HENT OF AGRICY
Division of Geology and Earth Resources
Ok%\ Ron Teissere - State Geologist ((/\y by Pa'UI E ° Hammond
) Q
% &
44% 12115 OLD SCAB MOUNTAIN SaE RaE oy O
oErre i |634000mE |635 |636 12'30" |637 1638 | |639 10’ |640 |641 1 840 000 FEET| |642 %6052,30"
4675230 ‘ ¥ | — \ \ ¥ Lo : INTRODUCTION The Goat Creek fault is a major north-northwest-striking tectonic break, one of several mapped (unit Tgr) with sharp contact, conglomerate and breccia upon a scoured surface, or consists most abundantly of tuffs and volcanic sedimentary rocks of Wildcat Creek
0 / Tde/ 4% A% ) 7 Tor 7 ~ f . . . . . . in the upper Naches River basin. In the northwest corner of the quadrangle, this fault is intruded finer-grained beds atop about 5 m (~15 ft) of brown pebbly clay paleosol; thickness (unit Towc) and andesite lava rock of Nile Creek (unit Tfnc), but includes fragments
9 s &: \7\ | ais / )\ 3 Qls £ The Timberwolf Mountain 7.5-minute quadrangle is located in the Wenatchee National Forest by the andesite complex of North Fork Rattlesnake Creek (unit Tira) and m’ore recently b is 65 to 120 m (200400 ft); age is 7 to 11 Ma (Smith, 1988) ’ of all rocks surrounding caldera; color varies between white’ ray, green, and brown;
( f X | Tfnc Tinc / i /) le\/\ \ e in Yakima County on the eastern slope of the Cascade Range, about 16 km (10 mi) east of the chite of Barton Crepek (unit Tbed). Here the fault shows no displacement since em laZen}l,ent of e , . well indurated siliciﬁegd and ar’ illized; massive although ir,reg ui’lrgl 'oi’nted' forms ’
) Qls ()) \ X crest. The western half of the quadrangle lies within the William O. Douglas Wilderness. The the intrusions. but can be traced as.a fracture zone. In the mid dlz of the quadran lep the fault Grande Ronde Basalt—Consists here of four units that are individual lava flows, steep. rouch sl’o os- bou;l ded b g eri héral fault of cal dira' on% eas}t/ eJrnmost, art of
ool K = 3 quadrangle is about 40 km (25 mi) west of Yakima, the nearest moderate-sized community. coincides witl’l the east margin of the Mount Aix c.aldera To the south tli fault sg lii[s with the although some flows show evidence of multiple injections of lava and (or) inflated, caldlz’ra lieg; in tlfe T’imberwolf li]/[gun'?ain uadrangle. Im o;tant}éonstituents olf)
5192000mN| o \\3\ 3 J‘\,[ b 5 c - Mapping, aided by study of aerial photos, was conducted along roads and trails, ridge Hindoo Creek fault formin £ the cast branch and se arati'n reenstone/pillow la\ll)a (u’nit KJrg) invasive lava; contains abundant fine-grained plagioclase and clinopyroxene in a caldera fill in the quadranele are the hu eqblock ogf h'i hlp fractured lava flows of
7> X Vel [ Ll e Qls / 5192 crests, ridge slopes, and open, commonly steep, stream courses. Field-glass study of opposing . . & e parating & P 9 fine-grained groundmass, some flows having additional sparse plagioclase pheno- . e g . £e gy
IEEEEN Y o) \,.Qls N 4 > . . .. . . from foliated diorite of the Indian Creek complex (unit KJif). South of the quadrangle, the two i . . Nile Creek (unit Tfnc) that underlies the ridge extending west from Nelson Butte, and
[ Thed Q) % 2 / 560 000 slopes and photographs taken earlier aided in recognizing critical areas for examination and .. . . . . . oy crysts; dark gray to black. All flows are basaltic andesite (Table 2) rather than true f . .
O’ T1bed B — = lanni Field stati d seologic f lotted direct] h hi branches rejoin. The amount of stratigraphic separation on the fault is not discernible in the basalt. Fl o 1 di b d position of tiers. Jointi the 1.5 by 0.5 by 0.35 km (0.9 x 0.3 x 0.2 mi) block of Wildcat Creek beds (unit
N \ 1 Z Qls FEET planning traverses. Field stations and geologic features were plotted directly on the topographic d le. H cal striati he fault bl here i Terti Kk asalt. Flows vary 1n internal structure and in number and position of tiers. Jointing T hat tightly folded durine its slide i he cald Smaller block 1
5 s Qgt 7\"—— dranvle. Field stati . . . quadrangle. However, vertical striations on the fault plane where it separates pre-Tertiary roc . . . owc) that tightly folded during its slide into the caldera. Smaller blocks, as large as
quadrangle. Field stations and sample sites were located before 1996 by field inspection and S . is stubby to splintery to radiating columnar, blocky, or, most commonly, hackly. .
777>\ (5SS 445 5 AN > 065 55 N 30 L . . indicates that the west side has moved up. . . ; . about 150 by 240 m (500 x 800 ft) but generally much smaller, and slivers, up to
77 e ) 7 N /| - recognition of landmarks, and during the 1996 season and thereafter by global positioning . . . . . Bases and tops are non-vesicular to vesicular to pillow lava. All flows terminate . . . . .
2/ Tira 008 N = 55, w . . . . The fault transecting Timberwolf Mountain separates sills on the north side of Rattlesnake X .. . . 10 m (30 ft) wide and 30 m (100 ft) long, consist of rhyolite tuff of Bumping River
Titd /fa ? = ) ) 056 system (GPS). An altimeter gave elevations. Of 210 samples collected in the quadrangle, nine . . . . . abruptly against rising topography except the Rocky Coulee flow (unit Tgr), which . . . . . . .
X e U= 3 7 &5 Qls . 40 A /39 . Creek and is poorly exposed along the north ridge of Timberwolf Mountain. In both locations, . ; i . . . (unit Tfbt) and andesite-dacite tuff of Nelson Ridge (unit Tont). Thickness is
. § LAY A N ¢ 4549 were submitted for “YAr/> Ar age-dating (Table 1) and 160 for x-ray fluorescence (Table 2) . . . . thins out, its basal contact rising toward the top where the unit grades into scoria. .
A A g = / N T . . . . the west side of the fault moved up, dragging the east side upward. The fault strikes toward, but . . unknown, probably more than 1.2 km (4000 ft)(cross section A). The caldera was
BN s Tira [ @08 4 1165 analyses. Names of rocks follow the classifications of Le Maitre and others (1989) for volcanic . Where exposed, flows are separated by interbeds, generally up to 10 m (30 ft) thick, . . . . . .
S ( I | N ur/\ , K . . . is not traceable to, Nelson Butte. " . . h . . . formed during eruption of rhyolite tuff of Bumping River (unit Tfbt) at 24.7 Ma.
N : A 055 rocks and Wilson (1989) for plutonic rocks. Fragmental volcanic rocks are named after the . . . of whitish fine-grained to pumice-lapilli tuff, yellowish to brownish fine-grained
5191 2hes)) ! % \\ 066" 048 ) it } \ classification of Schmid (1981) North-striking Glass Creek fault, in the northeast part of the quadrangle, is not traceable sandstone, or palagonitic hyaloclastite. The two top flows (units Tgr and Tgc) are Biotite-hornblende-quartz-plagioclase rhyolite tuff of Bumping River—Lithic-
T AN <+ ——“Qgt \ Tira o< =N 4 B X Tac : ' except where it cuts lava flows of Grande Ronde Basalt. On the north rim of Glass Creek, the > O parag yaloc ; P gr: 9 Tfbt . nde-q ~plagloc’a y . ping
| : A \ ! X 2 = | . . part of the Sentinel Bluffs N, unit (Reidel and others, 1989), containing more than and pumice-lapilli crystal-vitric rhyolite tuff (Table 2) with abundant fine- to
alh ( ki /13)/ SRR e N N, 2 fo g s : 5191 STRATIGRAPHY Rocky Coulee flow is offset about 2 m (6 1), west side up. Where the fault passes southward 4% MgO and having normal magnetic polarity; they unconformably overlie andesite medium-grained plagioclase (2.5-3.5%), ilmenite-magnetite (0.5-3.5%), quartz
ru \ < \I—'ln'\ / N Z NS | b)Y / S8 T~ N N J >) A’ through the rim of the ridge northeast of North Fork Rattlesnake Creek, southeast of Schneider of ;\Iileg Creek (unit '%fnc) in the ngortheals)t com};’r of zlhe uadrangle }{“he lower two (0.5-1% )g and feVI:/ %ains of bi(;tite .an(; ﬁomblende egnerall al.terec.l cgr;lqletel to
L o e o y \ %ia 053 25 / Vo oy / )N = ,'/7:/&., c ] The Timberwolf Mountain quadrangle contains the most complete record of rock units in this Springs, pre-Ellensburg stream erosion has followed the fault and cut a valley at least 25 m . 4 g . . N 2P gra . . generatly npetely
\ (- Qgt : ) — X~ Qls Qls7 A\ \20" g 050, 051 D\ \ y Wz SHE . . . . . . flows (units Tgg and Tgw) are part of the Grouse Creek and Wapshilla Ridge R, units iron oxide and yellowish to greenish clay minerals, all in a very fine grained
Qls ) " { i Tia 80T i | [ |5 ~ region of the Cascade Range. All major units are represented except the Bumping Lake granite (80 ft) deep, truncating the western extent of two Grande Ronde Basalt flows. Upward . . . . . . . o . . .
/ A A X A T { 3 £ Qﬁ 4 7 Y, batholith, which crops out in the Bumping Lake 7.5-minute quadrangle to the west. Pre-Tertia displacement on the west side of the Goat Creek, Hindoo Creek, Timberwolf Mountain, and (Reidel and others, 1989), have higher TiO, and Ba content and reversed magnetic vitroclastic groundmass with lapilli of yellowish to brownish pumice and angular
Ttrd / e { Qgt ) dlin, \ | ol Tgr 2 ~\/Tat ’ p ping . d £ . Y P o . D . ’ polarity; they unconformably overlie andesite of Nile Creek (unit Tfnc) and tuffa- dark-colored lithic fragments, commonly of andesite, in sufficient abundance to call
R J | n 7 Tar '\ Tev y TN ’ basement rocks, composed of the Russell Ranch (unit KJrr) and Indian Creek (units KJif and Glass Creek faults indicates that uplift of the Rimrock Lake inlier was accommodated by both . . . L o . .
ey y > S h X | 2 X ) N\ KJia) complexes of Upper Jurassic to Lower Cretaceous age, part of the Rimrock Lake inlier uparching and faulting of the overlying sirata ceous rocks of Wildcat Creek (unit Towc) south of North Fork Rattlesnake Creek. the deposit a tuff-breccia in and within about 2 km (1% mi) of the Mount Aix
| > ( L Q@ 'I\ = = \ SRR = >v J v © . p pp g6, P . P & & ying ) _ The Grouse Creek unit is locally referred to as the Meeks Table flow (Swanson, caldera; light gray, yellowish to pale brown where vapor-phase altered; locally
N, 7 \ P g (Miller, 1989), occur in the western half of the quadrangle. They are overlain by a northeast- At the southwest base of Nelson Butte, a short north-northwest-striking fault separates L . . .. . e . . . .
| a7 / 1) : \ - AN e . . . . . . . B . 1967). Age is middle Miocene (15.6-16 Ma)(Reidel and others, 1989). Divided into: silicified; composed of multiple pyroclastic flow, surge, and air-fall deposits; blocky
5190 = ol L = Tira K\ \ &23 \ = 2 o ward-dipping stratigraphic sequence of Tertiary sedimentary and volcanic rocks. At the base of hornblende diorite of the Indian Creek complex (unit KJif) from sandstone of Summit Creek and irreeularly iointed: forms cliffs and steen. rouch slopes: oceurs as isolated
J‘\ =y > e / X Tira = N Py N7 this Tertiary sequence is the upper Eocene sandstone of Summit Creek (unit Tscs)(Vance and (unit Tscs) and lowermost Wildcat Creek beds (unit Towc). Here about a 2 m (6 ft) width of Rocky Coulee lava flow—Thickness is as much as 55 m (180 ft), g YJ ’ P, TOugh s1opes,
Qs EASTERN “PART pF THE INTRUSIVE GORE OF Qls- = = N\ = | . . . . . . — . . o Tor . blocks, up to about 150 by 240 m (500 x 800 ft) in size but generally much smaller,
— L = e XS > X _ l 5190 others, 1987), a name proposed herein to cover all similar sandstone units at this stratigraphic light-colored phyllite, a dynamically metamorphosed fine-grained sandstone or tuff, occurs averaging 30 m (100 ft). and slivers, up to 10 m (30 ft) wide and 30 m (100 ft) long, in the collapse breccia
= > %5 NORTH FORK R A{T TLESNAKE-CREEK/ | VOLCANO e AT ﬁ \fzo \T T position in the area between the crest of the Cascade Range and the Naches River to the east. along the fault. Forceful emplacement of the dacite of Nelson Butte (unit Tnbd) at 3.8 Ma Cohassett lava flow—Thickness is as much as 90 m (300 ft), averagin (unit chb)’anl()i alone the fault marein of the Mount Aix cfi dera. and aspsmaller
O Tira ) 1 ~—oa\ TRIGR The sandstone of Summit Creek is overlain conformably by the Ohanapecosh Formation of accounts for the generally steeper dip of the strata, the deformation along the fault, and the Tgc ’ gne . g &l o .
30 /Tscs | S SR . . . i - 70 m (230 ft). fragments in the matrix of the breccia of the andesite intrusive complex of North
W ( \ S ‘\ 3 upper Eocene to lower Oligocene age, named by Fiske and others (1963)(Swanson, 1964, 1978; higher topographic level of the strata here. Inward dipping fault planes around the base of Fork Rattlesnake Creek (unit Tirb): possibly erupted from the perimeter of the Mount
e A TS = \ = Schreiber, 1981; Shultz, 1988). The rhyolite tuff of McDaniel Lake (unit Tomt), formerly called Nelson Butte, at 15 to 45 degrees with down-dip striations, clearly show that the dacite plug N Grouse Creek lava flow—Thickness is as much as 150 m (500 ft), Aix caldera. althoueh no vents or f"eI; der dil};es hI:we been founlc)l in this location: after
s Qgt ™ VE)g ; the vitric tuff of Rattlesnake Creek by Schreiber (1981) and Shultz (1988), forms a marker bed expanded upward in its emplacement. <2 averaging 80 m (260 ft); locally referred to as the Meeks Table flow. collapse of ‘;he cal d%ra most tuff erupted from a kilometer-wide (0.6 mi) vent a’t the
Tira )y Fe, <= Tscs 85, ) near the top of the Wildcat Creek beds. The andesite-dacite tuff of Nelson Ridge (unit Tont) is . . . . . ’ . . o ‘
T Ot 7= . . Wapshilla Ridge lava flow—Thickness is as much as 50 m (160 ft) north base of Bismarck Peak in the west-adjacent Bumping Lake quadrangle; age
U v S — ’ ’
5189 . tNT 4/)( ... > also;E:s(ljie;:pié?)zhmgz:l:Z::Z\(f)e}rl?;ipszssg fl(:) ?;ﬁi?;g.y Fifes Peak Formation of upper DESCRIFTION OF MAP UNITS Tow averaging 30 m (100 ft). 24.7 +£0.23 Ma (upper Oligocene) determined from samples from quadrangles west
g &2 o Quat Surficial D it d north of the Timb If M i drangl
(¢ g Qat ; . . . .. . . uaternary Surfricial Deposits and north of the Timberwo ountain quadrangle.
093, 094\ ", ’ . . .
Pa/_ e S \ ﬂ\ Ti)ra/ 2 5189 (o)tllig;)scs ?966?)??l"zzrlflt/lfzzcl?el:ka%zﬁzgsjﬁei;?eﬁz?:s ila:}?ée;iz&;;lglleps;li}?eyaili(seitingf G Alluvium—Gravel, sand, silt, and clay deposited in stream flow, sheet flood, Upper Oligocene to Lower Miocene Intrusions it Andesite of Timberwolf Mountain volcano—Porphyritic andesite to dacite
. . . . . . . a . . . . . m . . . .
P ér < 4L L Nile Creek (unit Tfnc), andesite of Timberwolf Mountain volcano (unit Tftm), tuff of Bumping overbank, and lake environments; gray to pale brown; clasts are subangular to Intrusive complex of North Fork Rattlesnake Creek—Consists of two intrusions that are the (Table 2) with moderate to abundant medium- to fine-grained phenocrysts of white
Qta \ % > > . . . . . .
4 ata | e (o&-..' / Qgt River (unit Tfbt), and collapse breccia of Mount Aix caldera (unit Tfcb). The Nile Creek rounded, with boulders up to 1 m (3 ft) in diameter, and consist of diverse volcanic roots of the volcano of North Fork Rattlesnake Creek, a deeply eroded, large volcanic center plagioclase (6—24%), black orthopyroxene (1.5-4.5%), dark green augite (1-2%),
7 G '?( I andesite (unit Tfnc) erupted from the large volcano of North Fork Rattlesnake Creek, which has and plutonic rocks and some pre-Tertiary metamorphic rocks; poorly stratified and from which the andesite of Nile Creek (unit Tfnc) erupted, and a breccia deposit formed of talus and ilmenite-magnetite (0.5-2.5%) in a fine-grained to glassy groundmass; very dark
= Tirb SN 7 7 % / /Qat been reduced by erosion to a complex of intrusive andesite and quartz diorite (unit Tira). The sorted in coarser deposits, well stratified and sorted in finer deposits, locally cross shed into the Mount Aix caldera from the same truncated volcano. Divided into: gray (almost black) to gray, brown where weathered; forms isolated, remnant,
: 7 7 %/ v tuff of Cash Prairie (unit Tfct) separates the ove.rlylng andes1t.e of Timberwolf Mountain volcano bed.ded; generally poorly consoh.dated; may include fglamal outwash; covers all . : Hornblende quartz diorite of Thunder Creek—Uniformly fine- to medium- blockyqomted l.a.\/a flows and breccia, 351t065m (115215 ft) thick, with rare
S g - 7 DN 2;§ from the underlying beds of Wildcat Creek (unit Towc). Erosion has also largely destroyed the major valley bottoms and underlies terraces where dissected by streams; thickness is Titd grained, with whitish plagioclase (55%), black to dark-green hornblende (20%) interbeds of whitish to pale green plagioclase crystal-vitric tuff, 0.5 to 2 m (2-6 ft)
A R 77 . . . . . -~ 5 5 = 5 . . . . .
5188 7 7 / Y V- KJ:> volcano of T1mb.erw01f Mquntaln, leaving a thin remnant of l.ava flows on its southern flank. 0.1 to 50 m (1-165 ft). grayish quartz (14%), dark-green augite (10%), and ilmenite-magnetite(1%); basaltic thick. A 100-m (300 ft)-thick, dark. gray dc.abrls-avalanf:he depos.lt, with abundant
50" Q4 X 50’ The center of this volcano is represented by abundant sills, dikes, and plugs at the confluence of . . . . . . . o - ) i s angular fragments up to 1 m (3 ft) in size in a fine-grained matrix and at least one
) . i 3 ) Alluvial fan—Rock and sand; gray; clasts consist of diverse volcanic and plutonic andesite in composition (Table 2); propylitically altered; varies from dark gray to X .
X Dog and Rattlesnake Creeks. Eruption of the rhyolite tuff of Bumping River (unit Tfbt), of Qaf . . ) . . : . . S . interbedded lava flow, forms a blanket at the southeast base of the volcano in the
5188 upper Oligocene age (24.7 Ma), caused the formation and collapse of the Mount Aix caldera rocks and some pre-Tertiary metamorphic rocks; contains angular boulders over 1 m dark green to light greenish gray; blocky to irregular jointing; forms steep, cliffed east-adjacent quadrangles. Lava flows and fragmental deposits were supplied by
o : ) § . o (3 ft) in diameter; unsorted and chaotic; includes some channel and cut-and-fill slopes with aprons of talus; intrudes the northern part of the andesite intrusive . ) ) ) : S .
.0r1g.1nali)y recog.nlz.ed by Schre1bflr3 (198.1). lzf.ter its t(f;lllgallpselé th? c}?.lder?fwa.shf.illet(li, polsslbly to deposits; poorly consolidated; restricted lateral extent at or near mouth of tributary complex of North Fork Rattlesnake Creek (unit Tira), forming an oval stock, lntrlilsw;]floclgs of ?}rﬁerwog Mointam \éolcano (lgr]gt Tt), dwéuclll are lc(sorgentlr(ated d
ltsﬁlm’ g con.tlnumg eruptlton ?th um}t) ng lvflf,ull( ‘t;l nl(zct s ;)t tfflf}fut within tb ebTa era d stream at marked change in gradient; thickness is 1 to 20 m (3-65 ft). 1 by 2.5 km (0.6 x 1.6 mi), most of which lies outside the quadrangle; not nort Ob blfn t;rwo ; Olt{ri;lalr; at the Co? ueni:l?ho d 08 atn att ;sna eb : recks l'fm
collapse breccia are remnants of the extensive, thick blanket of tuff that once probably covere o . . radiometrically dated because of pervasive alteration; age estimated between are probably the center of the former volcano. The deposits unconformably overlie
e the Tlmbemglf .Mountaln quadrqngle. A huge block of t.he andesite-dacite tuff of Nelson Ridge i Talus—.Rock, generally monolithic; brown to gray to Whlt(?, depending on color of 25.67 Ma, age of unit Tira (Table 1), and 23.75 Ma, age of Bumping Lake granite the quartz-plagioclase rhyodamte—rhyohte tuff of Ca.lsh Prairie (unit Tfct) and .
T16N (unit Tont) slid into the Mount Aix caldera in the Bumping Lake quadrangle. A small block of composing rock; clasts are angular and pebble to boulder size, some larger than 1 m located west of the quadranele probably the tuffaceous rocks of Wildcat Creek (unit Towc) on a surface of low relief
T15N A 115N this tuff is present near the south margin of the caldera in the Timberwolf Mountain quadrangle. (3 ft) in diameter; lacks fine-grained matrix; unsorted or poorly sorted, generally q g without an intervening paleosol. Average thickness of deposits is about 150 m (500
| 4 Only the easternmost part of the Mount Aix caldera lies within the quadrangle. The caldera coarser downslope; most surface blocks unstable; restricted extent at base of cliff or Tirb Breccia (consolidated talus) of the andesite intrusive complex of North Fork ft). Age is 24.0 £0.8 to 24.73 +£0.46 Ma (upper Oligocene)(Table 1).
5187 is elliptical in shape, about 14 by 10 km (8.5 by 6 mi) in size, and elongated northwesterly. steep, rocky slope; commonly partly overgrown; thickness ranges from 1 to >30 m ' Rattlesnake Creek—A chaotic mass of angular to rounded fragments, chiefly of tz-plagiocl hvodacite-rhvolite tuff of Cash Prairie—Lithi d .
| Most of the caldera west of the quadrangle is intruded by the lower Miocene Bumping Lake (3 to >100 ft), thicker at base. porphyritic andesite (unit Tira), with a lesser amount of tuff of Bumping River Tfot IQ“,T; Z-p j‘[lglm?t ase ;'1 y;)'t a;if;'(‘:r 3{)‘1) 11‘; u'thof ai r:z;rle— 1 lcd_ an tplllmlt(”:e_
5187 biotite granite batholith (23.8 Ma). Bumping River tuff and the granite are cogenetic; both . . . . unit Tfbt) and diverse volcanic rock; clasts up to 5 m (15 ft) in size, most less than apt ,1 crystal-vitric rhyolite a. ¢ .Wl 1ne-. 0 medium-grained crystals o
= " e containgthe same minera(ls and arg - hemilz:a 1% similar. At the regs ent level of egrosion’ the - Landsll(.ie—Int.act masses, .up to a kilometer in width or length, o.f boulders and (1 m 3 ft)) in well-indurated matrix of intrusi\r/)e ﬁne-gr(aine d) porphyritic to aphanitic plagioclase (3—8%), quartz (0.5%), ilmenite-magnetite (<0.5-2%), and trace amount
R bt Idera breceia is lareely debris that slid int yth bsid pTh. debri sts mostly of rock cobbles in matrix of sand, silt, and clay; brown to dark gray; consists of rock andesite: varies from dark erav to dark ereen to lioht ereenish orav: propvliticall of hornblende, with lapilli of pumice (<0.5-6%), lithic fragments (8-16%), chiefly
ca erad recmadlfh argely de 1r°1tsh a lsdl mn (; csu tSIde\I;/(':lea tl(sj ekrs ZOHSIS,i ;nos y;llroc avalanche, slump, or earthflow deposits composed of locally derived rock and soil, altered and silicified: blocl;g tz)] v ulafr; ointin 'gforr%ls stee gclit}";’eg slr(;yes Wit}}ll of plutonic and metamorphic rocks, and sparse red scoria, in a devitrified, non-
Expoliel arof}lm e rr.{[a_rl_gfln 0 de cad e.rta—d. lzagmen.teT. loca | ree o ekS (tl”la'ldowt% lke commonly with woody debris; angular to rounded clasts; chaotic to poorly sorted aprons of talus: mas;ive al t}}iou h crgu delJ la eregél tens of mSt’ers thick d? i welded matrix; very light gray, light brown to yellowish white to yellowish brown,
= S b rge . iﬁa OVZ; (un; ne), a?than esclie 1les (un}[. }E)' f Ills (aitrge.t (1)'Cd 'Ot tlll cal d ree A and unstratified; generally forms a hummocky topography; ranges in area from 0.1 to skrl)allowl wes t,' exposed thickniss i abo};t 2y 15 m’ (700 ft); breccia was’ anpgxtégnsive weathering pale orangish brown to dark brown;. a series of pyroclastic flows with a
€O T HAC SOUTIWEST COTNET 0F e quadiang e was Hghiy joidec as It S Into the calcetd. >5 km? (0.04 to >1.2 mi?) and in thickness from 1 to 100 m (3-300 ft) at the toe; ywess X ’ few lenses of andesite pebble conglomerate and thin cross-bedded sandy tuff; poorly
3.7 km long by 2.4 km wide (2.3 by 1.5 mi) block of Nile Creek lava flows, located between ) 5 o apron of talus shed into the caldera from the truncated volcano of the North Fork . . - ’
) . ’ covers about 51 km* (20 mi®), which is about 25 percent of the area of the : : exposed in rounded to smooth-weathering slopes; blocky to slabby jointed; contacts
= e North Fork Rattlesnake and Dog Creeks, also slid en masse into the caldera. The volcano of . . Rattlesnake Creek, mapped separately from the collapse breccia of Mount Aix . ’ . i
5186 ’ . Timberwolf Mountain quadrangle. . . . . not exposed but unconformably overlies tuffaceous rocks of Wildcat Creek (unit
, North Fork Rattlesnake Creek, truncated by collapse of the caldera, shed a talus fan into the caldera (unit Tfcb); age is younger than 24.7 Ma, age of eruption of tuff of Bumping Te d lai formably by andesite lava fl f Timb If Mountai
. B caldera. Subsequent to the caldera collapse, this talus was intruded by more andesite (unit Tira) . Glacial till—Boulders, gravel, and abundant sand, silt, and clay; brown where River (unit Tfbt) and formation of Mount Aix caldera; constitutes the type Richmond O\INC) an ozeTr_ﬂam .uncon Orml?n Y ybartl besll. ¢ aziva hows g Hg e.rwg f ou;l am
é - 5186 in a renewed episode of magmatism, forming an intrusive breccia (unit Tirb) now exposed north d deeply weathered, to gray where unweathered, to bluish gray if recently exposed; breccia of Abbott (1953). vo (;EILO (uni A fmf)t,;ource dun town du © l.e ved o a:/e fle-f}rll- erllvi tromrthfi
o = I:_g of North Fork Rattlesnake Creek. Also during this renewed magmatism, the hornblende quartz clasts consist of diverse rock types, mostly volcanic with lesser plutonic and sparse Andesite intrusive complex of North Fork Rattlesnake CreekConsists of a :}(:ukn ecalisle ut P 0lns arllsoc(;)rt}t ains be](;feasmg Smo;nlll - 0 1. 1(2:50 Sai SZZ I7IOM ;
E 7 “\ = diorite of Thunder Creek (unit Titd) was intruded into the northern part of the andesite complex. pre-Tertiary metamorphic rocks; clasts vary in size and rounding; unsorted to poorly Tira : : oP . i : [iness at feas m ( ) probably as vatiey 11 age 1s 20.0 10 24, 1V ,
2 i £ N 2 The next overlying rock unit is middle Miocene lava flows of Grande Ronde Basalt of the sorted; massive to poorly stratified; commonly includes lenses or continuous thin labyrinth of irregular dikes, abundant sills, and plugs; aphanitic to fine- to medium- upper Oligocene, determined from samples in Rimrock Lake quadrangle to
@ J N N X i . ) ’ . i . . grained porphyritic andesite (Table 2) with medium- to coarse-grained phenocrysts southwest.
/) Tfcb 5, % @ L _ . .
i 7 2 = e : Coulee (uni Tar) and underying Coasset (onit T tmeonfommably verap Nile Crack | Chsts commonty uceted and sated: dstiated sfon valey foorsand well of whitish plagioclase (25-33%), black orthopyroxene (3-9%), dark-green augite Andesite of Nie Creek —Porphyritc andesite (Table 2) with abundant f
/ 9 2% / 7 / S 10& \ = \\\ \\T./ “al > i ﬂou e (grgt g'f) Ezn .ltlr;fer)ylnih © fa;:stettlt (uni;[ (g:c), En}c{on orm;:l }tl‘:)hve,: ap I:ie ﬂr e a.\;a valley slopes; t}ickness is 11050 m (’3 165 ft) s Y P (2-5%), and ilmenite-magnetite (0.5-2%) in a fine-grained groundmass with Tfnc ndesite o dl eh ree _t o;p Krtltllcl arll ©s ltel ( a(z(e) 3) (;Z/lt) ‘te)ll urll( a:[;l ine-to
Z Qls Tia 65087 ) '\ == 4 ows and breccia (unit Tfnc) north of Rattlesnake Creek. Remnants of the two older flow units, ; - . abundant rounded inclusions: proovlitically altered: dark erav to dark ereen to licht coarse-grained phenocrysts of whitish plagioclase (20-30%), black orthopyroxene
| e ) %ﬁ‘ N AN ~ ing Wapshilla Ridge (un A | ons; propylitcall altered; dark gray to dark green to lig 659%) grecnish-black augite (0.3-3 3%), and fimente-magnetite (022 8%)
5185 i 2 Z // # ()2 8# /[40 J X X AN owc\< { K I i Sl e / + 096 _I(_}rouse Creelf< (locekl’llly calleld I\g[;.ell;s Ta(béle)(ll:rst(;rgg) z.m_c: underly&nﬁ .}Va(ljashlila} Rldﬁe (unit ) A Glacial outwash—Boulders and abundant cobbles, commonly in a sand-silt matrix; greenish gray; blocky to irregular jointing; forms steep, cliffed slopes with aprons of (2-6. g %), grc.ien:ish bllack augite ((;)-3 3:5dA))l,<and llmﬁnltefmafngtlte 0.2 Zaffi@im a
7/ P 4 y 6 Tecs / NS 088 (1 Qls) 089 Towc - \ 94 o /\/' = Tomt %ﬁn T?W), unc;)ln ;)Enal Y Ofrép kl cat Creek beds (unit Towc) and Nile Creek lava flows (unit e gray; clasts rounded to well rounded; poorly to moderately well sorted; stratified, talus; intrusions vary greatly in width, thickness, and size, from 1 to about 100 m gery lnehgralne tﬁ g Zs.sif grouE | mlissi ar ﬂgray W Ef Tesh, ;%WH t(zire 1;
7/ A Za X / ) % s Qs ) W A Fo(( \ \5( AN = 06 \ 5185 nc]))sout 10 fattlesng ? ree f h Mi Ellensbure F ) 4T commonly cross bedded, contains lenses of finer grained deposits; resembles alluvial (3-300 ft), forming a complex that covers about 25 km? (6 mi?) and extends west and lrown dw lere Wefl erlf >, Ormz ylocky fava d bows Wlt d reCCIat.e ase, dense fow=
2 | \\ i Yé;g 4 /7 Q> e tia® ) <& gh Qls 29 f Efl)osns 01 V()C'cang: Ecw; oBt N lli P petr Nl.i)cecne K le ns ;llrg orrr(liagon (pnzt iv_l)_fun;:(?n- gravel deposits; commonly forms terraces downvalley from glacial till (unit Qgt); north into adjacent quadrangles; age is 25.67 +£0.49 to 26.61 £0.55 Ma (Table 1). t;?’eg P ?ty- t(; X Ogoy_J (()T;tezol(r)ltglor, a? . r§c::1age d to sctorlla(;:eoiz(t)ogi Z}?l'y lingfm
i - nc) in . . o . . : . ickness from 5 to 60 m (15— ; contains interbeds up to 10 m ick o
A Qgt J 39N 20 S\ Towd [N Towe P ) 34 ormably overlap Lrande konde Basalt on .0. tie Lreek lava Hows .a nd breceia (unt . thickness is 1 to 50 m (3—165 ft). This unit, together with the breccia of the intrusive complex of North Fork - . . . o £ . o
= N R T oy 2 Towe the northeast part of the quadrangle. In addition to basalt and andesite clasts, the formation whitish and grayish to reddish plagioclase-vitric tuff and lithic-pumice lapilli tuff to
i T [ 42 Rattl ke Creek, fi the North Fork Rattl ke Creek vol . . . . . .
7~ Tfcb Tia Tla\% 50 ) j § \ \ ALY N %‘:}4 - 7 2 Y L // contains abundant dacite clasts and a matrix of dacite tuff, which are very similar lithologically Pliocene Intrusive and Volcanic Rocks artieshaie Treck, forms the 1o ork Rattiestiake Lreek voleano tuff-breccia of andesite-dacite composition (Table 2); lava flows grade eastward into
7 7 = 70 /5 ) \| ) K\ \ \ﬁo D g7 : / = to the three dacit§ plugs in the western part of th; quadrangle—Rattlesnak.e Peaks (unit Tnrd), . ) . . . . o . = Miscellaneous andes.it.e intrus.ions—Commonly porphyritic Wi.th medium- to ﬁne- thick sequences of laharic lithic tuff-breccia, 5 t.o 69 m (15.—200 ft) thick, with
@\W\Taa | Tich Tia = ( - Qe \ N N2 Nelson Butte (unit Tnbd), and Barton Creek (unit Tbed). The latter underlies the northern part Dacite and rhyodacite—Consists chiefly of dacite plugs, dikes, and sills; contains fine- to grained, abundant whitish plagioclase and lesser dark-green augite in a fine-grained, subrounded boulders of lava up to 10 m (30 ft) in size and interbedded tuff; lava
£ \ {2A)) \ {4 (N \5" ‘ Tigy 1:‘,? , //j & of the ridge east of Thunder Creek in the northwest corner of the quadrangle. However, these medium-grained phenocrysts of whitish plagioclase (8-20%), black (commonly opacitized) aphanitic to glassy groundmass; less commonly aphanitic with or without fine- flows erupted from the volcano of North Fork Rattlesnake Creek (unit Tira) before
5184 ", 80&/ — ) \Tcivc N \ \ A= = 5 \ o “N i Eal— dacites are 3.8 to 5.1 Ma (lower Pliocene) in age, younger than the 7 to 11 Ma (upper Miocene) hornblende (2-7%) and (or) black biotite (0.5-2%), rounded glassy quartz (1-6%), locally grained phenocrysts of plagioclase; commonly of basaltic andesite composition formation of Mount Aix caldera; lava flows also compose a large, intricately
Sl RS g N : ¢ - ’ o ) . . » . o .
Y s — § ~ . Ellensburg Formation (Smith, 1988; Smith and others, 1989). Therefore, volcanic sources of black .orthOpyrogene (hypersthene)(O.S %), {arely dark green to dark brown hornblende, and (Table 2); dar.k green to llght grayish green where prOpylltlf:ally altered; in narrow, fractured mass, 3.7 by 2.4 km (2.3 x 1.5 mi) wide and at least 180 m (600 ft) thick,
@ f > \bet N X % Z 5184 Ellensburg Formation lie outside the quadrangle to the north and west, where there are older ilmenite-magnetite (0.1-2%) in a glassy to inflated fine-grained granular groundmass; locally irregular to discontinuous dikes and plugs, many of which in the collapse breccia of that caps the ridge west of Nelson Butte within the Mount Aix caldera and is mapped
J Qgt T Qs - Qta) I\ Qls Trii o0 N dacite plugs. contains 1- to 3-cm (0.3—1.3 in.) clots of hornblende and plagioclase and angular to subrounded Mount Aix caldera (unit Tfcb) are possibly detached blocks; a large plug south of separately from the caldera breccia (unit Tfcb); a 610 by 760 m (2000 x 500 ft) block
7 { Thi L= 5% Common surficial deposits in the project area are alluvium (unit Qa), which mantles valley inclusions of host rock; very light to dark gray, very pale brown where weathered, pale reddish Nelson Butte consists chiefly of fine- to medium-grained pyroxene diorite. Age has of lava flows occurs at the east margin of the caldera; lava also forms many smaller
//ﬁ?s% < Qs < FKI/Q\B s =3 floors and terraces and forms fan deposits (unit Qaf) where side streams debouch into the brown where oxidized (fumarolically altered) in the west part of Nelson Butte (unit Tnbdo); not been determined, but is estimated at about the same age as the intrusions of blocks up to 60 m (200 ft) in size within the collapse breccia; unconformably
N Qls' &7 3\ an N ﬁ - 25 IS = 7 valleys; talus (unit Qta); landslides (unit Qls); and glacial till (unit Qgt) and outwash (unit Qgo). dikes and sills range from 5 to 100 m (15-300 ft) wide, with sharp, locally brecciated contacts Timberwolf Mountain (unit Tfti) and the andesite complex of North Fork Rattlesnake overlies tuff of McDaniel Lake (unit Tomt) and tuffaceous rocks of Wildcat Creek
47'30" = \\ X _// & N R / Aute Q T Tft/' — Qa ‘1l | 4730" Among these deposits, glacial and landslide deposits are prominent in the quadrangle. Uplift of and well-fractured, displaced wall rock; narrow apophyses extend only a few meters into wall Creek (unit Tira), 24.0-25.7 Ma (Table 1). (unit Towc) with a sharp undulating contact on a surface of low relief without an
32 a\ . . . . . . - - - . . o R .
7 ia 0 2 /r \9} S, the centra.ll Casca.de Range during the up.pe.r M%ocene, abou.t 6 Ma (Reiners and others, 2002), rgck, all lntm§10n§ are Qf similar ch§m1ca1 composition (Table 2), yet plugs were emplaced as : Intrusions of Timberwolf Mountain volcano—Consist of dikes, sills, and plugs of intervening palesol; thickness is about 769 m (2500 fj[) on the ridge northeast of
80 Tibt— HTia 8 ANz, Qot NZAL S\ (el and ensuing erosion, augmented by glaciation in the last million years or less, have sculpted the single to multiple intrusive masses; interpreted as feeders to domal volcanoes that stood 1 to Tt | Lasaltic andesite to thyolite (Table 2): diorite and quartz diorite occur in cores of North Fork Rattlesnake Creek (cross section A); age is 24.6 to 27.3 Ma (upper
5193[ 10 {7~ Tieb X = @5 I < < h 'i\*\/ u‘é{ 2 Jig7™t terrain. Snow accumulated at Nelson Ridge, just beyond the west margin of the quadrangle, 2 km (0.6-1.5 mi) above present erosion surface; where exposed, basal 5 to 15 m (15-50 ft) of some thick sills and Kl s oranite oc;urs only in tc}lle lue northwest of Timberwolf Oligocene), based on age determinations to north and east of the quadrangle.
ATfnc { ° i’ ) &/\ Lt a@ b TSCS\ XBO \§20 \ }?()\\/ 1O 2 T%VC @) from which glaciers advanced eastward into the tributary valleys of Rattlesnake Creek. The plug consists of fluidly layered dacite with lenses of breccia, dipping inward 15 to 75°; blocky Mountain at Rattlesnr;keg (’Ir%:ek' henocrysts 1};1 basaltri)c agndesite and andesite consist
\ / i 5 Y 7’\ > g‘ / T (3'}% \\\ ,5\ % 5183 quadrangle contains evidence of possibly three alpine glaciations. The oldest is represented by to slabby and locally columnar jointed, generally surrounded by steep slopes and an apron of of white plagioclase (20-30%) ’ (Ii)ark grzn augite (2-7%), ilmenite-magnetite (2%) Upper Eocene to Upper Oligocene Volcanic and Sedimentary Rocks
) Ine 7 =\ ~ N\ i - - - talus; pl in area from about 0.35 to 15 km? (0.1-5.9 mi2), with the Barton Creek pl —30%), dark- —77), - ’
i/, / _ QIS - s glacial deposits as much as 5 m (15 ft) thick that mantle the slope north of the middle course of alus; plugs range in area from about 0.35 to m? (0.1-5.9 mi®), with the Barton Creek plug . Ao . : s Dvided into-
j = 74 i S 24 o = o B Hindoo Creek and lie discontinuously aton the ridee east of lower Do Creek. During an being the largest in the upper Naches River basin; plugs generally rise more than 250 m (820 ft) a.nd.rarely black orthopyr(?xene, phenocrysts in diorite ar.ld quart; d10r1.te consist gf Ohanapecosh Formation—Divided into:
i S ) = Ticb ¢35 DL / y atop g g g . . . . similar percentages of white plagioclase, dark-green augite, and ilmenite-magnetite
K Tinc ) e —— &l — SR Qls / Thi /4 intermediate glaciation, till deposits were left as terraces atop rims of sills along the middle above adjacent topography, with the Barton Creek plug being the tallest, rising to 1100 m (3600 . . ; ’ . . Hornblende-quartz-plagioclase andesite-dacite tuff of Nelson
{ 784 3%y = 2 < KJrr Towe. MY o= > S . . . . . with black orthopyroxene (0.5%); dacite contains phenocrysts of white plagioclase Tont . L - L o . .
N/ X l f / / 0 course of Dog Creek. During a younger glaciation, between about 25,000 and 11,000 years ago ft); mounds of dacite debris-avalanche deposits or angular till (unit Tnrb), 10 to 115 m (30-375 . . . Ridge—Lithic- and pumice-lapilli crystal-vitric andesite-dacite tuff
N < Qgt 7 = = = / ibl ival he Lakedale Glaciati P ’ 1976), glaci : ied ,h ’ ft) high, cap ridges northeast of north Rattlesnake Peaks. An rhyodacite plug (unit Tnnr) north (25%), black orthopyroxene (11%), quartz (4%), and ilmenite-magnetite (1%); (Table 2) with abundant fine- to medium-grained phenocrysts of whitish
5= AN N 2 By Qls 194 101C possibly equivalent to the Lakedale Glaciation (Porter, ), glaciers occupred the upper gh, cap Ticg . . : ) Y ¢ plug tunt . granite contains phenocrysts of similar percentages of plagioclase and quartz with o . & P Y ..
> \ =/ s \0 { Rattlesnake Creek valley south of the quadrangle. In the quadrangle, a glacier in upper Dog of Nelson Butte contains medium- to fine-grained phenocrysts of whitish, epidotized plagio- black hornblende (5%) and ilmenite-magnetite (0.1%); varies in color from black to epidotized plagioclase (17%), gray quartz (16%), dark-green chloritized
Tfcb 70 = k == 0 Tt PN g Creek extended downvalley to the area south of Nelson Butte, and in upper North Fork clase and black, opacitized hornblende in a fine-grained, medium greenish-gray to pale brown o) g DA . hornblende (0.5%), and trace amount of ilmenite-magnetite in a fine-
o : 5o TOWH T % ) ’ . .. 2 g . dark green to pale greenish gray where fresh, pale to dark brown to yellowish orange . . . . .
5182 : 2 JOWG [T 0 ) Rattlesnake Creek, a glacier extended to the area of the bend where the creek turns to the groundmass. It is propylitically altered, blocky jointed and poorly exposed. Divided into: o . . . . grained vitroclastic groundmass with dark-colored, generally aphanitic,
— /\\Lﬁ\ i \ southeast. Possibly glaciers of different ages advanced to about the same locations in these . gray where weathereq, dikes a nd sills are .aphanmc .tO pOI‘phyI'lth., groun'dmass s lithic fragments up to 30 cm (1 ft) in size and greenish, flattened pumice
Qs —~/34 w \ i) Towe Tfti{::)O \ 2_12'126‘127 5ig2 1 N vE Jacial deposi & han 3 10 ft thick and ble f b — Hornblende-plagioclase dacite of Nelson Butte—Age is 3.2 £0.3 to 3.82 +0.08 Ma generally fine to medium grained, glassy in some dikes and margins of sills; plugs labilli: pale ercenish erav. weatherine to eravish whitei ronvliticall
(% ® N )//Sa? ) i SN = U Q i ‘3/?) oo 10006; e rees oz dep?l“s'ltsb(morel; I\E/lln tain, N 1tt 1}(; e tr%ce?l ) Orhm‘)fe tfan ’ (Table 1). grade from porphyritic in the margin to medium to coarse grained internally; dikes alfere(,i Ij:md t%lermall gmeyt,amor hose%i' eliax};ticall la ’ged?};vell g
\_/_%} THis0i80. Los \ on 7 mor ) are recognized at Timberwo ountam, Ne son utte, or in the north part o . . . range from 2 to 500 m (6—1650 ft) in width, sills generally from 8 to 80 m (2.5-265 . y P ’ . yay .
SR, e 138 ! -> the ridge east of North Fork Rattlesnake Creek, although each rises above the probable Hornblende-plagioclase dacite of Nelson Butte, fumarolically altered and A . . . indurated but extensively fractured; occurs in a 30-m (100 ft)-long block
\,\V% 5 \ 2o uliEey li he el i b hich ’ | duri laciati 1500 5000 fi Tnbdo oxidized—Age is same as unit Tnbd (Table 1) ft) in thickness, and plugs up to 515 m (1700 1) in breadth; age is same as andesite in the caldera breccia (unit Tfcb) in the southeast margin of the caldera;
=z NN SIIIOW ne (the clevation above which snow accumulates during glaciation) at m ( 0 £ ' of Timberwolf Mountain volcano (unit Tftm), 24.0 £0.8 to 24.73 +0.46 Ma (Table 1). ave unknown but similar lithologically and chemicallg to uartz—bearir;
e \124 §Tft' 37 ) evitlor(; lide d i it Ql ive in th drangle. They includ kfall k Ttrd Hornblende-plagioclase dacite of Thunder Creck ridge—Age is 4.00 £0.15 Ma tfffs in the Ohanapecosh Forma%ion Wyest of the uadr};n 1?3 (upper ¢
(18222 \\7 lanch I st (possibly underlain by ice). st d cthfl Most slid > th able 1). pper Oligocene to Lower Miocene Volcanic Deposits Oligocene)
} . andslide deposits (unit Qls) are extensive in the quadrangle. They include rockfalls, roc r Table 1 U Oli L Mi Vol icD . p q g pp
ol % avalanches, rock streams (possibly underlain by ice), slumps, and earthflows. Most slides in the S .
i [auffise) . \e® quadrangle are earthflows; they begin as slumps or rockfalls and transform downslope into Theg | Biotite-quartz-hornblende-plagioclase dacite of Barton Creek—Age is 4.69 Fifes Peak Formation—Divided into: Plagioclase rhyolite tuff of McDaniel Lake—Lithic- and pumice-lapilli
5181 005 \ i 139 ) e . : . c — - -
) \ \\T:' eartltlﬂowls as ttlllle rg";‘linazsi(;hzsmt.e)g.rate& Tgey r"i‘ngg llr'ldSIZe fro;n 0.1to5 kf? (0'0f4_2.011nil )’d +0.17 Ma (Table 1). THeb Collapse breccia of Mount Aix caldera—Chaotic assemblage of diverse volcanic Tomt crystal-vitric rhyolite tuff (Table 2) with fine- to medium-grained
3 ( NS 5181 most are less than 0.5 km .2 mi1) 1 area. Four landslide complexes, consisting of parallel an Hornblende-plasiocl dacite of th Rattl ke Peaks—Aoe is 5.13 <0.11 and other rocks, ranging widely in size from fine grains to blocks 4.5 km (2.7 mi) h ts of whitish plagiocl 3.5.8% 1tz (0.5% dil ite-
2 LY ) ) ) X e . - . plagioclase dacite of nor attlesnake Peaks—Age is 5. . , ranging y g . . phenocrysts of whitish plagioclase (3. 0), quartz (0.5%), and ilmenite
‘/ 2 J Tftm\023\ i C’ coa{iescmlg Sl(lfl)e frﬁf i}ftzle? V\Ecli:htalnd lelr(lgtél anl(i ?f (ilflf%rmg periods of actlvttty, Ogili;;n((;h; a1 Ma (Table 1). wide, most of which collapsed and avalanched into Mount Aix caldera as it subsided; magnetite (0.2-2.3%) in a fine-grained vitroclastic groundmass with
132 o5 - quadrangle: e No ork Rattlesnake Creek landslide complex covers about .
B e ( ) 2 Tf?;’%\o{; 62102210 mi?) on the northeast-facing slope above North Fork Rattlesnake Creek. (2) The McDaniel Lake e Breccia of hornblende-plagioclase dacite of north Rattlesnake Peaks—Age may
Ut N eSS T o A landslide complex is a very complicated moving mass atop the low ridge separating North Fork be same ai ur.n‘;.and (Table 1), or if breccia is found to be till, then it is the age of a Table 2. Chemical determinations of bedrock units. Units are identified by map symbol and listed in approximate stratigraphic order. Where several
\\ & <t/ Rattlesnake Creek from Dog Creek anfl Rattlesr}ake Creek. I,t sta.rts at the east base of Nelson younger glaciation. samples are averaged, ‘n’ indicates the number of samples. A sample site number (#) indicates a representative sample. Major elements are
18 Butte and moves ;astward, partly feeding the slides descending into North Fork Rattlesnake Hornblende-plagioclase rhyodacite north of Nelson Butte—Age unknown, but normalized with total Fe expressed as FeO. All determinations were performed at the GeoAnalytical Laboratory, Washington State University
Creek and following the course of FR 1502 at the east edge of the quadrangle. It is more than Tnnr . o . (Johnson and others, 1999).
2 oy n K Lake | ¢ X 2 5 possibly 4 to about 10 Ma, based on its similarity in composition and texture to other
5180 Towc 6 th (>2t‘3 m; t)hm areg' @3 )IT ¢ dBuC dLaHe ands ldte corrzipReitcloverls( aléout li ‘2(4) Th(0'8 mi‘) intrusions of this age range in the region. MAJOR ELEMENTS—NORMALIZED (in weight percent) TRACE ELEMENTS (in parts per million)
1n the center of the quadrangle and gradually moves toward kattiesnake Creek. € Unit Si0, | ALO; | TiO FeO | MnO | CaO | MgO | K;O | Na,O | P,O5 | Unnormalized total | Ni| Cr [Sc| V | Ba |Rb| Sr | Zr | Y | Nb
. 2 ) . 2 293 2 g 2 2 2Y9s
Tont- T 5180000mN Ratﬂe.stn alT(f? (I:Dreek lffnlsls hdet c.omplf((i coven iboﬁtél"‘ kHll( %‘3 ?{1 ) on the east-facing slope Middle to Upper Miocene Stratified Deposits Tnbd avg | 6554 | 16.68 | 0.606 | 416 | 0.081 | 489 | 1.70 | 1.75 | 441 | 0.189 98.81 78 [10] 81 41132 686 [ 147]15] 89
1 opposite Timberwolf Mountain and dumps into Rattlesnake Creek. _
Tses Many landslides were active before and during glaciation and have been intermittently Ellensburg Formation, volcanic facies—Interstratified conglomerate, breccia, ®=9) sddevi 953 | 0.3 | 0019 ) 9.1 | 0906 | 040 | 018 | 008 | 0.3 | 0.91 L L3430 1263 o1 )3 1199
C . . . . : Tev . . . o . Ttrd avg | 6837 | 16.04 | 0.423 | 3.11 | 0.072 | 3.98 1.23 | 2.06 | 459 | 0.123 95.82 6| 10| 6|46 |473| 42| 480 |121|13]| 8.6
| active since then. Most were probably caused by oversteepening of slopes by glacial erosion sandstone-siltstone, and volcanic ash (tuff) of dacite composition (Table 2); generally _
520 000} . . c > verv light erav to white. vellowish to ve ale brown where weathered: includes (n=2) stddev | 0.11 0.06 | 0.008 | 0.08 | 0.002 | 0.00 | 0.06 | 0.07 | 0.13 | 0.001 3.33 201 (0] 12371 8 3 ]1]04
FEET and st.ream. downcuttlpg, commgnly where .the dlp of the strata is towa.rd an adjacent stream and Ty hight gray > Y P . " > Tnrd avg | 61.91 | 17.89 | 0.756 | 4.06 | 0.081 | 6.67 | 2.47 | 1.48 | 434 | 0322 99.03 18] 21 |14 99 [414| 21 | 1350|180 |13 | 4.3
especially in the terrain underlain by clay-rich Wildcat Creek beds (unit Towc) and the debris avalanche, laharic flow, stream flow, and airfall deposits; well stratified but (1=2)
. . . . . = stddev| 0.56 | 0.12 | 0.003 | 0.59 | 0.009 | 0.08 | 0.16 | 0.02 | 0.13 | 0.001 1.21 112 (212|160 18 |16 |0 | 1.2
sandstone of Summit Creek (unit Tscs). poorly sorted; in beds 1 cm to 15 m (0.03-50 ft) thick; clasts of abundant dacite and T 69.52 | 14.75 | 0461 | 530 | 0.167 | 197 | 0.50 | 2.39 | 4.83 | 0.120 98.66 310 |28] 5 |733] 66 180 |244 |46 14.4
THi less common andesite and basalt are supported in a fine-grained matrix of biotite- nnr e : . : . : . : : : : : .
B | hornblende—plagioclase dacite tuff: forms steep smooth to ribbed SlOpeS' (n=2) stddev| 0.17 | 0.03 | 0.006 | 0.13 | 0.001 | 0.16 | 0.04 | 0.13 | 0.10 | 0.004 0.35 11700 2 1 110] 5 6 |1]03
5179 KJrr | = NS STRUCTURE . . s P ’ Tev avg | 62.23 | 1873 | 0.760 | 5.29 | 0.140 | 5.75 1.96 | 0.89 | 4.10 | 0.142 99.12 2127 | 17114348 | 12| 604 |138|10| 8.4
THird \ = Tftm ) ) ) ) ) ) o unconformably overlies andesite of Nile Creek (unit Tfnc) and Grande Ronde Basalt
\\ Towc \ =T 5179 Major structures in the Timberwolf Mountain quadrangle are the Rimrock Lake inlier, the (n=2) stddev| 1.10 | 0.17 | 0.098 | 037 | 0.075 | 0.12 | 0.39 | 0.04 | 0.05 | 0.023 0.75 L1014 )25 1|8 |13)2]25
Kdrr AR ) & B Mount Aix caldera, and five north- to northwest-striking faults. No folds are delineated in the Tgr avg | 5481 | 1424 | 1.788 | 11.03 | 0.200 | 853 | 472 | 138 | 297 | 0332 99.23 6| 45 |37]297|537| 33| 312 15834124
g5 . \ Y A : ; ) . ’ . . . o ST N
46°45" = 634 1635 6361 11 820 000 FEET 130" 1637 l641 642 | 643000mN| +46 45 quadrangle. A structural high, an uplift of pre-Tertiary rock in the Rimrock Lake inlier, lies in ) ) o . (n=2) stddev| 0.05 | 0.31 | 0.017 | 0.49 | 0.004 | 0.35 | 0.18 | 0.12 | 0.12 | 0.026 0.14 7915 13]1 )6 |6]0]19
(&121°15' 1230 RIVROCK LAKE R13E R14E 121°07'30" the southwest part of the quadrangle. The uplift elevated the Mount Aix caldera and tilted Table 1. Radiometric age determinations. NMGRL-NMBGMR, New Mexico Tgc #164 | 54.44 | 1429 | 1.856 | 11.05 | 0.205 | 895 | 4.84 | 121 | 2.83 | 0.334 99.16 11| 53 [42]311[517] 27| 313 |155|36 113
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abundant pale-brown pumice lapilli and lithic fragments; light gray to pale
brownish gray to pale greenish gray; pyroclastic-flow deposit; has a sharp
undulating unconformable basal contact atop a 15 cm (6 in) brown
paleosol on tuffaceous rocks of Wildcat Creek (unit Towc); forms a
marker bed; thickness is 35 m (115 ft); three determinations indicate an
age between 26.02 +0.18 and 26.8 +1.4 Ma (upper Oligocene)(Table 1).

Tuffaceous rocks of Wildcat Creek—Diverse volcaniclastic airfall and
pyroclastic-flow deposits consisting of fine-grained tuff, pumice-rich
lapilli tuff, and lapillistone, with less common reworked stream deposits
of sandstone, siltstone, and mudstone, rare conglomerate, and few lake
deposits; reddish and brownish in lower part, greenish in middle part, and
greenish blue, grayish brown, and pale brown in upper part; contains
crystals of plagioclase, quartz, pyroxene, hornblende, and ilmenite-
magnetite, and abundant lithic, pumice, and accretionary lapilli; varies in
composition from basaltic andesite to rhyolite, with most rocks being
andesite to dacite (Table 2); vitroclastic matrix altered extensively to
smectites and zeolites, weakening coherence within matrix of deposit and
increasing susceptibility to landsliding; in thin beds less than 1 m (3 ft) to
a few meters thick, laterally continuous and varying little in thickness;
forms many blocks of variable size within the collapse breccia of Mount
Aix caldera (unit Tfcb), one about 1500 m (5000 ft) long by 500 m

(1500 ft) wide by 300 m (1000 ft) thick (cross section B) was tightly
folded during its slide into the caldera; another block 150 by 300 m (500 x
1000 ft) is against the east margin of the caldera; forms smooth to locally
rimmed slopes; conformably overlies sandstone of Summit Creek (unit
Tscs) with a narrow gradational contact zone, although a 98-m (320 ft)-
thick lens of sandstone (unit Tscs) partly enclosed in andesite sills (unit
Tfti) lies above the contact along the east side of lower Dog Creek
(Schreiber, 1981), here possibly uplifted along a fault; thickness of lower
part is about 600 m (2000 ft), middle part 300 m (1000 ft), and upper part
150 m (500 ft), color being the primary distinction in the division of the
beds; total thickness about 1050 m (3500 ft)(cross sections A, B, and C);
age is about 29 to 34 Ma (lower Oligocene) based on age determinations
in the quadrangle (Table 1) and outside the quadrangle (Vance and others,
1987; Lander and Swanson, 1989).

Towc

Sandstone of Summit Creek—Subangular to subrounded, medium- to fine-grained
lithic mica (muscovite)-quartz-feldspar sandstone, siltstone, mudstone, and rare
conglomerate; light to dark gray, brownish where weathered; in beds 2 cm to 20 m
(1 in—65 ft) thick; forms smooth to steep, rimmed slopes; nonconformably overlies
pre-Tertiary rocks with sharp contact, locally with 1 to 2 m (3—6 ft) of dark brown
paleosol atop older rock; name from Vance and others (1987), who described these
deposits in the White Pass 7.5-minute quadrangle; thickness is 195 to 295 m (640—
970 ft)(cross sections A and B); older than about 34 Ma (upper Eocene) based on
stratigraphic relationship to the tuffaceous rocks of Wildcat Creek (unit Towc).

Tscs

Upper Jurassic to Lower Cretaceous Rocks of the Rimrock Lake Inlier

Russell Ranch complex of Miller (1989)—Dark-gray argillite, feldspathic
sandstone, graywacke, conglomerate, local pods of dark-green pillow basalt lava
(greenstone), lenses of gray-green basalt-andesite tuff, and scattered small grayish-
green hornblende diorite (tonalite) intrusions; bedded units, 5 to 200 m (16—665 ft)
thick, with gradational contacts; greenstone and diorite in pods and lenses 10 to 50 m
(30-165 ft) thick; occurs as structurally disrupted, bedded units lacking stratigraphic
continuity; blocky to irregular jointing; forms steep, rough slopes; interpreted as a
tectonic mélange (Miller, 1989); forms a belt, 3000 m (10,000 ft) wide and at least as
thick, between the fault margin of Mount Aix caldera and Goat Creek fault; age is
Upper Jurassic to Lower Cretaceous, based on fossil radiolaria in bedded chert
exposed outside quadrangle (Miller, 1989). Locally divided into:

KJrr

Pillow lava (greenstone) of the Russell Ranch complex—Dark-green,
fine-grained, massive basaltic pillow lava (Table 2); primary minerals of
pyroxene, plagioclase, and olivine are almost entirely altered to chlorite,
epidote, actinolite, calcite, iron oxides, and zeolites, with abundant clay;
contains abundant veinlets of quartz and actinolite; irregularly jointed;
forms steep to cliffed slopes; lies in a north-striking belt 1220 m (4000 ft)
wide, bounded on the west by Goat Creek fault and Russell Ranch
complex (unit KJrr), and on the east by Hindoo Creek fault and foliated
diorite of the Indian Creek complex (unit KJif); more than 1200 m

(4000 ft) thick; age is Upper Jurassic to Lower Cretaceous (Miller, 1989).

KJdrg

Foliated diorite of the Indian Creek complex—Dark-green to grayish-green,
gneissic (well to weakly foliated), medium- to coarse-grained, biotite-hornblende
quartz diorite of andesite composition (Table 2); contains plagioclase (50%), quartz
(25%), hornblende (15%), biotite (9%), and ilmenite-magnetite (1%), partly altered
to chlorite, epidote, and sericite; blocky jointed; forms steep, cliffed slopes; lies in a
parallel belt east of the Hindoo Creek fault, separated by the fault from pillow lava of
the Russell Ranch complex (unit KJrg); maximum exposed width of belt is 600 m
(2000 ft); age is 132 £13 to 154 +£2 Ma (Upper Jurassic to Lower Cretaceous), as
determined outside quadrangle (Miller, 1989).

KJif

Amphibolite of the Indian Creek complex—Dark-gray amphibolite of basalt
composition (Table 2); consists essentially of fine- to medium-grained, green horn-
blende (58%), plagioclase (41%), and ilmenite-magnetite (1%); well layered and
hornblende lineated; slabby jointed; occurs as 60-m (200 ft)-wide lens between
foliated diorite of the Indian Creek complex (unit KJif) and marginal fault of Mount
Aix caldera at southwest base of Nelson Butte; probable lens in foliated diorite of the
Indian Creek complex truncated by Mount Aix caldera fault; same age as foliated
diorite of the Indian Creek complex (unit KJif), Upper Jurassic to Lower Cretaceous.

Klia
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Contact—Long-dashed where approximately located; short-dashed where
inferred; queried where uncertain; showing dip

— —2— —u— Unconformity—Queried where uncertain; cross sections only
— —2— —n— Nonconformity—Queried where uncertain; cross sections only
— - - Fault, unknown offset—Long-dashed where approximately located; short-

dashed where inferred; dotted where concealed; queried where uncertain

- Normal fault—Bar and ball on downthrown side; long-dashed where
approximately located; short-dashed where inferred; dotted where concealed;
queried where uncertain; showing dip; in cross sections arrows show relative
movement

Reverse fault—R on upthrown side; long-dashed where approximately

? located; dotted where concealed; in cross sections arrows show relative
movement
~vywv - Shear—Showing dip
T Inclined bedding—Showing strike and dip
" 35 Inclined bedding—Showing approximate strike and dip
Y  Flow layering in lava flow or fluidal layering in plutonic rock—Showing
strike and dip
—v,;  Foliation in metamorphic rock—Showing strike and dip
e0 Joint—Showing strike and dip
72 Tia Dike or sill—Showing dip and geologic unit
— Landslide scarp—Hachures on downslope side
—— Direction of landslide movement
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