat ion of the hyd rot he rma lly altered rocks. 
However, they are coatings rather than remnants 
of former sulfide masses, and there is oo evi­
dence that extensive sulfide deposition was part 
of the hydrothermal alteration of these rocks. 

HYDROTHERMALLY AL TE RED ROCKS 
NEAR HORSE LAKE MOUNTAIN 

Specimens of relatively fresh rock from mine 
tailings at the hydrothermally altered area near 
Horse Lake Mountain are white to light gray oo 
fresh surfaces with yellow to brown limonitic 
staining on fracture surfaces. The rock is so 
highly altered that relict textures and breccia 
structure are apparent only in a few specimens. 
Occasional elastic quartz grains that survived 
the alteration process suggest that most of the 
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rock is si licif ied Chumstick Formation, Wlich is 
the major host rock. Pyrite is abundant in the 
rock. It occurs pervasively in the matrix as 
individual crystals ranging to a few mm in 
diameter and in irregular masses ranging to 
nearly a cm in diameter. Numerous small cavi­
ties, typically less than a cm across, are lined 
with quartz crystals overgrown by pyrite 
crystals having cbdecahedral habit. 

Altered hornblende andesite also occurs at 
this locality. The porphyritic texture is well 
preserved. These rocks cb not appear to be per­
vasively si licified, but the color of the rock 
is somewhat lighter than typical nearby intru­
sive rocks. Sulfide mineralization occurs as 
disseminated pyrite; it is not as extensively 
developed as pyrite in the lighter-colored 
rocks. 

Although the rocks from the abandoned mine 
exhibit obvious hydrothermal alteration, rocks 
from scattered nearby localities have less 
clearly defined characteristics. There are 
examples of unusually well-cemented, brittle 
Chumstick sandstones having a Wlite color and 
rusty Y.eathering stains. Uni ike the mine rocks, 
the sedimentary texture is wel I preserved and 
there are no quartz-I ined cavities or obvious 
sulfide mineralization. Thus, it is difficult 
to decide whether these represent silici f ied 
rocks or simply the effect of baking by the 
numerous nearby intrusions. SI ightly altered 
andesitic rocks with minor sulfide content some­
times occur near the indurated sediments. Rocks 
with these characteristics are found along a 
ridge extending cbwnhil I southeast of the mine 
in sec. 11 T. 22 N., R. 19 E., and as float rock 
at Hil I 4474 less than a quarter mile northwest 
of the mine. Altered andesite with minor 
sulfide mineralization was noted a short 
distance down the ridge east of Hill 4474. 

The abandoned mine is located only one 
quarter of a mile from the Twin Peaks intrusive 
breccia. Hydrothermal mineralization is thus 
assumed to be associated with this major center 
of intrusive activity. According to a local 
resident ( Mr . Earl Burts, Monitor, Washington, 
personal communication, 1979) the abandoned 
mine was once oorked for ~Id. 

AGE OF HYDROTHERMAL ACTIVITY 

The obvious association of hydrothermal 
activity with intrusive igneous activity was 
noted by all previous investigators. Moreover , 
there is at least an implied association between 

rhyodacite intrusions and the occurrence of ~Id 
in silicified rocks of the L-D mine area. Prior 
to radiometric dating of igneous rocks, this 
impression was strengthened by the fact that the 
silicified zone in Number Two Canyon is adjacent 
to andesitic rocks (the Canyon Number One stock) 
and appears to be barren of gold mineralization. 
A reasonable petrogenetic interpretation was 
that rhyodacite is a more highly differentiated 
phase of the andesitic intrusions in which trace 
metals had become more highly concentrated. The 
Wenatchee Pinnacles oould be viewed as a suite 
of genetically related rocks that become 
progressively more felsic to the south. 

Before radiometric dates were obtained for 
the rocks of the Wenatchee Pinnacles, ages of 
post-34 m.y .b.p. were expected . This is 
because the age of the Wenatchee Formation was 
known , and th rust fau Its (presumed! to be respon -
sible for brecciation that preceded or ooincided 
with silicification) cut the Wenatchee. The 
roughly 40 to 50 m.y.b.p. dates for rhyodacite 
thus pose a fundamental problem. 

Clearly some si licification is associated 
with emplacement of the Horse Lake Mountain 
complex . This must be the case for the si lic­
ified thrust fault cutting Number Two Canyon 
and for the mineralized area near the Twin Peaks 
intrusive breccia. There are t'M> possibilities 
for the silicified rocks of the L-D mine area. 
The first possibility is that all silicification 
is post-Wenatchee age, about 30 m.y.b.p., and 
none of the mineralization is related to rhyo­
dacite. The older rhyodacites simply occur for­
tuitously near the mineralized area. The second 
possibility is that there are two periods of 
brecciation and hydrothermal alteration . The 
first period related to intrusion of the rhyo­
dacite of the Wenatchee Pinnacles, produced 
silicified rocks with gold mineralization . The 
second period, related to the Horse Lake 
Mountain oomplex, produced mainly barren silic­
i f ied rocks, except for the Twin Peaks area. 

The mafic rocks of the Wenatchee Pinnacles 
are not dated. They could be either part of the 
Horse Lake Mountain complex or they could be a 
more mafic phase of older intrusive activity. 
Because they lie within a belt of Swauk ( ?) 
rocks, the only restrict ion based on the age of 
intruded rocks is that their age must be post 51 
m. y .b.p. If they are found to be of the same 
age as the Horse Lake Mountain complex, this 
would support a single period of hydrothermal 
activity. If they are found to be of the same 
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age as rhyodacite, this 'M>uld support two epi­
sodes of hydrothermal activity. 

Lacking radiometric dates for the mafic 
rocks of the Wenatchee Pinnacles, I fa-.or a 
single post-Wenatchee period of hyd rot he rmal 
activity for the fol lowing reasons: ( 1 ) Other 
gold mineralization of this age occurs at the 
Twin Peaks area. T'M> periods of gold mineral i­
zat ion are possible, but the simplest explana­
tion is that the re is only one ( Ockham' s 
razor) . • (2) Mafic rocks of the Wenatchee 
Pinnacles are themselves affected by silicifica­
tion, whereas rhyodacite is not, even though 
s ilicified rocks occur near rhyodacite. Thus 
the mafic rocks, which are co~ositional ly simi­
lar to rocks of the Horse Lake Mountain complex, 
may have been the agent of si I ic if icat ion, 
rather than rhyodacite. 

DEPOSITS OF QUATERNARY AGE 

A detailed study of the Quaternary history 
of the Wenatchee area was not a purpose of this 
investigation, and a report of a co~rehensive 
investigation of the Quaternary geology by the 
U.S. Geological Survey is in preparation (R. 
D. Waitt, personal communication, 1980). This 
section will not attempt to duplicate the Survey 
report, nor is it intended to present a compre­
hensive description of all Quaternary deposits 
of the Wenatchee and Monitor quadrangles. 
Rather, it presents observations of surficial 
deposits noted during mapping of bedrock units. 
Some data were gathered in remote areas, and 
documentation of these will be of use to those 
investigating the Quaternary history of the 
region . 

MASS WASTING AND FLUVIAL DEPOSITS 
COMPOSED PRIMARILY OF 

BASALTIC MATERIAL 

As discussed under the section on the 
Columbia River Basalt Group, previous investiga­
tors mapped basaltic material west of the 
Columbia River in the Wenatchee and Monitor 
7 1/2-minute quadrangles as undisturbed lava 
flows. It is now believed that the material 
represents mass wasting deposits, largely debris 
flows (R. W. Tabor and R. D. Waitt, personal 
communication). This section presents evidence 

*Ockham 's razor - the philosophic rule that entities 
should not be multiplied unnecessarily. 

in support of Tabor and Waitt 's views, as well 
as evidence for stream-worked basaltic material 
and inverted topography. 

Mesas and flat-topped divides in the 
southern part of the Wenatchee quadrangle and 
the northern part of the adjoining Wenatchee 
Heights quadrangle are clearly capped by 
basaltic material, and similar deposits often 
cap small hills in the area. Yet nowhere are, 
in place, ~right columns of basalt observed, 
and typically the surfaces of such mesas are 
littered with rubbly basalt debris. Rare 
sandstone clas ts occur locally, mixed with 
basaltic material. Where columnar structure is 
observed, it is in large blocks of basa It that 
clearly are rotated, to the extent that the 
columns are horizontal; such as on the ridge in 
theextremeNWcor. sec. 33, T. 22N., R. 20E. 
Blocky basalt rubble with a mud matrix is some­
times observed, as in NW 1 /4 sec. 26, T. 22 N., 
R. 19 E., along the southwestern edge of a mesa. 
These features are consistent with a debris flow 
origin, but other exposures suggest other ori ­
gins. 

Locally the basaltic debris consists 
entirely of angular interlocking blocks of 
basalt with no matrix in the pore spaces. 
The individual clasts appear to be largely the 
debris expected from simple mechanical 
disintegration of highly jointed basalt. (In 
fact, similar looking material is found around 
blocks of columnar basalt currently exposed to 
weathering and erosion, as along Jumpoff 
Kidge in the Malaga quadrangle.) These 
deposits may be up to 40 ft thick. They are 
able to sustain steep, nearly vertical, cliff 
faces, despite the fact that there appears to 
be no cement. Apparently the interlocking 
angular clasts provide mechanical stabi I ity. 
Rather than of debris flow origin, these 
deposits resemble ancient talus piles. Good 
exposures are: (1) Below the dri II hole 
( Norco No. 1 oi I and gas test v.ell, dri lied 
in 1933, and shown on the Wenatchee Heights 
uses 7 1/2-minute quadrangle map of 1966) 
at the west border of sec. 26, and in the 
SW 1/4 sec. 27, (T. 22 N., R. 20 E.), 
on the east side of Squ i lchuck Canyon; ( 2, 
at the edge of the mesa in sec. 28, T. 22 
N., R. 20 E., on the west side of 
Squ i lchuck Canyon; and ( 3 ) above the east 
flank of the Pitcher sync I ine, overlying the 
upper member of the Wenatchee Formation at 
the eastern l:x>rder of sec. 21, T. 22 N., 
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R. 20 E. The latter locality was pictured by 
Chappell ( 1936, fig. 62, p. 166) , who 
described it as basalt breccia. 

Ra re occurrences of st ream- rounded ba sa It 
are known. The best example is at the common 
comer of secs. 23, 24, 25, and 26, T. 22 N., R. 
20 E., just below Wenatchee Heights on the bluff 
overlooking the Columbia River. Outcrop in a 
ravine exposes a 20-foot-thick unit consisting 
entirely of rounded basalt oobbles. Exposures 
above the unit are poor, but it is clearly 
overlain t,,, deposits oontaining the more typical 
angular basaltic rubble. Rounded basalt cobbles 
litter the ground along a ridge in a saddle that 
extends northeast from Hill 2647 in NE 1/4 sec. 
3 2 , T • 2 2 N • , R • 2 0 E • Ch appe 11 ( 1 9 3 6 , p • 2 00 ) 
also noted the occurrence at Wenatchee Heights. 
He interpreted it as a deposit formed when 
basalt lava flowed into rapidly moving streams , 
and he oonsidered it to be overlain by in-place 
lava flows . The interpretation presented here 
is that these are f luvial deposits formed during 
norma I erosion of the lava flows, and they sub­
sequently have been rove red by debris flows 
derived from the eroding mass. 

The features preserved in the Wenatchee 
quadrangle suggest that disintegration of the 
basalt flows and movement of basaltic debris 
over an I.J'lstable surface underlain by sandstone 
and shale began after the lavas were breached by 
erosion. Spreading of basaltic debris by 
various mass wasting and fluvial processes had 
the effect of armoring the surface so as to pro­
tect the less durable sedimentary rocks from 
mechanical erosion. The initial armored surface 
was developed nearly at the level of the origi­
nal unconformity between the lava flows and 
underlying rocks. At many places where basalt 
debris caps small hills or mesas, it is possible 
to take a level sighting to the south; that is, 
parallel to the trend of the Cascade Range, 
toward cliffs of in-place bas a It flows that rise 
gently from the Columbia River valley along 
J umpoff Ridge into the Cascade Range. The leve I 
sighting invariably is at the base of, or 
slightly below, the cliffs of basalt. The rem­
nants of the original basaltic armor now cap 
mesas and are classic examples of inverted 
topography whereby the areas of deposition are 
now preserved as topographic highs. 

Other examples of inverted topography are 
linear ridges of basalt at elevations below the 
level of the original armored surface and com­
monly extending cbwnw.ard from a basalt-capped 

plateau. These are believed to be basaltic 
debris that accumulated in side drainages during 
a second stage of development when the armored 
surface was itself breached by erosion. Further 
degradation has caused them to invert to 
erosion-resistant ridges. The best example is 
in southern sec. 23 and northern sec. 26, T. 22 
N., R. 19 E. On the map this occurrence has the 
form of a hand with three fingers pointed north. 
The "palm• of the hand is a relatively flat area 
that is ilterpreted as a remnant of the original 
armored surface, here consisting of a debris 
flow deposit . The ' fingers• are ridges that 
extend cbwns lope from the general plateau level. 
The westernmost "finger• is a narrow ridge 
covered with basalt rubble. At Hi II 3705, the 
tip of the finger, the re are large disoriented 
blocks with intact columnar structure. A huge 
block, measuring about 25 ft high and 30 ft in 
diameter, is found 75 ft southwest of the crest 
of Hill 3705. Along the ridge that forms the 
central "finger,• basalt blocks 5 to 6 ft in 
diameter are common. At one point on the ridge 
a pi le contains blocks to 20 ft in diameter with 
intact columnar structure. The easternmost 
•finger• is a ridge extending from the plateau 
to Hill 3457, along which blocks 2 to 2 1/2 ft 
in diameter are common and a maximum of 4 ft in 
diameter was noted. Below Hill 3457, 'Mlere the 
finger bends to the northwest, the re is a block 
the size of an automobile . 

At the intersect ion of secs. 19, 20, 29, and 
30, T. 22 N., R. 20 E., a sinuous low ridge of 
basalt rubble has blocks 1.4> to 2 ft in diameter 
in a terrain otherwise devoid of basalt float. 
It is another possible example of an inverted 
drainage. 

Much of the terrain east of the Columbia 
River in the Wenatchee 7 1/2-minute quadrangle 
is underlain by landslide deposits . Most of the 
material is basaltic, derived from prominent 
cliffs of the Columbia River basalt to the east. 
The underlying rocks (Chumstick and Wenatchee 
Format ions) a re exposed locally in st ream 
valleys that cut deeply through the landslide 
deposits. Although some of these are believed 
to be in-place outcrop, the incompetent sedimen­
tary rocks and especially the landslide-prone 
Wenatchee Formation are often in\Olved in, and 
probably facilitate, landsliding. A good 
example of a landslide deposit of Wenatchee 
Format ion is at the NW 1 / 4 sec • 1 3 , T. 2 3 N • , R • 
20 E., west of Rainey Spring. Bedding is 
disrupted, and shales locally are weathered or 
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altered to greenish hues not typical of the 
Wenatchee Formation. Similar material was 
observed in back-hoe prospect pits ( now fi lied) 
at NE 1 / 4 sec • 2 3 , T. 2 3 N • , R • 2 0 E • In one 
pit a landslide deposit of Wenatchee Formation 
was positioned above a landslide deposit com­
posed of Columbia River basalt. Landsliding is 
also promoted by rxx>rly consolidated interf low 
sediments; chaotic mixing of interf low sediment 
with basaltic debris is well exposed along 
drainages near the l:x>rde r between secs. 25 and 
26, T. 23 N., R. 20 E. 

Most of the minor drainages between wheat 
fields in the terrain east of the Columbia River 
have grassy sides that only occasionally expose 
the landslide deposits. Typically the material 
consists of angular basalt fragments with size 
cont rolled by the orig ina I jointing. Occasion a I 
larger disoriented blocks with intact columns 
form 1:x>lder outcrops. Some blocks are the size 
of automobiles or small houses, and they are 
more rommon closer to the basalt cliffs to the 
east. Good examples are in the extreme 
northeast corner of the Wenatchee quadrangle at 
sec. 7, T. 23 N., R. 21 E. 

Internal shearing within basalt blocks and 
small faults, both believed to be related to 
landsliding, are obvious where outcrop is suf­
ficiently good. A good exalll)le of internal 
shearing is at the hill that forms the backstop 
to a shooting range at NE 1/4 SW1/4 sec. 25, T. 
23 N., R. 20 E., 'M'lere a cut exposes basalt that 
is severely fractured and cut by several wide 
shear zones. An example of small vertical 
faults is at SE 1/4 sec. 36, T. 23 N., R. 20 E. 
East of the bend in the Badger Mountain Road, at 
stream level in the canyon, a fault between 
basalt and interf low sediment is exposed. A 
fault of basalt against Chumstick Formation is 
more poorly exposed in a roadcut across the 
canyon north of the last locality and farther 
upstream. 

As suggested in the section that describes 
i nte rf low sediments, the re is evidence that 
segments of relatively flat-lying massive basalt 
having upright intact columnar structure 
overlain by interf low sediment are more-or-less 
cohesive. Where this relationship is observed, 
Chumstick or Wenatchee Formations are typically 
found in the nearest exposures downstream. This 
suggests that a basal flow has moved only 
slightly over the unconformity with older sedi­
mentary rocks and that much of the lands I iding 
was initiated on and above the interf low sedi-

ment. Evidence that the slab has moved to some 
degree is clear from an exposure 'M'lere a side 
drainage joins the main canyon from the north to 
the southwest of the bend of the Badger Mountain 
Koad in SE 1/4 sec. 36, T. 23 N., R. 20 E. 
Massive basalt with intact rolumnar structure 
forms the upper part of a large basalt exposure, 
and farther upstream it is overlain by interf low 
sediment • The lower pa rt of the exposure con -
sists of irregular basalt rubble . At the con­
tact, the columns of the upper mass are 
tectonically truncated. It appears that the 
massive basalt, carrying interflow sediment upon 
it, slid over rubbly basalt that may have been 
its own erosional debris. 

Extensive mass wasting of mechanically 
disintegrated basalt must have begun when ero­
sion breached the flows and exposed the 
underlying unstable sedimentary rocks. R. D. 
Waitt (personal communication) believes the pro­
cess may have begun in Pliocene time. It is 
clearly a ront inu ing process • For ex amp le , the 
lands I ide deposits were mantled with sands and 
gravels of Pleistocene age during the time of 
glacial flooding. This is clearly seen in the 
gravel pit in northern sec. 26, T. 23 N., R. 20 
E. On the eastern side of the pit, Quaternary 
sands overlie basaltic landslide debris. Yet 
basaltic landslide debris can also be seen 
overlying Quaternary sands in a small drainage 
near the l:x>rder between SE 1/4 sec. 14 and SW 
1/4 sec. 13, T. 23 N., R. 20 E. Fresh 
landslide scars, cut in older landslide depo­
sits , can be observed frequently in the 
Wenatchee quadrangle. 

DEPOSITS RELATED TO GLACIATION 

The Wenatchee area apparently was not 
directly covered by ice during Pleistocene gla­
ciation. Nevertheless, the area has an abun­
dance of deposits and landforms formed during 
glaciation that are critical to an understanding 
of the geologic history during Pleistocene 
time. 

FLOOD DEPOSITS 

The best overall summary of catastrophic 
flooding of the Columbia Plateau is by Baker 
(1981); an older, but very lucid, summary is by 
Bretz (1959). An ancient lake (glacial Lake 
Missoula) was formed as a Pleistocene continen­
tal glacier dammed an area of western Montana. 
The \Olumeof water impounded was comparable to 
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some of the present Great Lakes. The dam was 
periodically breached, sending catastrophic 
floods across the Columbia Plateau and forming 
the coulees of the channeled scablands. Some 
floods came down the Columbia River through the 
Wenatchee area. 

Although once controversial, the hypothesis 
of catastrophic flooding is now well documented 
by factual data and has gained genera I accept -
ance. Current debate centers on the number of 
floods and the interpretation of deposits simi­
lar to the Touchet Beds. The Touchet Beds 
(Bretz, 1929; Allison, 1933) have charac­
teristics that suggest deposition of a relati­
vely large influx of sediment into quiet water. 
They are interpreted as due to ponding of flood 
water (slackwater deposits). Where repeated 
alternations of such beds occur, a major 
question is whether they represent surges of the 
same flood (Baker, 1973) or whether each bed 
represents a discrete flood event (Waitt, 
1980). 

Terrace deposits of flood origin are present 
in a canyon that trends approximately east-west 
across northern sec. 2 9, T. 2 3 N. , R. 2 0 E • , and 
in a side ravine that extends south from the 
main canyon into the southeast quarter of the 
section. The deposit apparently once completely 
filled these canyons to an elevation of 940 to 
990 ft. St ream act ion subsequently has removed 
the central portions of the valley fill. Flat­
topped remnants of the terrace remain along the 
sides of the canyons. 

The best exposures are on the south side of 
the road 1 , 000 feet west of the mouth of the 
canyon. From this point, a new jeep trail 
(summer, 1981) trends southwest and provides a 
nearly complete roadcut to the top of the 
terrace. Because the uncon sol idated terrace 
deposit deteriorates rapidly in outcrop, a 
measured sect ion was made along the new jeep 
trail several months after it was completed.• 

Between the jeep trai I and the mouth of the 
canyon, the terrace deposits are in depositional 
contact with underlying material that consists 
of weakly st ratified and poorly sorted uncon­
solidated sediments that contain angular blocks 
a foot or more in length. The larger blocks a re 
Chumstick sandstone. This material could be a 
basal surge deposit of a flood event (R. D. 

*Editor's note: The author prepared or intended to 
prepare a figure illustrating this measured section, but we 
have been unable to locate it among his papers. 

Waitt, personal communication, 1977) or normal 
bottom debris in the pre-flood valley. 

The terrace deposit may be divided into two 
parts having distinctive depositional charac­
teristics. The lower part, which is just over 
t'AO-thi rds of the measured sect ion, is predomi­
nantly evenly bedded and thinly laminated fine 
sand, silt, and clay of lacustrine origin. The 
upper part consists of a sequence of graded beds 
s im i la r to Touchet Beds, and they probably are 
slackwater deposits. 

Individual beds in the lower lacustrine part 
are typically 1/2 to 2 inches thick. Fine 
cross-bedding is present within some thin lami­
nae, but in much of the section the laminations 
are smooth and flat, with mica flakes in the 
bedding planes. Such beds typically consist of 
silty clay or si It. Ripple laminations occur at 
several places throughout the lower part. 
Calcite concretions are common in silty clay 
layers; in some of the older roadcuts in the 
canyon they weather out in disclike shapes. At 
meter 33.8 of the measured section, there are 
trai Is of organisms preserved on bedding planes. 
Just above them at meter 34.0-34.5, there are 
varves. All of these characteristics are con­
sistent with deposition in a lake environment. 

There are local indications of fluvial depo­
sition within the lower part of the terrace 
deposit. Above meter 10 of the measured sec­
tion, there is a transition from evenly lami­
nated beds to overlying ripple-laminated beds. 
Grain size increases as ripp I ing increases, and 
above meter 11 there is cross-bedding and 
occurrences of pea-sized gravel. Between meters 
12. 0 and 13 • 5 the re is abundant cur rent cross­
bedding, cut-and-f i II structure, and occurrences 
of rip-up clasts. From meter 13.5 to 14.5 there 
is a transition through ripple-laminated beds 
back to evenly laminated beds of silty clay. 
Because ·the measured section is located where 
the terrace deposit is near the valley wall, the 
f luvial beds are interpreted as encroachment of 
deposits of side streams onto the lake deposit. 
A similar encroachment may be represented by the 
occurrence of a sand st ringer in laminated beds 
at meter 34 • 8. 

The first appearance of a graded bed is 
at meter 35 .7 of the measured section, 
where a single bed about 0.3 m thick occurs. 
This is fol lowed upward by 2 .o m of evenly 
laminated silty clay and about O .5 m of 
thinly bedded silt to fine sand with undulatory 
bedding planes. The top of these beds is 



50 Geology of the Wenatchee and Monitor quadrangles 

considered the upper limit of the lower 
lacustrine facies. The remaining (upper) 
part of the section consists essentially of 
graded beds. Typically a graded bed is o.s 
to 1 .o m thick and has a thin layer of 
coarse sand or sand/gravel at the base with 
either a faint bedding or current cross­
bedding. Often these coarser layers are 
heavily stained with iron-oxide coatings, 
probably because subsequent ground-water flow 
followed coarser beds that overlie 
impermeable clay. The graded bed that 
begins at meter 41 .s has a much thicker 
basal sand/gravel, wiereas some graded beds 
( at meters 46.4, 46.9, and 47.4 ) begin 
with massive medium-grained sand. Most 
graded beds have a thick central portion of 
massive to weakly and irregularly bedded fine 
sand to silt. This material is highly 
unconsolidated, poooery, and tends to 
disintegrate readily in outcrop. Most graded 
beds have a thin clay layer at the top. The 
only atypical parts of the upper terrace 
deposits are at meter 39 .2-39.8, \\here some 
evenly bedded silts and clays occur, and at 
meters 40 .4-41 .5, wiere there is abundant 
current cross-bedding and cut-and-fi II 
structure. 

Within the upper part of the terrace 
deposit there are 12 clearly defined graded 
beds. Tv..o others are probable. There is 
loss of good exposure at the top of the 
terrace, but an estimate of five to seven 
additional graded beds is based on the average 
graded bed thickness in the measured sect ion. 
Thus as many as 19 to 21 discrete graded 
beds may constitute the upper portion of the 
terrace deposit . 

Occasional exposures of the uppermost 
terrace deposits occur in the canyon. An 
example is in an erosional gully on the south 
side of the largest flat terrace remnant at 
NW 1/4 sec. 29, T. 23 N., R. 20 E. 
Pebbles composed of plutonic and metamorphic 
rocks that are not kno'Ml in the area and that 
a re not typical of Chumst ick clasts are 
common in the unstratified top of the terrace 
deposit, particularly along the edges of the 
terrace. Good examples are below Hill 1049 
at NE 1 / 4 sec. 2 9 and in the upper reaches 
of the tributary ravine at the southeast 
quarter of the section. At the latter 
locality, the pebbly material is almost till­
like. Erratics also occur along the edges of 

the terrace. Basalt blocks to 5 ft in 
diameter occur about 50 ft southeast of Hil I 
1049, and a granitic boulder is near the fork 
of the main canyon near the far western 
border of the section. 

At the mouth of the canyon, there is an 
elongate hi 11 bordered by the road on the 
north and by a drainage on the south. The 
far eastern end of the hi 11, at the canyon 
entrance, is composed of unconsolidated 
wel I-rounded pebbles and cobbles of 
crystalline rocks. The top of the hill is 
composed of the same material. Similar 
material also forms the smal I flat promontory 
to the main spur on the northern side of the 
canyon entrance. The top of the hill and the 
top of the promontory are at the same 
e le vat ion as a terrace across the Wenatchee 
River to the north and east, wiich is 
composed of similar gravel. Thus it appears 
that the rounded gravels at the rrouth of the 
canyon are a remnant of an older and 
depositionally different terrace. The 
lacustrine deposits of the terrace within the 
valley appear to have been deposited against a 
remnant of the older terrace. For example, 
on the southwest end of the hi 11, the gravels 
occur at the base of the hi 11 as wel I as on 
the upper slopes, but a patch of laminated 
beds is perched on the hill slope at an 
intermediate elevation. 

The lower lacustrine beds of the terrace 
deposit suggest that an arm of a lake may 
have been present in the canyon for as long 
as 1,000 to 2,000 years. Erratics and 
pebbly material that occur around the edges 
of the terrace are considered to be ice­
rafted debris deposited by melting of ice 
grounded against the shore I ine . The presence 
of a lake in the Columbia River valley in the 
Wenatchee area may be explained by either of 
tv..o hypotheses for damming of the Columbia 
River: (1) The wedge of basaltic gravel 
shed from Moses Coulee during a catastrophic 
flood effectively dammed the river (Waitt, 
1 977) ; ( 2) a large lands I ide that is visible 
below Jumpoff Ridge near the hamlet of 
Malaga occurred during Pleistocene time and 
had sufficient mass to dam the river (Larry 
Hanson, personal communication, 1978). 

Whatever the cause, the dam blocking the 
Columbia River below Wenatchee eventually 
was breached by subsequent floods cbwn the 
Columbia Valley (Waitt, 1977). The 
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relationships shown in the measured section of 
terrace deposits suggest that the lake first 
acted as a buffer that prevented breaching of 
the dam. This is indicated by the appearance 
of a first graded bed ( representing a flood 
that caused a surge of sediment into the arm 
of the lake) that is covered by t\\O additional 
meters of lacustrine beds. Thus the lake 
survived at least one flood event. 

A terrace remnant at the mouth of 
Squilchuck Creek at NW 1/4 sec. 23, T. 22 
N., R. 20 E., possibly formed 'Mlile the 
lake existed. It is at nearly the same 
elevation ( 900 ft) as the previously described 
terrace deposit. At the mouth of Number 
One Canyon in NW 1/4 sec. 5, T. 23 N., 
R. 20 E. , unconsolidated bedded deposits 
were noted in a very poor roadcut exposure in 
a residential subdivision, at an elevation of 
just under 1 , 000 ft. 

A prominent topographic effect of 
flooding was the formation of terraces on the 
east side of the Columbia River. In contrast 
to the terrace described above, these terraces 
were formed by flowing water. Floodwaters 
swept around the bend in the valley in 
northern sec. 23, T. 23 N., R. 20 E. , 
causing erosion of the outcrops of Wenatchee 
Formation. To the southeast, in the lee of 
the bend, deposition of suspended material 
formed streamlined terrace deposits. This 
includes the terrace that underlies Fancher 
Field at about 1 , 400 ft elevation in secs. 
25, 26, 35, and 36, T. 23 N., R. 20 
E., and the terrace farther southeast in sec. 
1, T. 22 N., R. 20 E. 

Most of the terrace material was 
deposited on preexisting basaltic mass wasting 
deposits, and the thickness varies from a thin 
veneer to deposits more than 100 ft thick, 
depending on the underlying topography. For 
example, deposits of sand and gravel at the 
southern end of the Fancher Fie Id bar, near 
the Badger Mountain Road, are quite thick, 
presumably because a preexisting drainage was 
filled. In contrast, the southern terrace in 
sec. 1, T. 22 N., R. 20 E., has a thin 
veneer of sand and gravel over mass wasting 
debris in its central portion (exposed in small 
ravines along its western edge), but has ro 
flood deposits at its southern end. 
Apparently the geomorphic form is in part 
depositional but includes erosional streamlining 
of mass wasting deposits at the southern 

extremity. 
The unconsolidated terrace deposits 

generally ch not form good outcrops. 
Specific localities for viewing them are here 
documented. The finest exposures are in the 
gravel pit in SW 1/4 sec. 36, T. 23 N., 
R. 20 E., 'Mlere the Fancher Field bar is 
being actively mined. At this exposure a 
thick cal iche horizon is developed near the 
top of the bar. 

A good exposure occurs at the top of a 
new prospect cut on the southwest side of a 
ravine, south of the center of sec. 23, T. 
23 N., R. 20 E. Wenatchee formation is 
overlain by col luvium of basaltic mass wasting 
debris. Adjacent to these along an irregular 
near-vertical contact are bedded sands and 
gravels of flood origin. The col luvium 
includes angular clasts of basalt up to 1 foot 
in length, and one clast projects across the 
contact from col luvium into sand and gravel. 
The steep face of Wenatchee Formation and 
col luvium was apparently produced by the 
initial erosive action of the flood, and this 
was followed shortly by deposition of 
suspended material against the face. 

Exposure is deteriorating in an old gravel 
pit in northern sec. 26, T. 23 N., R. 20 
E., but about 40 feet of flood deposits are 
present, overlying Wenatchee Format ion and 
mass wasting debris. A better exposure is a 
short distance chwn the road from the gravel 
pit at a water tank in the rorthwest quarter 
of the same sect ion. The lower contact of 
the terrace deposits is not exposed. There 
are t'Ml depositional units within the terrace 
deposits--a finer-grained unit at the base and 
a coarser-grained unit above . Both units are 
poorly sorted sand and gravel.. Both are 
bedded, but bedding is better developed in the 
lower unit. The base of the upper unit 
truncates bedding in the lower unit. The 
lower 20 ft of the outcrop is made of the 
finer-grained unit, in 'Mlich the maximum 
c last size is generally about 1 inch in 
diameter, although a few scattered larger 
clasts are present. The general maximum 
c last size in the upper unit is about 1 foot 
in diameter, but some large boulders (up to 
3 ft in diameter) were noted. Clast 
lithology is the same in both units; most are 
gneissic and wel I rounded. Clas ts of basalt 
and Wenatchee sandstone are more I ikely to 
be angular to subangular. A 3-foot block of 
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Wenatchee sandstone is embedded in the LPper 
unit. Apparently the gneissic material was 
t ranspo rted a long distance by floodwaters , 
but some basalt and probably most Wenatchee 
sandstone has been transported only a short 
distance. It is not possible to ascertain 
whether the t'M> depositional units represent 
t'M> separate floods or tv.o surges of a single 
flood. 

A natural exposure of a thick section of 
flood deposits is on the sides of a deep 
northwest-trending ravine that enters a larger 
southwest-trending drainage at SE 1/4 sec. 
14, T. 23 N., R. 20 E. Flood deposits 
overlie Wenatchee Formation at the mouth of 
the ravine but overlie basaltic mass wasting 
debris LPStream to the southeast. The clasts 
in these deposits are almost entirely composed 
of gneiss and schist. No basalt clasts and 
only a few chips of Wenatchee sandstone were 
noted. There is a crude graded bedding here 
with coarser clasts near the l:x:>ttom of the 
deposit. There is also a grading of the 
deposit from the mouth of the ravine to its 
upstream extent. Maximum clast size at the 
base of the deposit, as represented by 
flattened clasts of schist, is about 6 inches 
in diameter near the mouth, but decreases to 
2 to 3 inches a short distance up the ravine. 
The finest material, consisting of interbedded 
pea-sized gravel, sand, silt, and clay, is in 
exposures farthest LPStream. 

Glacial erratics deposited by catastrophic 
f loads are wel I known in parts of the 
Wenatchee area and have been discussed and 
illustrated by Chappell (1936, figs . 76, 77, 
and 80). These include the spectacular 
boulder field of gneissic rocks near the 
bridge over the Columbia River in sec. 11 , 
T. 22 N., R. 20 E. A number of isolated 
erratics were noted during this investigation, 
often along the upper margin of terrace 
deposits or associated with isolated sand 
deposits. 

UNCONSOLIDATED SAND OF FLOOD OR 
EOLIAN ORIGIN 

Poorly exposed smal I patches of sands that 
resemble sands of the terraces on the east side 
of the Columbia River are found in the terrain 
farther east, but at elevations to 1 800 feet 
well above the elevation of the flat-topped 
Fancher Field bar. Locations of isolated sand 
patches are shown as Qgs on the Wenatchee 

quadrangle. As suggested by Waitt ( R. D. 
Waitt, persona I communication, 1 979) , these 
may be sand of eolian origin, a feature common 
along the Columbia Valley. Although this may 
be the case for some, particularly those of 
highest elevation, others appear to be of flood 
origin. 

A prominent drainage trends roughly east­
west across the southern part of sec. 24, T. 23 
N., R. 20 E. On the LPPer south side, at an 
elevation of about 1,600 ft, a belt of uncon­
solidated sand is present. In a small exposure 
at the western end, it can be seen to rest on 
caliche-cemented soi I and mass wasting debris. 
The sand is carbonate-cemented, presumably 
from calcite derived from underlying caliche. 
Across the drainage to the north, but toward the 
east where the drainage bends to the north in 
the southeast quarter of the section, there are 
exposures of sand that are presumably part of 
the same sand unit. These sands also are 
carbonate-cemented and sometimes occur as 3- to 
4-foot-thick, crudely bedded blocks that super­
ficially resemble Chumst ick sandstone. True 
Chumstick sandstone does crop out at stream 
l:x:>ttom at the bend in the drainage, but the 
calcite-cemented sands have a more open poros­
ity. At one loca I ity the sand rests on a 
5-foot-thick unit of blocky basalt clasts LP to 
6 inches in length that are cemented in a sand 
matrix. Minor gneissic clasts occur locally. 
This unit overlies basaltic mass wasting depos­
its that are cemented by ca I iche. Because 
there is no source for gneissic dasts through 
the local drainage pattern, the sand is 
interpreted as flood sediment deposited by 
currents capable of moving 6- inch-diameter 
basalt l:x:>ulders in the bed load. 

Unconsolidated sand occurs at an elevation 
of 1,500 ft in the vicinity of the intersection 
of the 1:x:>undaries between Tps. 22 a.nd 23 N. and 
Rs . 20 and 21 E. Just northwest of Hill 1551 in 
NE 1 /4 sec. 1 , T. 22 N., R. 20 E. , 1- to 2-foot 
erratics of quartzite and argi II ite occur. A 
short distance to the west, on the northeast 
side of a gully just below 1,500 ft elevation, a 
patch of sand occurs with a 3-foot granitic 
erratic. These sands also are interpreted as " 
flood deposits. 

LOESS DEPOSITS 

The terrain east of the Columbia River is 
extensively mantled with loess, Wlich typically 
is not well exposed. Deposits LP to 6 ft thick 
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have been noted. Almost al I of the numerous 
wheat fields of this region are underlain by 
loess that has been disturbed by pk>wing. 
Typical undisturbed k>ess is powdery light-brown 
material having variable degrees of intermixing 
with underlying material. For example, at the 
excavation by the water tank at NW 1/4 sec. 26, 
T. 23N . , R. 20 E. , there is atransition~ward 
from Quaternary flood gravel into loess. At the 
transition zone there are abundant weathered 
gneissic clasts . The overlying loess is cbtted 
with small pebbles of more resistant rocks. In 
contrast, loess rests with sharp contact on 
unweathered basalt in a roadcut where a ranch 
road dips into a ravine south of Hi II 1615 at 
NW1/4 sec . 25, T. 23 N., R. 20 E. Near the 
northern lx>rder of the same section, a ranch 
road at the edge of a field exposes loess that 
over I ies a patch of unconsolidated sand. 
Caliche is well developed in the loess in layers 
up to 3 feet thick . There are several genera­
tions of caliche development, including some 
near the present surface. Broken caliche 
fragments within loess suggest that some near­
surface caliche layers were fragmented, 
transported, and mixed with loess at some stage 
in its history. 

CONGLOMERATE OF UNKNOWN ORIGIN 

An unconsolidated conglomerate of unknown 
origin occurs in the Mission Creek drainage in 
the Monitor quadrangle. A southwest-trending 
ridge that includes Hill 2530 is at SW 1/4 sec . 
20, T. 22 N., R. 19 E. The conglomerate occurs 
just above the sandstone bluff where this ridge 
meets the road in the East Fork of Mission 
Creek. Exposure is poor, but abundant clasts 
litter the area . Clasts are rounded to sub­
rounded, poorly sorted, and range ~ to 2 feet 
in diameter. Lithologies include pyroxene­
bearihg granitic clasts and ultramafic rocks 
bearing sulfide minerals. Bedrock of this type 
is not kno'MI in the area, and these lithologies 
are not kno'MI from Chumstick conglomerates. 
The conglomerate is not shown on the geologic 
map of the Monitor quadrangle. 

VOLCANIC ASH 
Po\\dery white \Olcanic ash, presumably the 

Mazama Ash, is present in the area. The best 
exposure is along a new ( 1979) logging road in 
secs. 3 and 4, T. 22 N., R. 19 E. A 
3-foot-thick accLrnulation is exposed where the 
road crosses a north-trending ravine at SE 1/4 

sec . 4. Ash mixed with alluvium is exposed in a 
roadcut on the south side of the roouth of Tripp 
Canyon near center of sec.17, T. 23 N., R.19 
E. Ash encountered during excavation near 
valley floor on the west side of Yaxon Canyon 
nearcenterofSW1/4sec.16, T. 23N., R.19 
E., was reported by a local resident. 

STRUCTURAL GEOLOGY 

The major st ructu ra I feature that cbminates 
the region is the Chiwaukum graben, bounded by 
the Leavenworth and Entiat faults (fig. 1). The 
Entiat fault, although largely hidden, must pro­
ject beneath the city of Wenatchee, and the 
Leaven'M>rth fault zone passes within a few 
hundred feet of the southwest corner of the 
Monitor quadrangle. Thus a nearly complete 
transect across the southern pa rt of the graben 
is represented by these quadrangles. In 
general, the northwest-trending structural grain 
of the graben tends to control the orient at ion 
of post-graben st ructu ra I features. A major 
exception is the north-south axis of the modern 
Cascade Range that ti Its the area gently ~ward 
to the west. 

The Chiwaukum graben came into existence 
about 45 to 46 mi II ion yea rs ago, and by about 
40 million years ago it was an inactive struc­
ture, at least in its original sense (Gresens, 
1982b). I have suggested (Gresens, 1982b) two 
possibilities for origin of the Chiwaukum graben 
that involve major strike-slip movement on the 
Entiat fault. The first possibility is that the 
graben is the result of wedge! ike opening as the 
terrane west of the Leavenworth fault simulta­
neously trans lated northward and rotated clock­
wise (fig. 7). This is CO"l)atible with 
clockwise rotation of units of equivalent age 
farther west (Globerman, 1979; Beck and Burr, 
1979) and is a variation of the "ball-bearing" 
model proposed by Beck ( 1976) . A second possi­
bi I ity is that a rhombocha sm (Carey, 1 95 8) , a I so 
referred to as a "pull-apart structure• 
(Crowell, 1974), formedbystrike-slipmotionon 
a fault that had an original offset (fig. 7). A 
similar origin has been proposed for Tertiary 
basins of California (Crowell, 1974). The pres­
ent author is inclined to favor the second 
possibility, although proof of this hypothesis 
wi II require a more colll) lete reg ion a I st ructu ra I 
and stratigraphic study. 

Given this regional structural f rame'M>rk, 
the remainder of this section will describe 
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FIGURE 7. - Possible origins for the Chiwaukum graben. 
"T" and "C" on the diagrams indicate the dike swarms of 
Teanaway and Corbaley Canyon, respectively. "CRB" 
refers to the Columbia River Basalt Group, which covers 
the southern projection of the Chiwaukum graben. See 
text for additional explanation. Reprinted from Gresens, 
R. L., 1982b, Early Cenozoic geology of central Wash­
ington State; II, Implications for plate tectonics and 
alternatives for the origin of the Chiwaukum graben: 
Northwest Science, v. 56, no. 4, fig. 1, p. 262. 

deta i Is of the st ructu ra I geology with in the 
Wenatchee and Monitor quadrangles. The struc­
tural geology of the Swakane Biotite Gneiss, 
which 'NaS reported by Waters ( 1932 ) and Chappel I 
( 1936) and reviewed in the sect ion on pre-Late 
Cretaceous rocks, will not be considered. 

POST-SWAUK, PRE-CHUMSTICK 
DEFORMATION 

At the type area south of Mount Stuart the 
Swauk was folded about east-west fold axes prior 
to deposition of Teanaway Basalt (Tabor and 
Fri zzel I, 1977) • In contrast, presumed Swauk 
rocks of the elongate rorthwest-trending belt in 
the Wenatchee and Monitor quadrangles strike 
generally northwest with occasional more 

northerly attitudes. Dip is variable, but typi­
cally near-vertical, and there are overturned 
beds. Because of the poor exposure, it is not 
possible to oork out structural details within 
this belt. However, some exposures show evi­
dence for multiple deformation. At NE 1/4 sec. 
17, T. 22 N., R. 20 E., Swauk bedding can be 
traced through a gentle fold from an attitude of 
N. 55° W., 70° NE. to N. 85° W., over­
turned 85° S. This broad folding is clearly 
superimposed on the predominant structural 
grain. Overturned bedding, deduced from 
inverted graded bedding, can be seen at the 
roadcut near Hi II 1946 at NW 1 / 4 sec • 1 6, T. 2 2 
N., R. 20 E. 

An isoclinal fold in arkose is present imme­
diately below bluffs of sandstone marking the 
base of the Wenatchee Format ion northeast of the 
center of sec. 20, T. 22 N., R. 20 E. This is 
near where the edge of the belt of Swauk oould 
project from the north, but outcrop is so 
weathered that distinction between Swauk and 
Chumstick is not clear. The folded layer is 
coarse arkose, 1 to 1 1/2 feet thick, surrounded 
by finer-grained beds. There is no break at the 
sharp fold hinge. The upper limb has an atti­
tude of N. 30° w., 20° NE.; the lower an atti­
tude of N. 10° W., 45° SE. 

The Swauk rocks are presumed to have been 
folded about east-west axes prior to deposition 
of Chumst ick Format ion, in concert with those of 
the type locality. The present geometry and 
evidence for multiple deformation suggest that 
they were rotated to their .present structural 
grain of rough alignment with the trend of the 
Entiat fault. This is compatible with the 
possibility of strike-slip movement on the 
Entiat fault during development of theChiwaukun 
graben. 

Shea red Swauk Format ion is we 11 exposed in a 
prospect cut on the east side of the mouth of 
Dry Gulch at northern sec. 21, T. 22 N., R. 20 
E. Possibly the shearing is of pre-Chumstick 
age, but it is considered more probable that it 
is the result of post-Wenatchee thrust 
faulting. 

EAGLE CREEK ANTICLINE AND 
ASSOCIATED FOLDS AND FAULTS 

The Eagle Creek anticline was defined by 
relationships in the northern part of the 
Chiwaul<um g raben ( Wi 11 is, 195 3) , and the 
geology of the Wenatchee and Monitor quadrangles 
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documents its continuation into the southern 
part of the graben. It is thus the single 
largest structural feature within the graben, 
extending along the entire length para I let to 
the Entiat fault. The southernmost expression 
of the antic I ine is near the center of sec. 2 5 , 
T. 22 N. , R. 20 E. , at the Stemi It Canyon 
reference sect ion of the Wenatchee Format ion. 
The ax is of the antic I ine is obscured by a 
lands I ide, but Patton and Cheney ( 1971 ) noted 
that beds oo opposite sides of the fold ch not 
match. There is no core of older rocks he re, 
but this appears to be the continuation of the 
Eagle Creek structure, with lower Chumstick 
faulted ~ to the west at the anticlinal axis. 

The term antic I ine is retained because beds 
of Chumstick Formation dip opposite ways on each 
of its flanks over its entire length. But it is 
clear that it is faulted along nearly its entire 
length. Beds on the west flank are lower 
Chumstick Formation, 'Mlereas beds oo the east 
flank are the Nahahum Canyon Member. Because 
the crystalline core of the anticline to the 
north was a subsidiary horst within the graben 
during deposition of the Chumstick (see section 
on the Nahah1.rn Canyon Member of the Chumstick 
Formation) there is a strong possibility that it 
is not a co111>ressional structure but rather a 
faulted drape fold over a bedrock high that was 
present during extension and filling of the gra­
ben. 

A synclinal axis parallel to the Eagle Creek 
anticline extends th rough secs. 19, 2 9, 30, and 
32, T. 23 N., R. 20 E., within the belt of 
Nahahum Canyon rocks between the Eagle Creek 
anticline and the Entiat fault. It also is 
faulted, as is clear from exposures along the 
road across northern sec. 30 at the tx>unclary 
between the Wenatchee and Monitor quadrangles. 
Other minor synclinal and anticlinal axes in the 
belt of Nahahum rocks we re mapped by Whetten and 
Laravie {1976) farther north. Although these 
minor folds could have formed contemporaneously 
with the major Eagle Creek anticline during gra­
ben subsidence, it also is possible that they 
are related to later rompressional deformation 
that affected the Wenatchee Format ion. 

Over most of the Wenatchee and Monitor 
quadrangles, the Chums tick beds dip continuously 
to the west or southwest from the west flank of 
the Eagle Creek antic I ine to the Leaven\\Orth 
fault zone. Chappell {1936, p. 91) noted that 
if this were a homoclinal sequence, it YA>uld 
require a stratigraphic thickness of more than 

30,000 feet, 'Mlich he considered to be inco111>re­
hensible. Therefore he concluded that it is a 
section of isoclinal folds, produced by 
thrusting from the southwest. However, there 
a re ro overturned beds in the sect ion, and the 
tuff stratigraphy indicates a continuous section 
broken only by minor faults. The conclusion of 
this report is that it is indeed a thick 
homoc I inal sequence of Chum stick Format ion. 

The Eagle Creek anticline and associated 
fault zone are the only structures that are 
demonstrably of post-Chums tick, pre-Wenatchee 
age. Other faults of this age almost certainly 
exist. A later section describes minor faults 
of uncertain age that inwlve the Chumst ick 
Formation. 

POST-WENATCHEE, PRE-COLUMBIA RIVER 
BASALT DEFORMATION 

Deformation that inwlves the Wenatchee 
Formation butches not affect the Col1.rnbia River 
Basalt Croup includes both thrust faulting {with 
associated folding) and high-angle faulting, as 
described by C resens { 1980) • The account is 
repeated here with additional details. 

PITCHER SYNCLINE AND STRUCTURE 
AT DRY GULCH 

At its type section the Wenatchee Formation 
is folded to form the Pitcher syncline. The 
syncline has continuous curvature. At Dry Gulch 
the syncline has a broad, flat-lying central 
area with sharply upturned edges at the eastern 
and western borders. This structure persists 
and widens northwest of Dry Gulch. Thus, as the 
axis of the Pitcher sync I ine is fol lowed to the 
northwest, it may be described alternatively as 
{1) developing a broad, flat bottom or { 2 ) 
splitting into t\\O monoclinal structures. 

In upper Dry Gulch, near the east border of 
sec. 20, T. 22 N. , R. 20 E., Wenatchee beds a re 
cut by tYA> closely spaced branches of a thrust 
fault, with a sandstone bed rotated to a nearly 
vertical attitude between the fault planes ( fig. 
8). Excel lent outcrops of the vertical 
sandstone bed are exposed high on both valley 
walls. 

A small body of hornblende andesite of Horse 
Lake Mountain intrusive complex intrudes a plane 
of the thrust fault on the north side of ~per 
Dry Gulch. It is presumed to postdate the epi­
sode of thrust faulting, as it shows no evidence 
of having been sheared. Thus thrust faulting 
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FIGURE 8. - Evidence for two thrust faults on the western limb of the Pitcher syncline. The two strands are de­
fined by a block of vertically dipping upper Wenatchee sandstone, shown here in the right center of the photograph. 
Gently dipping beds on the right and left margins of the photograph are in the lower part of the Wenatchee Forma­
tion. The view is to the northwest across Dry Gulch. 

observed in Dry Gulch occurred relatively soon 
after deposit ion of the Wenatchee Format ion and 
is narrowly bracketed between 34 m.y. (the age 
of the Wenatchee Formation) and 29 m.y. (the 
average age of Horse Lake Mountain hornblende 
andesite). 

INTERPRETATION OF THE PITCHER SYNCLINE 
AND DRY GULCH STRUCTURE 

T\\O previous interpretations of the Pitcher 
syncline a re reviewed he re. An inte rp re tat ion 
by Lovitt and Skerl (1958) is reproduced as fig. 
9. They correctly identified an unconformity 
between "older sandstone• and "younger 
sandstone. • However, the younger sandstone 
( "YS( W) • in fig. 9) is Wenatchee Formation in 
the syncline, but Chumstick Formation on either 
side. The t'v\O anticlines formed by connecting 
Wenatchee Formation to Chumstick Formation do 
not exist. A similar error was made by Chappell 
( 1936). It is significant that Lovitt and Skerl 

recognized a unit older than Chumstick, 'Mlich is 
the unit here mapped as Swauk(?). 

An interpretation of the structural rela­
tions by Patton and Cheney ( 1971) is shown in 
fig. 9. They recognized that the beds of 
Wenatchee Formation are distinctive and do not 
extend beyond the syncline, and they observed 
west-dipping thrust faults underground at the 
nearby L-D gold mine. Thei r interpretation 
bounds the sync I ine with contemporaneous th rust 
faults on either flank. This is essentially 
cor rect, except that the geometry and develop­
ment of the thrust faults is more colll)licated 
than is imp I ied by fig. 9. 

The structural problems posed by the Pitcher 
syncline and Dry Gulch localities are t'v\Ofold: 
(1) Although the faults on· the west side of Dry 
Gulch and the underground evidence at the L-D 
gold mine ( Patton and Cheney, 19·71) constitute 
strong evidence that the syncline is rounded by 
west -dipping th rust faults, it is difficult to 



Structural Geology 57 

0 2000 FT. I PITCHER I 
l:===;:::j i.-svN CLI N E-l 

I I 
YS(cl I YS(w) I 

imagine oow these faults alone could produce the 
geometry of a syncline. The problem is 
illustrated in fig. 10. (2) The change in 
geometry of the structure between the tv.o loca 1-
it ies must be explained. 

A proposed structural mechanism is based on 
consideration of the probable structure of rocks 
underlying the Wenatchee Formation prior to 
deformation. The profound unconformity of 
Wenatchee Formation on al I older units ( as cbcu-

A. 

B. 

C. 

VL 

(8) 

VL 

(A) 

FIGURE 9. - Two published interpretations of 
structural relations at the Pitcher syncline. VL is 
valley level on both diagrams. Cross section A is 
the interpretation of Lovitt and Skerl (1958), 
where Cg is conglomerate, Os is Old Sandstone, 
Ys is Young Sandstone, R is rhyolite, and O is 
ore zone. Cg and Os are both listed as Swauk(?) 
and Ys as Swauk. As interpreted by the present 
author, Os is probably Swauk formation as de­
fined at the type locality (Smith, 1904}; Ys is 
partly Wenatchee Formation [the part identified 
as Ys(w)], partly lower Chumstick Formation 
[YS(c)], and partly the Nahahum Canyon 
Member of the Chumstick Formation [Ys(n)]. 
Cg is a Chumstick conglomerate, and it may 
represent a fault slice of lower Chumstick along 
an extension of the Eagle Creek fault system that 
separates the Nahahum Canyon Member from 
the Swauk Formation at this locality (see figs. 11 
and 12). Cross section B is the interpretation of 
Patton and Cheney (1971). The structural inter­
pretation is accepted with minor revision (see 
figs. 11 and 12). They referred to all sedimentary 
units as Swauk Formation, but the units shown 
here - C, W, and N - are, respectively, lower 
Chumstick, Wenatchee, and Nahahum Canyon 
Member. MA refers to "Mine area." From 
Gresens (1980, fig. 8, p. 134). 

mented at the Blue Grade, Chopper Hi 11 , and 
Stemilt Canyon reference sections) and the 
occurrence of paleosols below the unit strongly 
suggest that the Wenatchee was deposited on an 
erosion surface of low relief. The geometry of 
older units on the erosion surface is shown in 
fig. 11 , including the project ion of the Eagle 
Creek anticline and the belt of Nahahum Canyon 
rocks into the southern pa rt of the graben. The 
faulted anticline must have closed to the south 

FIGURE 10. - Schematic diagram showing the 
improbability of generating the Pitcher syncline 
solely by movement along two west-dipping 
thrust faults, as implied in fig. 9B. Cross section 
A shows two parallel thrust faults beginning to 
deform the Wenatchee Formation. Cross Section 
B shows folding due to drag along the two faults. 
A subsequent fault would have to appear in the 
position of the dashed line to produce the 
geometry of fig. 98. There is no field evidence 
for this relationship. It seems unlikely that a 
bed could be dragged in a "normal" sense along a 
western fault (left side of cross section C) but be 
broken off and forced upward with opposite 
(anti-drag) curvature on an eastern fault (right 
side of cross section C}. Although such structural 
mechanism might be imagined on large complex 
fault systems, it seems unlikely for these faults 
with horizontal displacements on the order of 
only 0.5 to 1.5 km. From Gresens (1980, fig. 9, 
p. 136). 
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FIGURE 11 . - Block diagram showing the inferred geologic 
relations on and below an erosion surface that existed prior to 
deposition of the Wenatchee Formation. Anticlinal and syn· 
clinal axes are defined by folds in the Chumstick Formation. 
The Eagle Creek anticline is shown as faulted, in accord with 
the structural interpretation of Whetten ( 1977a), and the 
fault brings upper Chumstick (Nahahum Canyon Member) 
into contact with lower Chumstick and the Swauk Formation. 
Geologic relations suggest that the erosionally breached anti· 
dine closed to the southeast on the pre-Wenatchee surface. 
The position of section A-A' corresponds approximately to the 
Stemilt Canyon area, and the position of section B-8' corre· 
sponds to the area just north of the Pitcher syncline. From 
Gresens (1980, fig. 10, p. 137). 

FIGURE 12. - Proposed antithetical thrust faulting and reversal of 
thrust motion to explain the structural relations at the Pitcher 
syncline . Section A corresponds to a portion of section 8-8' on 
fig. 11. A thin sheet of Wenatchee Formation, perhaps 300 m 
thick, overlies the erosion surface with little or no additional sedi­
mentary cover. In section B, an initial compression is assumed to 
initiate antithetical thrust motion along favorable oriented bedding 
planes that are controlled by the anticlinal structure in the under­
lying rocks. Edges of the Wenatchee Formation that are overridden 
by the faults are dragged upward, but a broad expanse remains in a 
horizontal attitude. In section C, continued compression is as­
sumed to thrust the sedimentary units out of the graben and 
across the trace of the Entiat fault on west-dipping fault planes. 
The crystalline block to the east (see fig. 13) is presumed to act as 
a rigid buttress. To the west (left side of diagram}, the initial 
motion continues to develop into a greater thrust displacement 
because of favorable orientation. To the east (right side of dia· 
gram), a west-dipping thrust fault cuts across the initial antithetical 
motion on east-dipping bedding planes and causes overturning of 
overridden beds. The dashed line in section C corresponds to the 
geology observed along the present erosion level at the Pitcher 
syncline, except that the upturned edges of Wenatchee Formation 
between the fault planes join in continuous curvature, with no 
horizontal beds present. Horizontal Wenatchee Formation, dis­
placed 275 m vertically, is found up-canyon from the Pitcher 
syncline, as shown on the far left side of the diagram. Overturned 
beds of Chumstick Formation are found just east of the syncline, 
as shown at the right side of the diagram. Compare section C with 
figure 98. From Gresens (1980, fig. 11, p. 139). 

on the erosion surface, because no older core 
rocks ( Swakane Biot ite Gneiss) underlie 
Wenatchee Formation at the Stemilt Canyon 
reference section (the Wenatchee is underlain by 
Chumstick Formation). 

that it probably was never much thicker. 
Because deformation fol lowed soon after deposi­
tion (between 29 and 34 m.y.b.p.), there was 
probably little or no additional sedimentary 
cover c,.,erlying the Wenatchee Formation during 
subsequent folding and faulting. The Wenatchee Formation was deposited as a 

sheet on the erosion surface. It should be 
noted that the Wenatchee Formation now has a 
maximum thickness of only 275 m (900 ft) and 

The anticlinal portion of cross-section B-B' 
of fig. 11 is shown in fig. 12. It is 
suggested that during the next period of defor-
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mat ion, which had at least a component of 
northeast-southwest compression, an initial 
response was to thrust the Chumstick Formation 
up along its unconformity with the Swauk (?) 
Formation and(or) along favorably oriented 
bedding planes on either side of the anticlinal 
structure (fig. 12) • The edges of the Wenatchee 
Format ion we re dragged up on the sides of the 
structure, but in opposite directions. Where a 
broad expanse of Swauk (?) was exposed in the 
interior of the breached anticline, the 
overlying Wenatchee Format ion remained 
undisturbed in its original horizontal attitude. 
Fol lowing the antic I ina I structure southeastward 
toward its closure, the t.4'.)turned edges of the 
formation are brought closer together u,til they 
join to form the continuous curvature of the 
Pitcher syncline. Farther southeast, in Stemilt 
Canyo~, the Wenatchee Formation rests directly 
on an anticlinal structure in the Chumstick 
Format ion, and no Swauk (? ) Format ion is 
present. By this interpretation, the axis of 
the Pitcher sync I ine in the Wenatchee Formation 
is co incident with the ant icl ina I ax is in the 
Chumstick Formation (as viewed on a map), but it 
overlies the anticlinal axis in the third 
(vertical) dimension. 

Although an initial cbubly directed minor 
thrusting explains the geometry of structures at 
the Pitcher syncline and Dry Gulch, it cbes not 
account for west-dipping thrust faults observed 
underground by Patton and Cheney ( 1971 ) to the 
immediate east of the Pitcher syncline. The 
inclination of these faults is opposite to the 
proposed initial motion along an east-dipping 
unconformity or bedding plane ( fig. 12). Patton 

SWAUK SWAKANE 
GNEISS 

and Cheney J.X)inted out that steepening of the 
sedimentary unit (Chumstick) just east of the 
L-0 mine is further evidence for eastward 
overthrust ing. It is suggested that continuing 
deformation must have reversed the sense of 
motion along the east side of the Pitcher 
syncline to produce the observed relations (fig. 
12) • The block of crystal I ine rocks east of the 
Entiat fault must have acted as a rigid 
buttress, and the sedimentary rocks were thrust 
out of the g raben and over the c rysta 11 ine block 
to the east ( fig. 13). 

NORTHERN CONTINUATION OF 
THRUST FAULTS AT DRY GULCH 

The closely spaced thrust faults that 
enclose a vertical bed of wenatchee sandstone at 
Dry Gulch (fig. 8) become progressively more 
widely separated as fol lowed to the northwest. 
The approximate continuation of the western 
branch is delineated by the westernmost expo­
sures of Wenatchee Formation with upturned 
edges. A good example is at SE 1/4 sec. 18, T. 
22 N., R. 20 E., where a broad exposure of 
Wenatchee has relatively gentle dip on the east, 
but has dips as high as 65 ° NE. on the west. 
The next outcrop farther west is Chum stick 
Formation, and the fault must lie between the 
t\\O format ions. Beyond this point to the north­
west, the fault passes entirely into Chumstick 
Formation in an area of poor exposure and cannot 
be traced farther. 

The eastern branch of the Ory Gulch thrust 
fault disappears below mass was.ting debris to 
the immediate north, but is marked by vertical 

FIGURE 13. - Diagrammatic sections showing 
inferred structural development of the eastern 
border of the Chiwaukum graben between 19 
and 34 m.y. ago. The upper section shows the 
Wenatchee Formation overlying an erosion sur­
face. The lower section summarizes post­
Wenatchee deformation. Included are anti· 
thetical initial thrust faulting and reversal of 
thrust motion due to structural control by an 
underlying anticline, imbrication of the western­
most thrust fault at Dry Gulch, and thrusting of 
sediments out of the graben across the trace of 
the Entiat fault. Numbering of beds of the 
Nahahum Canyon Member has no significance 
except as a guide to the structural relations. 
Letters A, B, and C refer to positions of profiles 
shown in fig. 14. From Gresens (1980, fig. 13, 
p. 144). 
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beds of Wenatchee Format ion along a ridge at the 
south border of sec. 17, T. 22 N., R. 20 E., 
nearly directly south of the center of the sec­
t ion . The fault is again hidden farther north­
west, but is on strike with the si licif ied rocks 
inNW1/4 sec. 18andSW1/4 sec. 7, T. 22N., 
R. 20 E. The silicified rock has the geometry 
of a sheet paral lei to bedding in Chumstick 
Formation to the immediate west, dipping south­
west to make a •v• in Number T'M'.> Canyon. The 
rock was brecciated prior to si licification. 
Swauk Formation occurs to the immediate east of 
the silicified zone. The zone is interpreted as 
the continuation of the eastern branch of the 
thrust fault . Here it has developed along the 
unconformity between the Swauk and Chumstick 
Format ions. The zone can be fol lowed over the 
north side of Nl.lllber T'M'.> Canyon and is exposed 
on the southern hillside in the next ravine, 
just southeast of center of sec. 12, T. 22 N., 
IL 19 E. At this point it has cut away from the 
Swauk-Chumstick unconformity and passed into 
the Chumstick section. As followed into and 
across the next ravine, just east of the center 
of sec. 12, it truncates the gabb ro intrusion 
in Chumstick that is striking into the fault 
zone from the north. At the truncation there 
a re good exposures of she a red and si I ic if i ed 
gabbro. It is not possible to trace the fault 
farther northwest in terrane of poorly exposed 
Chum stick Format ion. 

THRUSTING ACROSS THE ENTIAT FAULT 

Scattered exposures of the Wenatchee and 
Chumstick Formations in low hills east of the 
city of Wenatchee, east of the project ion of the 
Entiat Fault, confirm thrusting of rocks out of 
the graben and over the crystalline block. In 
exposures farthest northeast of the Entiat 
Fault, at central and northern sec. 23, T. 23 
N., R. 20 E. , the Wenatchee Format ion dips 
gently southeast. In exposures closer to the 
projected trace of the fault, strikes are 
rotated subparal lei to the strike of the Entiat 
fault, and the formation dips gently to steeply 
northeast , as at SW 1 / 4 sec • 2 3 and sec • 2 6 , T. 
23 N., R. 20 E. This change in orientation 
presumably reflects overriding of autochthonous 
Wenatchee Formation by an upper plate thrust out 
of the graben along a northeast-directed thrust 
fault. 

At least some Chumst ick Format ion that 
occurs east of the projection of the Entiat 
fault is presumed to have been emplaced by 

thrust faulting of the rocks out of the graben. 
The structural relations are particularly clear 
along the base of a drainage that cuts through 
overlying Quaternary deposits between the center 
and east oorder of sec. 26, T. 23 N., R. 20 E. 
The position of the thrust plane is bracketed in 
the narrow gap between outcrops of Wenatchee and 
Chumstick Formations. Chumstick Formation is 
extensively fractured and cut by numerous low­
angle shear planes that dip to the southwest at 
an exposure near the north oo rde r of sec • 1 , T. 
22 N., R. 20 E., south of benchmark 1236 on the 
Badger Mountain Road. This could be an 
al lochthonous block emplaced by thrust faulting, 
but its position amid mass wasting deposits 
causes some U1ce rta inty. A genera I ized summary 
of the control of structures in the Wenatchee 
Formation by preexisting structures is shown in 
fig. 13. 

DISPLACEMENT ON THRUST FAULTS 

Some of the thrust faults sho\\ll'l on the map 
at secs. 16, 21 , and 22, T. 22 N., R. 20 E., are 
admittedly imaginary, in the sense that there 
are few hard data from surface exposures. 
Patton and Cheney ( 19 71 ) had underground ev i -
dence that the main brecciated, si licified ore 
body at the L-D gold mine occupies a west­
dipping th rust fault. Fol lowing Patton and 
Cheney, similar small brecciated and silicified 
zones northwest of the mine are presumed to 
occur along th rust fau I ts , but they ch not 
necessarily have to be connected as shown on the 
map. 

The most precise geologic control of the 
orientation and displacement on thrust faulting 
is in upper Dry Gulch. The base of the 
Wenatchee Formation in the upper plate is raised 
nearly to the elevation of the top of the for­
mat ion in the lower plate, \\hich re qui res aver­
tical displacement of 250 to 275 m (800 to 900 
ft) • In Squ i lchuck Canyon, the difference in 
elevation from the projected base of the 
Wenatchee Format ion at the Pitcher sync I ine to 
an exposure of the base of the format ion l4)­

canyon at SE 1/4 sec . 28, T. 22 N . , R. 20 E., is 
also about 275 m ( 900 ft). In upper Dry Gulch, 
the eastern branch of the thrust fault is wel I 
exposed on the south side of the canyon, \\he re 
it dips 40° to 45 ° SW. To the northwest, \\here 
the same branch makes a •y• in Number T'M'.> 
Canyon, it has a dip of 35° SW. The calculated 
horizontal displacement along the thrust fault 
thus is on the order of 250 to 400 m (800 to 
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1,300 ft). 
A minimum horizontal displacement for 

thrusting of sedimentary rocks across the trace 
of the Entiat fault is estimated from exposures 
of Chumstick Formation east of the fault. The 
only demonstrably al locthonous Chumst ick 
Formation is the exposure just east of center 
sec. 26 T. 23 N., R. 20 E., \\-here it is in fault 
contact with Wenatchee Formation. This outcrop 
is 1.7 km (1.1 mi) normal to, and northeast of, 
the estimated projection of the Entiat fault. 
The base of the Wenatchee Formation just west of 
the Entiat fault is 275 m (900 ft) higher than 
the base just east of the fault, along a direc­
t ion normal to the projected fault. The dif­
ferential elevation and the minimum horizontal 
displacement suggest that the sedimentary rocks 
were thrust across the trace of the Entiat fault 
on a plane that dips no greater than about 10° 
to the southwest ( unless there has been sub­
sequent renewed uplift of the crystal line block 
east of the Entiat fault). 

A greater minimum horizontal displace­
ment is possible if it could be assumed that 
Chumstick rocks at SE 1/4 sec. 24 and NE 1/4 
sec. 25 , T. 23 N. , R. 20 E., are al lochthonous 
and had been deposited in the graben west of the 
Entiat fault. They are presently about 3.2 km 
(2 .o mi) northeast of the fault . There is no 
firm basis for this assumption at the present 
time . 

Three northwest-southeast profiles of the 
base of the Wenatchee Format ion , para I le I to the 
Entiat fault, are shown in fig. 14. (The slope 
of the profiles is discussed in a later section 
on regional tilting.) Profile A is the base of 
the formation unconformably oo Swakane Biotite 
Gneiss east of the Entiat fault. Profile B is 
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the unconformity on the sedimentary rocks from a 
be It of Wenatchee Format ion between the Entiat 
fault and the thrust fault that passes through 
upper Dry Gulch. Profile C is the unconformity 
displaced upward by the western thrust fault, 
that is , in the upper plate west of the fau It. 
The consistent relative displacement of about 
2 00 to 300 m ( 700 to 1 , 000 ft) between the 
southeast ends of profiles B and C leads to the 
conclusion that the Stemi It Canyon reference 
point (the most southerly point oo profile C) 
must be in the upper plate of the thrust fault, 
whereas the Pitcher syncline reference point 
must be in the lower plate (profile B). 
Additional evidence is that upper plate 
Wenatchee Formation lies flat high on the west 
wall of Squilchuck Canyon at SE 1/4 sec. 28, T. 
22 N., R. 20 E., but is folded chwn to the 
southwest and V' s in the canyon in NE 1 / 4 sec. 
33, T. 22 N., R. 20 E. A similar geometry is 
present in Stemilt Canyon, \\-here nearly flat­
lying Wenatchee at the Stemilt Canyon reference 
section folds gently down to the southwest at NW 
1/4 sec. 36, T. 22 N. , R. 20 E. This suggests 
that the Stemi It Canyon rocks are a continuation 
of the upper plate rocks of Squilchuck 
Canyon. 

Assuming that the antic I inal axis in 
Chumst ick Format ion at Stemi It Canyon is the 
same anticlinal axis that occurs beneath the 
Pitcher syncline, then displacement along the 
thrust fault can be evaluated by offset of the 
anticlinal axis, \\-hich must be in the upper 
plate at Stemilt Canyon but in the lower plate 
at the Pitcher sync I ine. If it is assumed that 
thrusting was normal to the Entiat fault, that 
is, toN. 35° E.toN.40° E., thentheanticli­
nal axis is offset about 2.0 km (1.2 mi) to the 
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FIGURE 14. - Profiles on the base of the 
Wenatchee Formation. The profiles are pro­
jected onto NW-SE lines, following the gen­
eral structural trend at the eastern border of 
the Chiwaukum graben, and each is within a 
strip of Wenatchee Formation bounded by 
thrust faults. See fig. 13 for a schematic 
representation, in cross section , of the posi­
tions of profiles relative to faults, and com­
pare place names on this figure with plates 1 
and 2 for actual data points. The location of 
the Burch Mountain point (profile A) is 
given in fig. 6. The dashed lines show direct 
connections between data; solid lines are 
smoothed profiles. The angle of inclination 
along segments of smoothed profiles is given. 
From Gresens (1980, fig. 14, p. 146). 
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northeast by the ~per plate. The sense of 
displacement is consistent with the structural 
relations discussed above, but the offset is 
greater than the estimated 0.25 to 0.40 km of 
horizontal displacement at Ory Gulch and Number 
Tw:> Canyon. A possible resolution of this 
inconsistency is to assume that thrusting was 
not normal to the Entiat fau It. For example, if 
the direction of thrusting is N. 70° E., about 
30° oblique to the Entiat fault, then horizontal 
displacement of the anticlinal axis 'v\Ould be 
about 0.4 km. Another possible interpretation 
is that the thrust fault flattens to the 
southeast of Dry Gulch. 

The calculations suggest that crustal short­
ening was relatively small during the 
cofl1)ressional event. The sum of horizontal 
displacements oo all thrust faults is estimated 
at 2. 5 to 3.0 km. When averaged over a 5 .Om.y. 
interval ( 29 to 34 m. y.) , the average st rain 
rate is ooly 5.0 to 6.0 X 10-2 cm/yr. 

HIGH-ANGLE FAULTING 

South of the Wenatchee River, from the 
vicinity of Fairview Canyon to Number One 
Canyon, the unconformity between Wenatchee and 
Chums tick Formations is exposed locally oo the 
east side of valleys, but Wenatchee Formation is 
not present on the west side at elevations above 
a hypothetical projection of the unconformity. 
Moreover, no Wenatchee Formation has been noted 
in the higher elevations farther west, waich are 
underlain entirely by Chumstick Formation. A 
good example is at the southern border of sec . 
35 , T. 23 N. , R. 1 9 E. , wie re the nearly flat 
unconformity of Wenatchee over Chumstick is at 
an elevation of about 3, 000 ft • Across the 
valley to the southwest, less than a mile away 
at NE 1/4 sec. 3, T. 22 N., R. 19 E., cliffs 
with excellent exposure rise to over 4, 000 ft 
elevation, and no Wenatchee Formation is pres­
ent. A post-Wenatchee fault of sign if leant 
vertical displacement is inferred, bringing 
Chumstick ~ oo the western side. The fault is 
considered to fol low Fairview Canyon. Sheared 
Chumstick rocks occur in the canyon in the cut 
of a ranch road immediately southeast of Hi II 
1570 at NW1/4 sec. 26, T. 23 N., R.19 E., and 
at cuts on the northeast side of Highway 2-97 
north of the town of Monitor at NE 1/4 sec . 14, 
T. 23 N., R. 19 E. Both are considered to lie 
in the fault zone. The fault could be an exten­
sion of the Eagle Creek fault system, Wlich 
strikes toward the Fairview Canyon area (Whetten 

and Wa itt, 197 8) • The dip of the tau It cannot 
be observed directly, but a high angle is 
inferred from its linearity. An ~per time 
limit is not established for the fault, but it 
is clearly post-Wenatchee. This relationship 
suggests that the Eagle Creek fau It system may 
have a long and C0"1)1icated history of movement 
from pre- to post-Wenatchee time. This agrees 
with Whetten' s ( 1977a, 1977b) conclusion that 
the Eagle Creek fau It system had a long history 
of activity both during deposition of the 
Chumstick Formation and post-depositionally. 

Another high-angle fault that cuts the 
Wenatchee Formation is well exposed in 
Squilchuck Canyon at the turnoff of the road 
leading to Wenatchee Heights and in the 
Halvorson Loop Road, both at NW 1 /4 sec. 4, T. 
21 N., R. 20 E. Shea red Wenatchee Format ion is 
dragged upward to a nearly vertical attitude 
just east of the fau It, and oo Wenatchee has 
been ooted to the west in the Chumstick terrane. 
The fault can be traced to the northwest, \\here 
it becomes parallel to a fault of smal I dis­
placement that is offset in an opposite sense. 
The parallel faults strike northwest across most 
of sec. 19, T. 22 N., R. 20 E. , but with too 
great a westerly compooent to be considered as 
extensions of the Eagle Creek fau llt system. The 
significance of this fault is discussed in a 
later section. 

COMPLICATED STRUCTURE 
AT UPPER SQUILCHUCK CANYON 

Flat-lying Wenatchee Formation resting oo 
Chumstick Formation is exposed just below mass 
wasting deposits that cap the mesa on the west 
side of Squilchuck Canyon near the southern 
border of sec. 28, T. 22 N., R. 20 E., at an 
elevation of about 2,000 ft. One-fourth of a 
mile south, at northern sec. 33, the Wenatchee 
Formation is folded chwn to the southwest so 
that the Wenatchee-Chumst ick unconformity drops 
in elevation toward the valley f1loor. Outcrop 
is then lost oo the west side of the canyon, but 
the contact apparently V's in the valley, as it 
is exposed at valley level on the east side of 
the canyon between the center and the east 
border of sec. 33. From that point it is easily 
traced back to the northeast oo the east side of 
the canyon for about ooe-fourth of a mile. 
These relationships are consistent with the 
occurrence of good outcrops of Wenatchee 
Formation at valley floor in the SW1/4 sec. 33, 
near a major high-angle fault (described above). 
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Between these exposures, most of the cent ra I 
port ion of sec. 33 is inwlved in lands I iding 
and exposure is poor. 

A structural difficulty is posed by the 
occurrence of Wenatchee Format ion across the NW 
1/4 sec. 33 near the top of the divide. At one 
point near the northern border of sec. 33, there 
is an outcrop having nearly flat - lying Wenatchee 
unconformable on steeply dipping Chumstick 
rocks, but this is at an elevation of nearly 
2,200 ft, above the dipping Chumst ick-Wenatchee 
contact described in the preceding paragraph, 
which is exposed directly downslope. Clearly a 
fault is required, but the implied sense of drag 
on the fault is in opposition to conventional 
experience. The poor exposure and landsliding 
make it impossible to fully reconstruct the 
structure. But the few key outcrops suggest 
that it is oorrplicated. It is probably related 
to the high-angle faults described in the pre­
ceding section. This area is at the southeast 
end of a major northwest-trending, right-lateral 
strike-slip fault zone that cut across the 
southern Chiwaukum graben in post-Wenatchee 
time, as discussed in the following section. 
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DEFORMATION COEVAL WITH EMPLACEMENT 
OF THE HORSE LAKE MOUNTAIN 

INTRUSIVE COMPLEX 

A broad northwest-trending structure that 
cuts across a large portion of the Monitor 
quadrangle is believed to have control led em­
placement of the Horse Lake Mountain intrusive 
comp lex. Fig. 15 consolidates the relevant 
st rue tu ra I data and out I ines the structure. 

The para I lel faults in sec. 19, T. 22 N., 
R. 20 E., discussed above, can be traced because 
Wenatchee Format ion is faulted again st Chum stick 
Format ion. They cannot be directly fol lowed 
farther northwest because Chumst ick is faulted 
against Chumstick in a terrain of poor exposure. 
However, a broad zone of disturbed Chumstick 
bedding is on strike to the northwest. 
Southwest of the zone, bedding str ikes north­
west, parallel to the regional structural grain, 
and dips typically 35° to 40° SW. North of the 
disturbed zone, bedding is uniformly north­
striking and dips about 30° to 40° W. Sti ll 
farther north, bedding swings back to the rmre 
typical northwest strike, but with a steeper dip 

- - • · - LIMIT OF HORSE LAKE 

FIGURE 15. - Structural details of the post­
Wenatchee northwesterly trending zone that 
control the Horse Lake Mountain intrusive 
complex. Modified from Gresens, R. L., 1982a, 
Early Cenozoic geology of central Washington 
State; I, Summary of sedimentary, igneous, and 
tectonic events: Northwest Science, v. 56, no. 3 
fig.5,p.226. 
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(55° to 60° SW.) than bedding south of the 
disturbed zone. In contrast to the disturbed 
zone, which is clearly a fault zone, the 
northern change in bedding direction takes place 
about a hinge zone. The hinge zone ·strikes 
northwest, parallel to the disturbed zone, from 
about the mouth of Fairview Canyon to the mouth 
of Mission Creek. At four places along the 
hinge zone, tuff units pass through the hinge 
zone without offset. 

Fig. 15 also outlines the known limit of 
occurrences of sills and dikes of the Horse Lake 
Mountain intrusive complex. Clearly there is a 
correlation between the occurrence of the intru­
sive rocks and the region of north-striking 
bedding. The main center of intrusive activity 
( the Twin Peaks intrusive breccia and sill-dike 
CO"l)lex ) occurs within the fault zone, at a 
point where bedding shows the most pronounced 
reorientation to east-west strike and southerly 
dip. T\\O of the large sills of the Horse Lake 
Mountain intrusive complex (the Bear Gulch com­
posite sill and the Martin's Ranch sill) occur 
near the fault zone. South of the fault zone, 
sill and dike occurrences extend a short 
distance into the region of typical northwest­
striking bedding. At the northern l:x>undary, the 
limit of sill and dike occurrences conforms 
fairly precisely to the position of the hinge 
zone . A most striking example is well exposed 
at SE 1 / 4 sec. 22, T. 23 N. , R. 19 E. , where the 
northerly extension of the large sill that forms 
the ridge on the west side of Fairview Canyon 
pinches out at the hinge line. 

These relationships suggest that Chumstick 
bedding, which had already been tilted to a 
homoclinal southwest-dipping structure in 
pre-Wenatchee time, was later subjected to 
stress by a right-lateral shear couple. Bedding 
between the shear couple was rotated clockwise 
to a northerly strike. The beds were disrupted 
along a fault zone to the south, but only 
rotated about a hinge I ine to the north. The 
beds between the zones have the structure of a 
giant kink band. During active shearing, the 
"bands,• which are the Chumstick beds, were 
tensionally opened within the "kink,• allowing 
passive e"l)lacement of the many sills in this 
region, even though the main intrusive center 
was a structural weak zone within the major 
fault zone. By this interpretation, the de for­
mat ion of the area by right-lateral shearing is 
dated at about 2 9 m. y. b. p. , the average age of 
the andesites. 

Minor faulting associated with emplacement 
of the Number One Canyon intrusion of the Horse 
Lake Mountain co~lex can be demonstrated on the 
north side of Number Two Canyon, southwest of 
the Chopper Hill . reference section of the 
Wenatchee Format ion , at SE 1/ 4 sec. 7 , T. 
22 N., R. 20 E. Along the margin of the int ru­
s ive contact, t\\O elongate prongs of Wenatchee 
extend to the south. They are at an elevation 
lower than flat-lying Wenatchee !beds that cap 
Chopper Hi 11, and bedding in them is rotated 
down to a southwest dip. At the southern tip of 
the western prong, an exposure of steeply 
dipping Swauk Formation marks the position of 
the Swauk-Wenatchee unconformity, displaced 
do'Mlward about 450 ft. Andesite occurs between 
the t\\O prongs, and bleached sedimentary rocks 
occur locally at the contact. The prongs are 
interpreted as large slivers of oountry rock 
that foundered and rotated at the margins of the 
intrusion. Their northerly trend probably is 
controlled by the steeply dipping, north­
striking bedding of underlying Swauk For­
mat ion. 

MISCELLANEOUS STRUCTURES OF 
UNCERTAIN AGE 

The Chumstick Formation clearly has been 
affected by pre-Wenatchee folding and faulting 
as wet I as post-Wenatchee thrust faulting and 
high-angle faulting. However, where structures 
involving Chumstick Formation are not 
constrained by relationships with other units, 
it is not possible to associate them with any 
specific period of deformation . 

MINOR FAULTS 

Faults involving only the Chumstick 
Format ion are particularly difficult to detect, 
except where key tuff units are faulted. A good 
example is at NW1/4 sec. 28, T. 23 N. , R. 19 
E., where a pair of the Yaxon Canyon tuffs are 
offset. Coincidentally, the stratigraphical ly 
higher tuff south of the fault is brought into 
alignment with the stratigraphically lower tuff 
north of it. During initial mapping these were 
mapped as a single tuff unit, unt i I recognition 
of t\\O tuffs and their distinctive charac­
teristics indicated the presence of the fault. 
Nowhere can the fau It be directly observed. 

A fault cutting tuff at NW 1/4 sec. 3, T. 22 
N., R. 19 E. is of interest because it 
demonstrably pre-dates emplacement of sills and 
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dikes of the Horse Lake Mountain complex. A 
sharp oorth-northwest trending ridge extends 
from sec. 3 into SW 1 / 4 sec. 34, T. 23 N., R. 19 
E. At the oorth oo rder of sec. 3, the re is a 
sharp (135°) bend of a new logging road around 
the ridge. There is a northwest-trending 
segment of road east of the 135 ° bend and a 
north-trending road segment south of it. The 
latter road segment makes a 90° bend at a 
ravine, and a west-trending road segment extends 
to the next ridge to the west . The road he re 
roughly fol lows the contour between 3,560 and 
3,600 ft elevation and may be easily visualized 
on the 1966 topographic map of the Monitor 
7 1/2-minute quadrangle. The tuff bed occurs in 
roadcuts about 100 feet from the 135 ° bend and 
about the same distance from the 90° bend. The 
attitude of bedding requires about 110 feet of 
stratigraphic offset of the tuff. The fault is 
poorly exposed just west of the 90° bend, YAlere 
it is partially obscured by mass wasting 
material in the ravine, but truncated Chumstick 
bedding is visible. The central port ion of the 
north-trending road segment bulges slightly to 
the west, and a fault breccia is wel I-exposed in 
the roadcut at the bulge. The two points on the 
fault define a north-striking fault, nearly 
coincident with the road. Apparently it is a 
high-angle fault. Many andesitic sills and 
dikes of the Horse Lake Mountain complex are 
present, and the hi 11 slope above the exposure 
of the fault breccia is the dip slope of a sill. 
Where the si 11 is exposed in the upper roadcut, 
it butts against a block of tuff in the fault 
zone. The fault breccia contains angular blocks 
of tuft and Chum stick sandstone, but no 
fragments of andesite. A dike that is darker 
and finer-grained than the si II cuts ooth the 
fault zone and the si 11. It can be fol lowed 
upslope cutting the si 11 east of the fault zone, 
and it is present in scattered outcrops 
downslope west of the fault zone. Clearly the 
fault pre-dates the igneous activity, but cannot 
be assigned definitively to pre- or 
post-Wenatchee tecton ism. 

A clear example of a fau It that cuts a si 11 
of the Horse Lake Mountain complex is along a 
north-trending ridge at the border between SE 
1/4 sec. 13, T. 22 N., R.19 E., andSW1/4 sec. 
18, T. 22 N., R. 20 E. Where the fault crosses 
the ridge the softer Chumstick rocks have peeled 
away from the more resistant si 11, leaving the 
fault plane exposed. The fault strikes N . 70° 
W. and dips 80° N. It lies within the 

northwest-trending belt of disturbed Chumst ick 
bedding that has been interpreted as a major 
right-lateral strike-slip fault zone across the 
graben (see previous section). The movement in 
this zone continued after at least some of the 
igneous activity, but there is no constraint on 
the minimum age of faulting. 

Chumst ick bedding is disrupted in exposures 
along the bottom of a ravine that trends 
northeast-southwest in SE 1/4 sec. 30, T. 23 N., 
R. 20 E. The outcrops are within the Wenatchee 
quadrangle, near the boundary with the Monitor 
quadrangle. Approximately 2,000 ft cbwnstream 
from this border, near the adit of a coal 
prospect on the oorthwest side o;f the ravine, 
bedding attitudes are sharply discordant to 
the general trend within the area and from 
outcrop to outcrop. At one point measurements 
made on outcrops about 100 ft apart yield 
strikes at right angles. [This fault is rot 
shown on the geologic map, but the disrupted 
bedding attitudes are . ] A fault cannot be 
traced beyond the base of the ravine due to lack 
of outcrop, and it is oot known whether the 
disruption is due to proximity to the high-angle 
fault separating the belts of Swauk and Nahahum 
Canyon rocks or due to post-Wenatchee thrust 
faulting. 

Large slabs of Chumstick sandstone crop out 
boldly in sec. 23, T. 22 N., R. 20 E., and there 
are exposures in drainages and along the Malaga 
l{oad in the NE 1/4 of the sec. The marked 
discordance in strikes and dips permits place­
ment of three oorthwest-trending faults. It is 
not possible to determine the orientation of the 
fault planes or relative motion on the faults. 
Nor is it possible to ascribe an origin or age 
to the faults; that is, YAlether related to the 
fault separating Nahahl.Jll Canyon rocks from 
Swauk rocks, post-Wenatchee thrust faulting, or 
simply proximity to the projection of the Entiat 
fault zone. 

UNUSUAL FOLD STRUCTURE 
IN THE NAHAHUM CANYON MEMBER 

OF THE CHUMSTICK FORMATION 

An unusua I structure is present in sec. 30, 
T • 2 3 N. , R. 2 0 E • , and sec • 2 4, T. 2 3 N. , R. 
19 E. Rocks having an easterly COfll)onent of 
dips flatten to horizontal or near-horizontal 
attitude. The most accessible locality to view 
the structure is on the road across northern 
sec. 30. Between Hill 1772 and the border 
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between the Wenatchee and Monitor quadrangles 
(NW 1/ 4 sec. 30, T. 23 N., R. 20 E.) the road 
makes t'v\O horseshoe bends. At the northern 
(upper) bend, Nahahun rocks strike northwest 
and dip 30° NE. At a roadcut a short distance 
west, the beds lie flat. The hinge of the fold 
is at about 1 , 600 ft elevation. The same re la­
t ion ship is present oo the next ridge to the 
south-southeast, W'lere flat-lying beds crop out 
on the ridge at an elevation of 1 , 600 ft, but 
beds striking north and dipping 30° E. occur a 
short distance down the ridge. A third point is 
in the next drainage to the south, just north­
west of the center of sec. 30, at an elevation 
of 1,400 ft. Within a single outcrop, beds roll 
over from nearly flat ( dipping south-southeast) 
to a dip of 20° E. A fourth point is about 1 1/2 
miles to the northwest, in a roadcut along the 
Sleepy Hollow Road at northern sec. 24, T. 23 
N • , R • 1 9 E. , due north of the center of the 
section. Beds dipping 30° SE. roll over to 
nearly flat ( 10° s.) from east to west across 
the roadcut. These are at an elevation of 800 
feet. The area bet'Neen the first three points 
and the fourth point is a landslide deposit with 
no bedrock exposure. The four points defining 
the hinge of the fold lie on a plane that 
strikes N. 20° W. and dips about 15 ° SW. The 
orig in and age of th is structure a re not 
known. 

INTERNAL SHEARING WITHIN THE 
CHUMSTICK FORMATION 

Shea red or disrupted shale beds in the 
Chumstick Formation suggest that the incompetent 
shales accommodated slippage along bedding 
planes between the more corrpetent sandstone beds 
during deformational events. Good examples of 
sheared shale are seen along the new logging 
road across the northern pa rt of sec. 3, T. 22 
N., R. 19 E. A good exposure of internally 
disrupted bedding in shale of the Nahahum Canyon 
Member is in a northwest-trending drainage at 
sec • -2 3 , T. 2 2 N • , R • 2 0 E • , about ha I fway 
between the valley floor and the mesa of 
Wenatchee Heights. This is the first drainage 
upval ley from the mouth of Squi lchuck Canyon, on 
the southeast side of the canyon. Internal 
shearing cannot be ascribed to any particular 
deformational event . 

REGIONAL TILT AND EROSIONAL 
STRIPPING OF WENATCHEE FORMATION 

Profiles of the base of the Wenatchee 
Formation ( fig. 14) show a regional tilt, 

apparently due to arching of the Cascade Range. 
In Squi lchuck Canyon, 2 75 m ( 900 ft) of 
Wenatchee Format ion underlie bas a It ic mass 
wasting debris. In the northern part of the 
Entiat Range, only thin patches of Wenatchee are 
preserved bet'Neen basalt and Swakane Biot ite 
Gneiss. This suggests that arching of the 
ancestral Cascade Range began before deposition 
of Yakima Basalt, and that Wenatchee Formation 
was thinned by erosion of the rising highland. 
The absence of Wenatchee Formation in the 
northern part of the Chiwaukum graben is attrib­
uted to pre-Yakima Basalt erosional stripping 
of the format ion • 

COMMENTS ON THE BOUNDING FAULTS 
OF THE CHIWAUKUM GRABEN 

Although the Entiat fault must project 
through the Wenatchee quadrangle as a major 
fau It zone, it is not ~ 11 exposed with in the · 
quadrangle. The Leaven'v\Orth fault zone passes 
near, but just outside of, the southwest corner 
of the Monitor quadrangle. Thus Wenatchee and 
Monitor quadrangles are not wel I suited for a 
detailed study of the faults. However, some 
observations that relate to the geometry or 
history of the faults are presented he re. 

ENTIAT FAULT 

Although regional tilting of the Wenatchee 
Formation is consistently t..pward to the north­
west along the crystalline block of the Entiat 
Range (profile A in fig. 14), along profiles B 
and C , the base of the format ion , resting on 
older sedimentary units, reaches a maximum 
elevation and then plunges to the northwest. In 
general, near the city of Wenatchee, the base of 
the Wenatchee Formation is now slightly higher 
to the west of the Entiat fau It, 'M'lich precludes 
major t..pl ift of the eastern side of the fault 
since early Oligocene time. Laravie (1976), 
assuming that the Entiat is a rormal fault, 
cone I uded that the re has been no renewed mot ion 
of the Entiat fault at the extreme oorthern end 
of the Chiwaukum graben. However, he suggested 
that there has been major post-Miocene renewed 
displacement along a segment of the Entiat fault 
near the exposure of crystalline rocks in the 
Eagle Creek anticline. His suggest ion is based 
on geomorphic evidence (displaced erosion 
surface) and occurrences of Yakima Basalt at low 
elevation in the graben. The basalt occurrences 
are somewhat suspect, and they could be mass 
wasting deposits. But if Laravie is correct, a 
sagging motion \\Ould be required to explain the 
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lack of renewed uplift in the extreme north of 
the graben and near Wenatchee, but major 
post-Miocene displacement midway between 
them. The change in profiles Band C ( fig. 14 ) 
could be taken as evidence supporting the 
scissor' s movement that is required by sagging. 
However, the critical data at the north end of 
the profiles is from an area where the Fairview 
Canyon si II COlll)I icates the geologic 
rel at ions. 

LEAVENWORTH FAULT 

The Leaveny,orth fault zone may be crossed 
with fairly good exposure by taking the Devils 
Gulch trail that begins at the eastern oorder of 
the Monitor quadrangle in sec. 18, T. 22 N., R. 
19 E., and crosses the fau It zone in sec. 19, 
within the Liberty 15-minute quadrangle. 
Southwest-dipping Chumstick beds that are the 
continuation of the homocl ina I, conglomerate­
poor sequence in the Monitor quadrangle are 
exposed a long the t ra i I or infer red from 
outcrops on the north side of the tra i I for a 
distance of about 0.4 miles from the trailhead. 
This is fol lowed by a narrow belt of sandstone 
with oonglomerates of monol ithologic basalt and 
felsic \Olcanics (described in the section on 
Chumstick Formation), having bedding discordant 
to the homoc I inal beds, that crops out north of 
the trail and is inferred from float of conglom­
erate along the trai I. This belt is considered 
to be a tectonic sliver of lower Chumstick 
rocks. From this point to the point where the 
t ra i I bends south into Devils Cu lch, I itholog ies 
a re chaotic and sheared. Sandstone that 
resembles Chumstick and probable Swauk sand­
stone having better indu rat ion and a darker, 
slightly greenish color ooth occur along the 
trai I and are tectonically intermixed. Rocks 
are locally veined with quartz, including veins 
in an outcrop of sheared basaltic conglomerate. 
Some rocks are slightly slaty and resemble low­
grade metamorphic rocks. 

If the genera I trend of the Leavenworth 
fault zone is projected to the southeast from 
the first crossing of the fault zone along the 
Devi Is Gulch t ra i I, it 'M>U Id be expected to 
cross into the Monitor quadrangle in the 
southern pa rt of sec. 1 9 , T. 2 2 N. , R. 1 9 E • 
However, exposures along the ridge in the far 
southeast corner of sec. 1 9, which is at the 
extreme southwest corner of the Monitor 
quadrangle, a re Chumst ick Format ion that is pa rt 
of the homoclinal sequence. In order for the 

Leaven\\Orth fault zone to miss the Monitor 
quadrangle, it must swing to a more southerly 
strike from the position of the fault in Devils 
Gulch. This is consistent with the general 
irregularity of the Leaven\\Orth fault zone . 

SUMMARY OF GEOLOGIC HISTORY 

The timing of some geologic events recorded 
in the rocks of the Wenatchee-Monitor area is 
uncertain, as evident from the detailed descrip­
tion of units and geologic relationships. The 
SlfTimary of geologic history, which must always 
be viewed as interpretive, presents the author's 
judgment of the most probable interpretation, 
based on the cur rent state of knowledge. 

The pre-Late Cretaceous crystal I ine rocks 
(Swakane Biotite Gneiss) indicate deposition and 
meta morph ism of a cbminant ly sedimentary proto-
1 ith of eugeosyncl ina I rocks. Smal I quartz 
diorite plutons locally intruded the unit prior 
to metamorphism. The rocks probably were 
uplifted during regional Middle to Late 
Cretaceous orogenic activity that is well cbcu­
mented for the north Cascades . 

Within Paleocene and early Eocene time, ero­
sion exposed the Swakane Biot ite Cne iss and 
created the surface upon which the Swauk 
Formation was deposited in early Eocene time. 
The fluvial and lacustrine feldspathic rocks of 
the Swauk may have oovered the entire area, 
including the ter rane east of the Entiat fault. 
Swauk deposition ended by about 50 m . y .b. p. and 
the formation was folded about essentially east­
west axes before deposit ion of the Teanaway 
Basalt. The Teanaway intruded the Swauk as 
northeast-trending dike swarms at about 47 to 48 
m.y.b.p. and poured out ~ the post-Swauk 
surface in the terrane west of the Monitor 
quadrangle. Shallow fel sic intrusve rocks 
( Wenatchee Dome, Rooster Comb) may have been 
emplaced into Swauk near the present eastern 
border of the Chiwaukum graben . 

The Chiwaukum graben was initiated about 
46(? ) m.y.b.p. as a rhombochasm (pull-apart 
basin ) along the right-lateral strike-slip 
Entiat fault. The irregular Leaven\\Orth fault 
zone is essentially the normal-fault tensional 
border of the rhombochasm, although its southern 
end may be the COl'll)lementary strike-slip bound­
ary of the eastern side of the structure. 
Fluvial and lacust rine feldspath ic sediments of 
theChumstick Formation accumulated as the pull­
apart basin opened over a period of perhaps 6 
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million years during the middle Eocene. The 
Chiwaukt.m graben thus was the locus of deposi­
t ion of a thick sedimentary sequence, although 
deposition probably extended beyond the confines 
of the graben and the Chumstick may have been 
physically connected with the Roslyn Formation 
to the west. Fanglomerates with clasts repre­
sentative of I ithologies of adjacent ter ranes 
were shed into the graben along its borders, 
producing mono I ithologic conglomerates of grano­
diorite, serpentinite, and Teanaway Basalt along 
the Leaven\\Orth fault zone. 

Igneous activity during deposition of the 
Chumstick included both eruptive and intrusive 
rock types. Volcanic eruptions to the north 
produced felsic ash-flow and air-fall tuffaceous 
horizons. The tufts are thick in the north end 
of the graben (average, 20 ft) but are thinned 
to an average 1 to 4 ft in the Wenatchee and 
Monitor quadrangles. Mafic igneous rocks 
intruded the Chumstick several times, including 
the 48-million-year-old Eocene gabbro in the 
lower part of the section in the Wenatchee 
quadrangle and a 42-mil lion-year-old gabbro 
reported in the northern pa rt of the graben. 
The large gabbroic Camas Land sill, lying west 
of the Monitor quadrangle, probably was intruded 
during this time interval, but it has not been 
precisely dated. 

During subsidence of the Chiwaukum 
graben, a subsidiary horst was present along 
nearly the entire exposed length of the eastern 
side of the graben coincident with the present 
position of the Eagle Creek anticline. The 
horst may have been discontinuous, and the 
lithology of the horst blocks are Swakane 
Biotite Gneiss in the northern part of the 
graben and Swauk Formation to the south (within 
the Wenatchee and Monitor quadrangles). The 
horst blocks apparently moved northwest during 
strike-slip faulting on the Entiat fault, 
because the geographic positons of the t\\O 
blocks match the relative positions of 
crystal I ine basement and Swauk Format ion in the 
terrane west of the Leavenworth fault. However, 
movement on the Entiat fault must have rotated 
at least the southern rorst block; Swauk bedding 
within the block trends northwest and is near­
vertical, in alignment with the trend of the 
Entiat fault, but is discordant to Swauk bedding 
west of the Leaven\\Orth fault (where it strikes 
approximately east-west and dips south) • 
Foliation of Swakane Biotite Gneiss in the 
northern rorst block also may be discordant to 

typical Swakane foliation, judging from struc­
tural data on the map by Whetten and Waitt 
( 197 8) • The Eagle Creek antic I ine, though 
modified by younger COlll)ressional deformation, 
is considered to be primarily an extensional 
structure formed by differential subsidence over 
and adjacent to horst blocks during opening of 
the graben. 

Graben activity ended about 40 m.y.b.p., 
coincident with the end of Laramide deformation 
elsewhere in western North America. This in i ­
t iated a period of tectonic and magmatic 
quiescence of approximately 5 to 6 mil I ion yea rs 
duration. During quiescence, middle Eocene 
topography was greatly reduced, leaving the area 
as a relatively featureless plain of low relief 
and probably low elevation. The erosion surface 
formed at this time is part of the Telluride 
erosion surface that was developed over rrost of 
the western United States. Prior ro deposition 
of the Wenatchee Formation at 34 m . y.b.p., the 
area probably bore a resemblance to the present 
southeastern United States. A mature topography 
was deeply mantled with a saproliHc weathering 
rind in ~ich feldspars and mafic minerals had 
been chemically altered to clay minerals and 
sesquioxides. 

Tectonic activity resumed in the early 
Oligocene . The first material eroded from in­
cipient l.4)1ifts was saprolite . It was winnowed 
rapidly by stream action to produce the distinc­
tive quartz sandstones of the Wenatchee 
Formation, which are chemically mature but tex­
turally immature. Volcanism also had commenced 
again, and fine ash was carried to the Wenatchee 
area from a distant source. The source most 
Ii ke ly was to the south, near the John Day area 
of Oregon, where thicker tuffaceous beds and 
felsic flows of similar age are interbedded with 
the John Day Formation. Most of the fine ash 
was mixed with fine sediment winnowed from 
sapropelic material by stream activity, but thin 
ash beds locally were buried and preserved. 
Parts of the Wenatchee Formation were repeatedly 
subjected to subaerial exposure during deposi­
tion of the unit, during which times the nor­
mally blue to gray organic-rich muds were 
reddened by weathering processes. Shallow lakes 
and ponds also formed in Wenatchee time, pro­
viding catchment basins for local deposition of 
lacust rine facies. 

The character of the l.4)per member of the 
Wenatchee Formation suggests that uplift and(or) 
volcanic activity occurred in a nearby area. 
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This supplied the ooarse \Olcanic detritus typi­
cal of the unit. 

The Wenatchee Formation had minimal or no 
cover of younger sedimentary rocks when 
deformed by northeast-southwest cofll)ressive 
stress between 34 and 29 m.y.b.p. Relatively 
minor stacked thrust faults carried Chumstick 
Formation out of the graben and onto the 
gneissic basement east of the Entiat fault. The 
overlying Wenatchee Formation also was cut by 
the thrusts and was folded in a unique style. 
Thust faults that are reported within Chumstick 
rocks in the northern part of the Chiwaukum 
graben may correlate with the chcumented 
post-Wenatchee age th rusts. 

At about 30 m.y.b.p., but perhaps 
occurring over a period of several million 
years, the Horse Lake Mountain intrusive complex 
was emplaced. Intrusion was synchronous with 
northwest-trending, right-lateral strike-slip 
deformation that cut obliquely across the 
southern part of the Chiwaukum graben. 
Chumstick bedding was rotated and distended 
within a shear oouple, al lowing passive em­
placement of the many sills and associated dikes 
of hornblende andesite. Due to the thinness of 
the Wenatchee Formation and a lack of overlying 
younger rocks, magma intruded as si II s in 
inclined Chumstick bedding was channeled into 
the unconformity between the Wenatchee and 
Chumstick Formations, making the largest single 
intrusive mass of the cofll)lex - the Canyon 
Nunber One stock and composite si II. The 
Wenatchee Pinnacles probably are part of the 
same intrusive event, though they are not dated. 
Hydrothermal activity associated with these 
intrusions caused several periods of si licif i­
cation, primarily of . previously or contem­
poraneously brecciated rocks, and deposited 
economic amounts of gold and other metals. 

It is oonceivable that the shear couple that 
allowed passive emplacement of the Horse Lake 
Mountain intrusive a>fll)lex and the minor thrust 
faulting that affects the Wenatchee Formation 
are contemporaneous. There is some evidence 
that thrusting may have been obi ique to the 
Entiat fault. Cofll)ression in a northerly direc­
tion could result in the west-north-.vest­
trending, right-lateral shear couple associated 
with intrusion of andesites as wel I as north­
northeast-directed thrust faults along the 
eastern 1:X>rder of the Chiwaukum graben. 

High-angle faults of L11certain age cut both 
the Wenatchee Formation and andesites of the 

Horse Lake Mountain complex. Some of them may 
result from post 34 m.y. and(or) post 29 m.y. 
rejuvenation of high-angle faults of the Eagle 
Creek anticline that began in Chumst ick time. 

The Wenatchee Formation was thinned ero­
sionally, progressively more to the northwest, 
before deposition of the Columbia River Basalt 
Croup. An unnamed shaly unit of Miocene age was 
deposited on the Wenatchee Formation, also prior 
to basalt deposition, at least in the area near 
the city of Wenatchee. The Wenatchee Formation 
and the Miocene shales probably thicken to the 
south and connect with, respectively, the lower 
and upper members of the John Day Formation of 
Oregon (see Fisher and Rensberger, 1972). 

The Columbia River Basalt Group was depos­
ited over an interval of several million years, 
beginning in the middle Miocene. It probably 
covered all of the Wenatchee and Monitor 
quadrangles. 

The ancestral Columbia River and its tribu­
taries breached the basalt flows, and erosional 
destruction of basalt continued as Cascade 
uplift arched the flows gently 1.4>ward to the 
west. By Pliocene time, basaltic mass wasting 
debris oovered large parts of the area. With 
further erosion, basalt debris locally acted as 
a protective cap that resulted in inverted 
topography in the terrain -.vest of the Columbia 
River. The terrain east of the Columbia River 
consists largely of basaltic landslide debris 
that continues to creep and slide in modern 
time. 

Catastrophic flooding chwn the Coh.mbia 
River valley occurred during Pleistocene time. 
The river was dammed cbwnstream of Wenatchee, 
creating a lake that existed for perhaps 1,000 
to 2 , 000 yea rs. Deposits re lated to the lake 
are still preserved in at least ooe tributary 
valley; later flooding removed lake deposits 
from the main Columbia River valley. Terraces 
composed largely of gravel with minor sand were 
deposited by flood waters east of the Colunbia 
River, and both water- and ice-transported er­
ratics were left in widely scattered localities. 
Windblown loess was deposited in the area and 
formed particularly thick mantles over the 
terrain east of the Colunbia River. Caliche 
horizons formed locally in loess. 

A number of occurrences of unnamed 
sedimentary units of unknown age and correlation 
are present in the area. They are poorly 
exposed and of smal I extent. They are probably 
of Pliocene to Pleistocene age. 
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There is no evidence for late Cenozoic move­
ment on the Entiat fault in the Wenatchee area, 
although possibly late Cenozoic normal faulting 
took place along the Entiat fault in the 
northern part of the graben. 

Volcanic ash from the eruption of Mount 
Mazama (Crater Lake) in southern Oregon 6 , 600 

years ago was deposited in the Wenatchee area. 
Pockets of ash are preserved locally at bottoms 
of valleys and intermittent drainages. The area 
received a light dusting of ash from the erup­
t ion of Mount St. Helens on May 18, 1980. 
Hardly any trace of this ash fal I is pre­
served. 
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BULLETIN 75 
PLATE 1 

DESCRIPTION OF UN ITS 

SURFICIAL DEPOSITS 

Eolian deposits (Pleistocene to Recent), east of the Columbia River, 
mostly underlain by mass wasting debris 

Fluvial deposits, alluvial fans, and other undifferentiated deposits of 
Pleistocene to Recent age 

Landslide deposits 

Landslide deposits composed of debl"is from the Wenatchee Formation 

Terrace deposits of lacustrine or deltaic origin related to damming of 
the Columbia Valley during the Spokane Flood 

Sand and gravel deposits mainly as giant bar deposits east of the Co~ 
lumbia River formed during the Spokane Flood 

Mass wasting deposits that probably range in age from Pliocene to 
Recent. Composed mostly or debris from the Columbia River 
Basalt Group. Includes debris flows, talus deposits, and local 
stream-rounded cobbles 

SEDThfENTARY AND EXTRUSIVE IGNEOUS ROCKS 

Unnamed sedimentary rocks or uncertain age and correlation, occuring 
east of the Columbia River 

Yakima Basalt, a Subgroup of the Columbia River Basalt Group. 
Occurrences shown east of the Columbia River are mostly not 
in place, but are massive blocks of basalt within a terrane of mass 
wasting debris 

Interflow sedimentary beds of fe!dspathic sandstone and shale that are 
within the Miocene Columbia River Basalt Group. Some occur­
rences are relatively coherent masses within a terrane of mass 
wasting debris; others may be only slightly, if at all, displaced 
from their original depositional position 

Wenatchee Formation of Oligocene age. Includes a lower member 
composed of bluish-gray tuffaceous shale, siltstone, and dirty 
sandstone interbedded with buff-colored beds of quartz sand­
stone. Thin coal seams and tuff horizons occur !oca!ly. Reddish­
stained intraformational paleosols are common. The upper 
member is white conglomeratic sandstone 

Chumstick Formation of middle to late Eocene age. Consists primarily 
of buff lo tan feldspathic sandstone interbedded with shale, 
siltstone, and conglomerate. Thin coal seams occur locally. 
Includes all of the lower part of the Chumstick but also is used 
for coarser facies of the upper {Nahahum Canyon) member that 
are indistinguishable from Tc 

Nahahum Canyon Member of the Chumstick Formation. Consists 
primarily of brown shale and siltstone with interbedded 
buff to tan sandstone. This depositional facies of the 
Chumstick Formation is restricted to the upper part of the 
unit; time-equivalent coarser beds representing influence of 
alluvial fan deposition are mapped as Tc 

Swauk{?) Formation of late Eocene age. Well-indurated light- to dark­
gray relspathic sandstone interbedded with shale and conglomer­
ate. Commonly contains thick calcite veins 

METAMORPHI C ROCKS 

Swakane Biotite Gneiss of pre-Late Cretaceous age. Consists of rela­
tively homogeneous quartz-feldspar-biotite gneiss, locally schis­
tose. Contains minor interbeds of amphibol ite and marble. 
Quartzofeldspathic pegmatites occur mainly concordant to 
foliation, but local ly are cross cutting 

INTRUSIVE IGN EOUS ROCKS 

Unnamed gabbro intruded into the lower part of the Chumstick Forma­
tion, daLed at 48.3 ± 2.8 mybp 

Biotitic rhyodacite porphyry. These are the felsic rocks of the Wen­
atchee Pinnacles. Age is uncertain, but is within the range of 43 
to 51 mybp 

Hornblende andesite, possibly with minor amounts of dacite in the 
mafic rocks of the Wenatchee Pinnacles. Most of the unit mapped 
as Ti is the Horse Lake Mountain complex. Similar appearing 
rocks of the Wenatchee Pinnacles are given the same designation. 
The andesiles of the Horse Lake Mountain complex hiwe an aver­
age of 30 mybp; mafic rocks of the Wenatchee pinnacles are 
not dated 

HYDROTHERMALLY ALTERED ROCKS 

Hydrothermally altered rocks associated with intrusive 
tion largely is as bleaching and silicification of 

LEGEND 

Contact 

rocks. Altera­
breccia zones 

Dashed where approximately located; dotted where concealed 

----?- .... . 
Normal fau!t 

Dashed where approximately localed; dolled where concealed; queried 
where imcerlain. 

......... ........ .............. . ,.._ . 

Thrust fault 

Dashed wliere approximately located; dolled where concealed. Saw­
teeth 011 upper plale 

Anticline 

Syncline 

Dotted w/Jere concealed 
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BULLETIN 75 
PLATE 2 

DESCRIPTION OF UNITS 

SURFICIAL DEPOSITS 

Fluvial deposits, alluvial fans , and other undifferentiated deposits of 
Pleistocene to Recent age 

Landslide deposits 

Landslide deposits composed of debris from the Wenatchee Formation 

Mass wasting deposits that probably range in age from Pliocene to 
Recent. Composed mostly of debris from the Columbia River 
Basalt Group. Includes debris flows, talus deposits, and local 
stream-rounded cobbles 

SEDIMENTARY AND EXTRUSIVE IGNEO US ROCKS 

Wenatchee Formation of Oligocene age. Includes a lower member 
composed of bluish -gray tuffaceous shale, siltstone, and dirty 
sandstone interbedded wit.h buff-colored beds of quartz sand· 
stone. Thin coal seams and tuff horizons occur locally. Reddish­
stained intraformational paleoso!s are common. The upper 
member is white conglomeratic sandstone 

Chumstick Formation of mid.die to late Eocene age. Consists primarily 
of buff to tan feldspathic sandstone interbedded with shale, 
siltstone, and conglomerate. Thin coal seams occur locally. 
Includes all of the lower part of the Chumstick but also is used 
for coarser facies of th,;, upper (Nahahum Canyon) member that 
are indistinguishable from Tc 

Nahahum Canyon Member of the Chumstick Formation. Consists 
primarily of brown shale and siltstone with interbedded 
buff to tan sandstone. This depositional facies of the 
Chumstick Formation is restricted to the upper part of the 
unit; time-equivalent coarser beds representing influence of 
alluvial fan deposition are mapped as Tc 

Tuff beds of 
Mission Creek 

Tuff beds of 
Yaxon Canyon 

Tuff beds of 
Horse Lake Mountain 

Mappable turf becl.s within the low· 
er part of the Chumstick Forma­
tion. Thickness ranges from 1 to 7 
feet and colors include white, light 
gray, and olive green. Tuff beds 
typicaHy are fine grained and often 
include weak to well-developed 
f!uvial bedding and detrita! ad· 
mixture. Local pumiceous facies are 
present. Tuff is hard and brittle, 
and frequently is iron stained along 
fractures and in Liesegang ring 
structures. Zeolitization is com­
mon. Dashed where approximately 
located; dotted where concealed 

Tuff bed of 
Fairview Canyon 

Swauk(?) l<'ormation o( late Eocene age. Well-indurated light- to dark­
gray felspathic sandstone interbedded with shale and conglomer­
ate. Commonly contains thick calcite veins 

INTRUSIVE IGNEOUS ROCKS 

Unnamed gabbro intruded into the lower part of the Chumstick Forma­
tion, dated at 48.3 :!: 2.8 mybp 

Hornblende andesitc , possibly with minor amounts of dacite in the 
mafic rocks of the Wenatchee Pinnacles. Mosl of the unit mapped 
as Ti is the Horse Lake Mountain complex. Sim ilar appearing 
rocks of the Wenatchee Pinnacles are given the same designation. 
The ancl.esites of the Horse Lake Mountain complex have an aver­
age of 30 mybp; mafic rocks of the Wenatchee pinnacles are 
not dated 

HYDROTHERMALLY ALTERED ROCKS 

Hydrothermally altered rocks associated with intrusive rocks. Altera· 
tion largely is as bleaching and silicification of breccia zones 
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DESCRIPTION OF UNITS 

SURFICIAL DEPOSITS 

Eolian deposits (Pleistocene to Recent), east of the Columbia River, 
mostly underlain by mass wast ing debris 

Fluviai deposits, alluvial fans, and other undifferentiated deposits of 
Pleistocene to Recent age 

Landslide deposits 

Landslide deposits composed of debris from the Wenatchee Formation 

Sand and gravel deposits mainly as giant -bar deposits east of the Co­
lumbia River formed during the Spokane Flood 

Mass wasting deposits that probably range in age from Pliocene to 
Recent. Composed mostly of debris from the Columbia River 
Basalt Group. Includes debris 11ows, talus deposits, and local 
stream-rounded cobbles 

SEDIMENTARY AND EXTRUSIVE IGNEOUS ROCKS 

Yakima Basalt, a Subgroup of the Columbia Rivet Basalt Group. 
Occurrences shown east of the Columbia River are mostly not 
in place, but are massive blocks of basalt within a terrane of mass 
wasting debris 

lnterflow sedimentary beds of feldspathic sandstone and shale that are 
within the Miocene Columbia River Basalt Group. Some occu?­
rences are relatively coherent masses within a terrane of mass 
wasting debris; others may be only slightly, if at all, displaced 
from their original depositional position 

Unnamed sedimentary beds of Miocene age, consisting primarily of 
bentonitic shale with minor poorly consolidated beds of feld ­
spathic sandstone and conglomerate 

Wenatchee Formation of Oligocene age. Includes a lower member 
composed of bluish-gray tuffaceous shale , siltstone , and dirty 
sandstone interbedded with buff-colored beds of quartz sand­
stone. Thin coal seams and tuff horizons occur locally. Reddish­
stained intraformational pa\eosols are common. The upper 
member is white conglomeratlc sandstone 

ITctv, I 

lrcw21 

1Tctv3 1 

• 

Chumstick Formation of middle to late Eocene age. Consists prima?ily 
of buff to tan feldspathic sandstone interbedded with shale, 
siltstone, and conglomerate. Thin coal seams occur locally. 
Includes all of the lower part of the Chumstick but also is used 
for coarser fades of the upper (Nahahum Canyon) member that 
sre indistinguishable from Tc 

Nahahum Canyon Member of the Chumstick Formation. Consists 
primarily of brown shale and siltstone with interbedded 
buff to tan sandstone. This depositional facies of the 
Chumstick Formation is restricted to the upper part of the 
unit; time-equivalent coarser beds representing influence of 
alluvial fan deposition are mapped as Tc 

Tuff beds of 
Yaxon Canyon 

Tuff bed of 
Fairview Canyon 

Mappable tuff beds within the low· 
er part of the Chumstick Fonna­
tion. Thickness ranges from 1 to 7 
feet and colors include white, light 
gray, and olive green. Tuff beds 
typically are fine grained and often 
include weak to well-developed 
fluvial bedding and detrital ad­
mixture. Local pumiceous fades are 
present. Tuff is hard and brittle, 
and frequently is iron stained along 
fractures and in Liesegang ring 
st?uctures. Zeolitization is com­
mon. Dashed where approximately 
located; dotted where concealed 

Swauk(?) Formation of late Eocene age. Well -indurated !ight- to da?k· 
gray felspathic sandstone interbedded with shale and conglomer­
ate. Commonly contains thick calcite veins 

METAMORPHIC ROCKS 

Swakane Biotite Gneiss of pre-Late Cretaceous age. Consists of rela­
tively homogeneous quartz-feldspsr-biotite gneiss, locally schis· 
tose. Contains minor interbeds of amphibo!ite and marble. 
Quartzofeldspathic pegmatites occur mainly concordant to 
foliation , but !oca!ly are cross cutting 

INTRUSIVE IGNEOUS ROCKS 

Unnamed gabbro intruded into the lower part of the Chumstick Forma­
tion, dated at 48.3 ± 2.8 mybp 

Hornblende andesite, possibly with minor amounts of dacite in the 
mafic rocks of the Wenatchee Pinnacles. Most of the unit mapped 
as Ti is the Horse Lake Mountain complex. Similar appearing 
rocks or the Wenatchee Pinnacles sre given the same designation. 
The andesites of the Horse Lake Mountain complex have an aver­
age of 30 mybp ; mafic rocks of the Wenatchee pinnacles are 
not dated 

HYDROTHERMALLY ALTERED ROCKS 

Hydrothermally altered rocks associated wi th intrusive 
t ion largely is as bleaching and silicification of 

rocks. Altera­
breccia zones 
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