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CORRELATION OF MAP UNITS 

Qls Qob Qab Qa i Pleistocene QUAffRrJARY 

QT, QTil i Pliocene 

Tai Eocene TERTIARY 

To 

pfr PRE -TERTIARY 

DESCRIPTION OF MAP UNITS 

LANDsl rnE DEPOSIT (PLEISTOCENE)--Mapped only where 
cOntact relations ot bedrock un i ts are obscured 

OLIVINE BASALT (PLEISTOCENE)--Flows and tephra of 
gray, conunonly diktytaxitic olivine and 
olivine-bearing basalt. Plagioclase 
phenocrysts present in most flows 

HORNBLENDE ANDES I TE ( PLE 1 STOCENE )- -light-gray , 
cOrnmonly oxidized flows and minor tephra of 
h0rnblende and hornblende-bearing andes i te. 

ANDESJTIC INTRUSIONS (PLEISTOCENE)--Plugs and dikes 
of hornblende and pyroxene andesite. Feeders 
f0r unit Qah 

PYIWX[NE ANDESITE (PLEISTOCENE AND PLIOCENE}--Flows 
ahct minor tephra of porphyritic andesite and 
hdsaltic andesite. Includes olivine basalt 
flows erupted from vents on Hogback Mo untain 
apct interbedded with pyroxene andesi~e flows. 
Also includes several hornblende dac 1te domes 
overlain by the olivine basalt flows. Plagio
clase, hypersthene , and clinopyroxene generally 
present as phenocrysts. Hornblende occurs in 
some rocks 

ANllESIT!C AND flASALT!C-ANDESITIC INTRUSIONS 
(PLEISTOCENE AND PLIOCENE)--Plugs and dikes of 
pyroxene andesite, basaltic andesite, and horn
blende andesite; at least in part re lated to 
pYfoxene andesite of unit QTa. Dike~ of. 
pfroxene andesite and basaltic andes1te 1n 
central part of area snow radial pattern 
centered on Upper Lake Creek 

STEVE fis RIDGE FORMATION (EOCENE)--Light-co l ored, 
silicic ashflow tuff arid associate<! bedded tuft 
and rhyolit e flows. Quartz pheriocrysts 
common. Secondary minerals, especially clay, 
cdlcite, 4uartz, and zeolites abundant 

OHANAPECOSH FORMATION (EOCENE)--Chietly alterea 
basaltic arid andesitic lava flows and bedded 
vblcaniclastic rocks. Also includes silicic 
r'l ows and tuffs, as we ll as small intrusive 
bodies .ot matic to silicic compositioris. Unit 
cbnsists predominantly of lithic tuffs, lapil I i 
t ~tfs, and hreccias_ in n?rth half of area arid 
of andesitic lava tlows rn south half of 
drea. Zeolites, quartz, calcite, and clay 
inlinerals abundant; rocks c0Fll11only have a green 
or violet cast. Basaltic flows and rhyolite 
near base of formation along Clear Fork Cowlitz 
Ri ver and in McCal 1 llasin area may be separated 
fr-om overlyi 119 Oh<H1apecosh beds by an angular 
unconforo1ity 

JNTRUS!VE KOCKS Of MAFIC AND IrHEKMEDIATE 
cbMPOSlTIONS (TERTJARY)--Dikes, sills, plugs, 
a'nd sha 11 ow-s eatf>d pl utons, predominantly of 
porpnyri l i c fJyroxene an des i t e but including 
d;ior ite and qudrtz monzonite. Age range 
ur1known ; includes teeders for flows <1nd tutfs 
i n the Uhanepecosh Formation as wel I as upper 
T~rtior·y llo(lies, Generally altered; clays and 
calcite especially common 

RUSSE LL IIANCII FORMATION ( PIH:- mn [ARY )--Graywa tk e' 
ari1i 11 ite, and less abundant bas a 1 tic flows, 
most of which have pillow structures. Sheared ir r~ost places. Mos t flo ws are metarnorµhoser1 
tp greens tone 

CON rAcT 

ANTICILINE--Showing direction of µlunge; dotted 
w'here conceal ell 

direction of plung e; dotted where 

Ill KE 

AER0/1AGrffTIC CO"rHOUR --Contour interval 100 yammas 
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STUDIES RELATED TO WILDERNESS 

~he Wilderness Ac t {Public Law 88-577, September 
3, 1964) and related acts require the U.S. Geological 
Surve.Y anrf the U.S. Bureau of Mines to survey certain 
areas! on Federal lands to determine their mineral 
resource potential. Results must be made available to 
the public and be submitted to the President and the 
Congrrss. This report presents the results of 
geophysical surveys of the Goat Rocks Wilderness 
{NF03n am1 adjacent Goat Rocks Roadless Areas (RARE 
II 06036, Parts A, C, and D) i n Gifford Pinchot and 
Snoqu~lmie National Forests, Lewis and Yakima 
Count ~es, Wash. Goat Rocks Wilderness was established 
by Public Law 88-577, September 3, 1964. The Goat 
Rocks ! Roadless ,l\,reas were classif ied as futher 
pl anning areas during the Second Roadless Area Review 
and Eraluation (RARE II) by the U.S. Forest Service, 
January 1979. 

I 
INTRODUCTION 

The Goat Rocks Wilderness (NF032) and adjacent 
Goat Rocks Roadless Areas {RARE II 06036, parts A, C, 
and D) hereafter referred to as the Goat Rocks study 
area, straddle the crest of the Cascade Range in Lewis 
and Yakima Counties, south-central Washington. The 
study area lies in the Gifford Pinchot National Forest 
west of the Ccscade crest and in the Snoqualmie 
National Forest east of the crest. The Yakima Indian 
Reservation borders the southeastern and southern 
parts of the wilderness, Mount Rainier National Park 
is about 5 mi north of the area, and the Mount Adams 
Wilde l'"nes s is about fi mi south of the area. 
Elevations range from 2,930 ft along Upper lake Creek 
to 8,184 ft at Gilbert Park. Access to the wilderness 
and roadless areas is provided by good unpaved roads 
leading south from U.S. Highway 12. Travel within the 
area ·is aided by the Pacific Crest National Scenic 
Trail and connecting trails. 

The wilderness and adjacent roadless areas are 
underlain by pre-Tertiary marine sedimentary rocks 
(the Russell Ranch Foni,at ion), which comprise the 
southernmost knowri exposures of pre-Tertiary rocks in 
the Cascade Range of Washington aOO Oregon. The 
Russell Ranch is overlain by a thick sequence of 
Cenozoic volcanic rocks. The thickest and most 
extensive fonnation is the Eocene Ohanapecosh 
Formation, which consists of volcaniclastic rocks and 
lava flows predominantly of andesitic composition. 
The O~anapecosh is overlain by silicic ash-flow tuff 
of the Eocene Stevens Ridge Formation. A major 
erosional unconformity separates these rocks from 
upper lPliocene rhyolitic tuff and flows that occur i n 
the eastern part of the area. A thick sequence of 
pyroxene andesite lava flows was erupted in the late 
Pliocene and Pleistocene from a large volcano, the 
Goat Rocks volcano, centered in the core of the 
wilde~ness area; satellite vents fed andesite and 
basalt flows. The youngest volcanism, of late 
Pleisfocene age, producec1 hornblende andesite from 
vents lin the central and northern part of the 
wi1der,

1
ness area and olivine basalt .in the southern 

part. 
~ntrusive bodies of mane and intennediate 

compositions are common. They range from narrow d i kes 
to sh illlow plutonic bodies several miles in 
diamet er . Ages are poorly constrained; it is l ikely 
that the dikes were i ntruc1ed throughout much of the 
CenozOic. Many of the bodies and adjacent country 
rocks underwent quartz-sericite- pyrite and propylitic 
alteration. 

~he Russell Ranch Formation is cut by major 
north-trending faults. Both the Ohanapecost1 and 
Stevens Ridge Formatioris are only broadly folded along 
north J northwest trends. Rocks of Neogene age are not 
demon ~trably deformed. 
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AEROMAGNETIC SURVEYS 

Two aerornagnetic surveys cover the Goat ~ocks 
study area. One was flown in 1974 (U.S. Geologica1 
Survey, 1975) at 8,000 ft barornetric elevation on 
east-west flight l ines spaced approximately 1 mi 
apart. The second was flown in 1981 (\I.S. Geologica l 
Survey, 19R2), draped at approxir'lately 1,000 ft above 
the terrain on east-west fl i ght lines spaced 
approxir1ately 0.62 mi apart. Given the rugged terrain 
of the area anc1 the limited pHfonnance of t he 
s11rveying aircraft it is better to think of this 
survey as se1-1idraped. There i s good agreement bet11ee11 
the two surveys, but the draped survey is used i n this 
report because it is more detailed and is available as 
a digital data set. The rlata have had the 
International Gem~agnetic Reference fielci 1975 upciate 
removed and have been reduced-to-the-pole, a technique 
which attempts to account for trle inclination of the 
Earth's 1'1 agnetic field. The principal effect of the 
reduction-to- the-pole is to shift magnetic ancx11dlies 
to a position directly above their source. 

On inspection it is clear that the ma jority of 
aerorngnetic anol'lalies are relilted to topography. 
Most topographic highs are a_lso aeromaglletic highs anc1 
most topograp hic l ows are aeromagnetic lows. This is 
to be expected even when the aerornagnetic survey is 
semi-draped. This general pattern can be reversed for 
topographic features that are composed of rocks with a 
strong reversed remenant magnetization. Figure 1 show 
examples of profiles of aeromagnetic anomalies over 
terrain , A general correlation is clear in these 
prof iles. 

Significant deviations froin this relation between 
topography and aeronagnetic anomalies can delineate 
features in the subsurface geology. To enhance our 
ability to identify these de•tiations, we created a set 
of synthetic aermagnetic maps using the techniq11es of 
Blakely (1981). The synthetic aeromagnetic maps are 
calculated at the same elevation as the actual 
aeromagnetic map by assu11ing the topography is 
magnetized in the present direction of the Ea rth's 
magnetic field (Inclination= 69°, Declination= 20°) 
with magnetizations between 0~006 and 0.015 
electro1nagnetic unit (ernu)/cm , The magnitude of 
magnetization of different topographic features is 
clearly quite variable so we created a series of maps 
at various nagnetizations. Because of ttiis known 
variability in magnetization it is not advantageous to 
create a residual field (subtract conputed magnetic 
map values from the observed aerornagnetic field) as 
most of th e resulting anomalies will simply reflect 
deviations from the assumed magnetization. It is 
better to keep the two maps iritact, overlay them, and 
study each deviation individually to determine which 
anona l ies are clearly not related to topography. Fly 
doing so we identified several anomalies unrelated to 
topography. 

One area of anomalously low 1:1agnetizati on is near 
Packwood Glac ier and western McCall Rasin and 
coincides with a large area of mapped altered rock. 
Another is near the ~/!iite Pass Ski Area, also an are"l 
of mapped altered rock. A third is on the northwest 
part of Pine Grass Ridge; this entire area is covered 
by andesite flows ({)Ta) tl1at are reverse l y 
nagneti zed. Perhaps one or more of these flows are 
very thick in a pa1eovalley. There are several small 
areas of anomlously high magnetization. One high is 
near Walupt Creek. The geology offers no clue to the 
source of the anomaly. Another anomaly is located 
just north of t he wilderness at Leach Lake. The 
anomaly corresponds reasonably well to outcrops of a 
normally magnetized Quaternary hornblende andesite 
(Deer Lake lava flow) that are surrounded by sediments 
of the Russell Ranch Formct i on. 
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DISTANCE IN KILOMETERS 

Figure 1.--East ~west profiles of aeromagnetic and smoothed terra in 
data. Locations of profiles are identifier! on the aerornagnetic 
map as profiles A-A' and B-B'. 
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