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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Pbulic Law 88-577, September 3, 1964) and the related acts 
require the U.S. Geological Survey and 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 submitted to the President and the Congress. This report 
presents the results of a geochemical survey of the Eagle Rock (06054) and Glacier Peak 
(06031L) Roadless Areas in the Mount Baker-Snoqualmie National Forest, Snohomish and 
King Counties, Washington. The Eagle Rock and Glacier Peak Roadless Areas were 
classified as further planning areas during the Second Roadless Area Review and 
Evaluation (RARE II) by the U.S. Forest Service, January 1979.

INTRODUCTION

During the 1979-1981 field seasons and in conjunction with geologic mapping (Tabor 
and others, 1982) and geochemical sampling (Church and others, 1982), rock samples were 
collected from the various formations that outcrop in the study area to determine 
background values for the ore-related metals. In addition, hydrothermally altered rocks 
were sampled, and mine adits and dumps were also sampled in an attempt to define the 
suite of metals characteristic of the area. During the geochemical reconnaissance of the 
stream drainages, stream pebbles were examined in an attempt to identify the rock type 
and mineralization that might cause a geochemical anomaly in the basins. The sample 
localities of the altered rocks and stream pebbles for the two areas are shown in Plate 
1. Prior to analysis, the samples were crushed and then pulverized to about minus-80 
mesh (177^Am) in a Braun pulverizer using alumina plates.

ANALYTICAL METHODS

The analytical limits of detection for spectrographic analysis of stream pebbles, 
rocks, and ores are given in table 1. Analytical limits for the determinations made from 
aqua-regia leaches of the rock samples using ICP (Inductively Coupled Plasma) methods 
are summarized in table 2 (analyses by j. M. Motooka). Additional methods, studies, and 
discussions are given in Church (1978, 1979, 1981a) and in Church and others (1982b). A 
complete discussion of spectral interference corrections is given in Church (1981b).

Analytical results for rocks, ores, and stream pebbles are determined by visual 
comparison of spectra derived from the unknown sample against spectra obtained from 
standards made from pure oxides or carbonates using a d.c.-arc (direct current) emission 
spectrographic method (Grimes and Marranzino, 1968). Standard concentrations are 
geometrically spaced over any given order of magnitude of concentration and are 
prepared in such a way that the range of concentrations normally found in naturally 
occurring samples are bracketed. When comparisons are made with sample films for 
semiquantitative use, reported values are rounded to 100, 50, 20, 10, and so forth. Those 
samples whose concentrations are estimated to fall between the above values are 
arbitrarily given values of 70, 30, 15, 7, and so forth. The precision of the method is 
approximately plus or minus one reporting unit at the 83-percent confidence level and 
plus or minus two reporting units at the 96-percent confidence level (Motooka and 
Grimes, 1976). Values determined for the major elements (magnesium, calcium, iron, and 
titanium) are given in weight percent; all others are given in parts per million 
(micro grams/gram).

Analytical results obtained using the ICP method are determined from calibrations 
using gravimetric standard solutions, and, if no significant spectral interference is 
present, are accurate to + 1-3 percent from concentration levels equal to 10 times the 
limit of detection and above. For further discussion of the calibration of the ICP, matrix 
effects encountered during calibration and analysis, and analytical error caused by 
spectral interferences, see Church (1981b).
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Analytical results for the rocks collected to determine the background values for 
metals in unmineralized rock formations are given in tables 3 and 6. All elements listed 
in tables 1 and 2 were determined during the study, but only those elements having 
detected values are given in the data tables. Statistical summaries and histograms 
derived from log transforms of the data are given in tables 4, 5, 7, and 8. Each of the 
samples is also identified by formation (Tabor and others, 1982). A brief description of 
the rock types present in each formation is given below. Analytical results for the 
altered rock samples, ores, and stream pebbles are given in tables 9-12 along with 
formation, rock type, and those ore minerals identifiable with the aid of a hand lens. 
Mineralogical data given in tables 9-10 are tabulated in the column labeled comments. 
The following abbreviations have been used in the descriptions: alt-altered, aspy- 
arsenopyrite, bor-bornite, chal-chalcocite, cpy-chalcopyrite, diss-disseminated, gal- 
galena, mo-molybdenite, ox-oxidized, py-pyrite, qtz-quartz, sph-sphalerite, tour- 
tourmaline, and vole-volcanic.

DISCUSSION

The descriptions of the rock units given below are adapted from Tabor and others 
(1982). Map symbols shown here are used to identify the formational unit of each sample 
in the data tables.

Tbk BRECCIA OF KYES PEAK (MIOCENE) - The unit is composed of mostly 
andesitic and dacitic breccia beds with abundant clasts of schist, gneiss, and 
granitoid rocks. Locally, the breccias consist predominantly of fine-grained 
mica schist or granodiorite clasts. Breccia beds range from a few 
centimeters to more than 50 m in thickness. Thin, volcanic to volcanic-lithic 
subquartzose sandstone beds occur locally near the base. Heath (1971, p. 124- 
125) described probable primary garnets in rhyodacite and dacite flows. 
Alteration minerals are chlorite, sericite, and epidote, but some rocks, 
especially those east of Glacier Creek, are thermally metamorphosed and 
enriched in magnetite, actinolite, and albite(?) as well.

Tib INTRUSIVE BRECCIA (MIOCENE) - The Conglomerate Point Breccia of Yeats 
(1958b) consists of rhyolitic to basaltic breccia with clasts of granitoid rocks 
near margins of the intrusion. Clasts of angular to subangular, greenish-gray, 
altered pyroxene andesite porphyry, altered basalt porphyry, and flow-banded 
rhyolite are set in a dacite tuff matrix containing angular quartz fragments 
and plagioclase. The matrix is considerably altered to chlorite, calcite, and 
epidote. Breccia on Silver Creek contains rounded clasts of heterogeneous 
volcanic rocks and rare clasts of sulfide ore in a fine-grained to aphanitic 
matrix. Locally, the breccia is monolithologic; it is composed of tonalite 
clasts and matrix, and grades into tonalite wallrock.

Tts TONALITE OF SILVER CREEK (MIOCENE) - This unit is a biotite-hornblende 
and hornblende-biotite tonalite with hypidiomorphic to porphyritic granular 
texture; there has been considerable alteration of mafic minerals to chlorite 
and epidote.

Teb EXPLOSION BRECCIA (MIOCENE) - Sericitized and silicified fragments of 
hornfels are enclosed in a matrix of calcite and sulfides (Ream, 1972, p. 10).

Te EAGLE TUFF OF YEATS (1977) (MIOCENE) - The unit is a brown to gray-brown 
rhyolitic to dacitic tuff, ash-flow tuff, and breccia. It is characterized by the 
presence of conspicuous quartz phenocrysts that are set in a clastic matrix of 
plagioclase and silicic volcanic rock; occasional glassy shards and abundant 
fragments of pre-Tertiary country rocks.



GROTTO BATHOLITH AND RELATED STOCKS (M IOCE NE):
Tg Biotite (clinopyroxene)-hornblende granodiorite grading to granite; Cl 10-20. 

The north end of the pluton and smaller stocks in the Monte Cristo area 
tend to be more mafic, mostly granodiorite and tonalite. Texturally, the 
unit is medium-grained, hypidiomorphic granular with subhedral to 
euhedral oscillatorily zoned plagioclase in a matrix of optically continuous 
quartz or anhedral quartz and perthite; some granophyric textures are also 
found. Most pyroxene is altered to uralitic pale-green hornblende. Many 
rocks are strongly altered to an assemblage of chlorite, epidote, and 
sphene, and occasionally have some cross-cutting fractures filled with 
these alteration minerals. Fine-grained mafic inclusions are common.

Tgs Granite of San Juan Creek - This unit is mostly biotite granite to granophyric 
porphyry with Cl about 5. Graphic intergrowths of potassium feldspar and 
quartz are common.

Tgg Gabbro, quartz gabbro, and pyroxene porphyry - This unit is a fine-grained to 
porphyritic pyroxene hornblende gabbro, quartz gabbro, and porphyry. It 
occurs as dark roof pendants on Townsend and Spire Mountains. The unit 
has normally zoned labradorite-oligoclase crystals with euhedral 
oscillations set in a sparse matrix of granophyric potassium feldspar and 
quartz or uralitic hornblende. Gabbroic rocks appear to grade rapidly into 
underlying granodiorite of the Grotto batholith.

Tm Metaporphyry of Troublesome Mountain - A dark, recrystallized
clinopyroxene plagioclase porphyry having abundant poikiloblastic
phenocrysts set in a crystalloblastic matrix of plagioclase, quartz, biotite,
hornblende, and opaque minerals. Pyroxene is partially or wholly replaced
by green hornblende and euhedral plagioclase has relict oscillatory zoning.

Ti INDEX BATHOLITH (OLIGOCENE) - A biotite-hornblende and hornblende-biotite
tonalite and granodiorite, locally ranging from quartz diorite and quartz
monzonite to rare granite; Cl 2-30. The texture is medium-grained
hypidiomorphic granular, with mostly anhedral, granofelsic quartz, interstitial
to subhedral, and euhedrally oscillatorily zoned labradorite-andesine to
oligoclase (see Yeats, 1958a, p. 202-203; Griffis, 1977, p. 85). Pyroxene is
rare, and, when present, it occurs as tiny rounded inclusions in plagioclase.

Tgc GOBLIN CREEK STOCK (OLIGOCENE) - This unit is generally a dark colored,
medium-grained pyroxene biotite hornblende granodiorite and granite; Cl 13-
35. The pyroxene is generally uralitized and quartz commonly forms an
optically continuous mesostasis between plagioclase crystals; the texture
occasionally is granophyric. The unit is heavily sheared and highly altered to
chlorite, epidote, calcite, and prehnite.

BARLOW PASS VOLCANICS OF VANCE (1957b) (EOCENE):
Tbb Basalt, rhyolite, and andesite flows, breccia, and tuff; minor bedded 

tuffaceous to arkosic sandstone and argillite - The unit is generally a 
dark-green to gray, massive, dense andesite and basalt, with some light- 
green to white rhyolite. Usually, it is highly altered to a dense mat of 
chlorite, epidote, calcite, and sericite; volcanic porphyritic and trachytoid 
textures are relict. Many rocks have been recrystallized by thermal 
metamorphism near Tertiary plutons, reaching pyroxene hornfels facies 
adjacent to unfaulted contacts with plutons.

Tba Hornblende andesite and dacite porphyry - This unit is a highly altered, 
heterogeneous hornblende andesite and dacite, mostly highly prophyritic, 
with unzoned subhedral plagioclase and subhedral to euhedral greenish- 
brown hornblende in a holocrystalline fine-grained matrix of plagioclase 
and alteration minerals, mostly chlorite. It also includes some hornblende 
andesite tuff and fine-grained diorite.



Ts SWAUK FORMATION (EOCENE) - Predominantly a light-colored, medium- 
grained feldspathic sandstone containing minor shale and pebble 
conglomerate. Thermal metamorphism by Tertiary plutons has locally 
hornfelsed the sandstone and obscured clast type; some sandstone looks like a 
granitic rock. The sandstone at the southern part of the mapped area 
averages 40-45 percent quartz, 40 percent feldspar, and 12 percent lithic 
clasts (8 percent sedimentary or metasedimentary clasts, 4 percent volcanic 
clasts). It contains little or no chert. The more strongly hornfelsed rocks 
along Silver and lower Trout Creeks, however, are relatively rich in chert, 
with similar contents of quartz, plagioclase, and chert.

TVS VOLCANIC ROCKS OF SKYKOMISH AREA (EOCENE) - This unit is a 
heterogeneous light-tan to dark-gray-green rhyolitic to andesitic breccia and 
feldspar porphyry. Rocks identified as andesite in the field generally contain 
at least trace amounts of quartz in thin section. The andesitic(?) breccia, 
crystal-rich, in part hornfelsed, contains mixed clast types including 
andesitic(?) and rhyolitic clasts, sandstone, metasedi mentary rocks, chert, 
siltstone, foliated poly crystalline quartz, quartz, potassium feldspar, and 
plagioclase. Some areas are a greenish crystal-rich rhyodacite breccia with 
platy cleavage. Amygdaliodal andesite(?) and andesite(?) porphyry having 
crude columnar jointing are also present. Plagioclase is commonly altered to 
calcite and chlorite; pyrite is locally present. 

MELANGE (P RE-TERTIA R Y):
pTbg GUNN PEAK AND BARCLAY CREEK FORMATIONS OF YEATS (1964)-This 

unit is a melange of chert, argillite, greenstone and graywacke; intensely 
folded white to cream or gray ribbon cherts and medium-to fine-grained 
banded quartzite (metachert) alternating with thin to thick, dark-brown to 
black layers of calcareous argillite, tectonically thinned and thickened 
into discontinuous stringers. Greenstone, metagraywacke, chert-rich grit, 
and metaconglomerate are mostly massive, and rarely bedded. Original 
sedimentary and volcanic textures are largely obscured by penetrative 
deformation, low-grade regional metamorphism, and static thermal 
metamorphism. Contact metamorphism by Tertiary plutons has 
recrystallized much of the rock to pyroxene hornfels, destroying original 
textures and structures as well as earlier formed greenschist minerals. 
Calcareous argillite is commonly yellow-green owing to lenticles of 
diopside, epidote, and actinolite. The unit also includes:

pTm Marble - Lenticular beds and pods of banded white to grayish medium- to 
fine-grained crystalline marble intercalated with metachert and 
greenstone. In part, it has shaly laminations or graphitic impurities 
marking bedding planes; jasperized replacement masses.

pTmg MIGMATITIC GNEISS - This unit is a fine-grained schistose amphibolite to 
medium- and coarse-grained massive quartz diorite including layered 
hornblende gneiss, gneissose quartz diorite, trondhjemite, and replacement 
breccia with minor serpentinized ultramafite. Amphibolite is 
crystalloblastic with xenoblastic, unzoned, untwinned andesine and brown 
to brownish-green xenoblastic hornblende and accessory sphene, apatite, 
magnetite, ilmenite, and zircon. These rocks grade through hornblende 
gneiss to gneissose quartz diorite; commonly mafic and less mafic rocks 
occur in irregular intimately mixed layers. All exposures are cut by 
anastomosing shear zones; the rocks were cataclastically deformed prior 
to a late static recrystallization.

pTum ULTRAMAFIC ROCKS - Also included in this unit are small pods and bodies 
of ultramafic rocks. Near Merchant Peak, pods of highly altered 
pyroxenite, peridotite, and serpentinized dunite are tectonically



intercalated with argillite and ribbon chert. Sheared pyroxenite contains 
prophyroclasts or pyroxene in a blastomylonitic matrix composed of 
tremolite, serpentine, pennine, caicite, iron oxide, and talc. Coarse­ 
grained silvery-black peridotite with olivine and uralitized diopside has 
undergone cataclasis and subsequent alteration to antigorite, iddingsite, 
and sulfide. A teardrop-shaped pod of dunite has a fresh tremolite- 
bearing dunite center but becomes dominated by serpentine near the 
margin. Schistose ultramafite on the northern slopes of Silvertip Peak 
consists of magnesium olivine, partially or completely altered to 
serpentine.

Kd DARRINGTON PHYLLITE OF MISCH (1966) (EARLY CRETACEOUS) - A black 
sericite-quartz phyllite containing abundant quartz segregation veinlets and 
lenses, abundant graphite and albitic plagioclase. Accessory minerals present 
include chlorite, iron oxide, apatite, tourmaline, and sphene. The unit has 
been thermally metamorphosed to biotite- phyllite, and locally to pyroxene 
hornfels close to Tertiary intrusive rocks.

Kt TONGA FORMATION OF YEATS (1958a) (LATE CRETACEOUS) - The unit is a 
phyllite, mica schist, and fine-grained, hornblende biotite gneiss. It is mostly 
a fine-grained graphite-garnet-staurolite-biotite schist, with some fine­ 
grained biotite-hornblende gneiss, and local m etaconglomerate and 
metaporphyry (two-mica fine-grained gneiss). Microgarbenschiefer texture is 
found in some metasandstone; cum mingtonite is locally intergrown with 
hornblende. The unit also includes:

Ktg Greenschist, actinolite schist, and rare blue amphibole schist - Strongly schistose 
greenschist, actinolite schist, and intercalated blue schist. Actinolitic 
hornblende locally replaces crossite and glaucophane. Glaucophane rims 
crossite. Pumpellyite, probably sodic pyroxene, and stilpnom elane are 
common constituents of some rocks.

Kc CHIWAUKUM SCHIST (LATE CRETACEOUS) - This unit is a mostly fine- to 
medium-grained, well-laminated, graphitic garnet-biotite-quartz schist with 
staurolite, kyanite, and sillimanite; sillimanite is especially well developed 
near gneissic tonalite of the Sloan Creek plutons. Texturally, it is a fine- to 
medium-grained, well-laminated schistose amphibolite, hornblende biotite 
schist, and locally, a fine-grained hornblende gneiss. The schist is commonly 
isoclinally folded on an outcrop of microscopic scale with quartz segregations 
and veins. This unit grades into banded gneiss unit described below.

Kbg BANDED GNEISS (LATE CRETACEOUS) -This unit generally is an interlayered 
heterogeneous light-colored tonalite to granodiorite gneiss, mica schist, and 
amphibolite similar to the Chiwaukum schist. Contacts between gneiss and 
schist are both sharp and gradational along and across strike. Cross-cutting 
sills, dikes, and irregular bodies of light-colored fine-grained to pegmatitic 
tonalite and gneiss are also present; it is locally migmatitic. Most of unit has 
10 percent or more light-colored gneiss.

Kum ULTRAMAFITE (LATE CRETACEOUS) - These bodies are serpentinized ortho- 
pyroxenite and serpentinite. The lens on the ridge north of the North Fork of 
the Skykomish River is a coarse enstatite rich unit with skeletal relicts of 
olivine; enstatite replaced by serpentine minerals, talc, and tremolite, 
especially in foliate zones. Small pods in the Sloan Creek plutons are mostly 
serpentinized pyroxenite(?) or talc-tremolite rocks.

Ksc SLOAN CREEK PLUTONS (LATE CRETACEOUS) - A biotite-hornblende tonalite 
gneiss, flaser gneiss, and local gneissic tonalite having a medium grained, 
homogenous, crystalloblastic gneissose to strongly flaseroid texture, locally 
strongly mylonitic. Plagioclase is normally zoned or unzoned and strongly 
stress twinned, but with relict patchy zoning, faint oscillatory zoning, and



synneusis twins. Retrogressive alteration is pronounced, but somewhat 
sporadic; epidote minerals and sericite commonly fill plagioclase cores; mafic 
minerals are altered to chlorite, sphene, and prehnite.

Kgt GNEISSIC TONALITE OF EXCELSIOR MOUNTAIN (LATE C RETACEOUS) - A 
light-colored biotite tonalite gneiss and flaser gneiss, locally massive, 
containing minor hornblende, muscovite, clinozoisite, and rarely, garnet and 
opaque ores. Subhedral to euhedral plagioclase with faint patches of relict 
euhedral oscillatory zoning and patchy zoning are set in a mylonitic matrix of 
quartz, biotite, hornblende, and clinozoisite.

Comparison of values by formation with the plots of the data by element (tables 5 
and 8) show the regional variation of several elements as a function of rock type. A 
comparison of the mean values for the unaltered rocks (table 4) and the geometric mean 
values of these samples (table 5) with the mean value for the stream sediments collected 
from the study areas (Church and others, 1982a) suggests that local background 
thresholds should be defined from rock data to evaluate anomalous values in the stream- 
sediment media.

Comparison of the means of the ICP analytical data (table 6) with those determined 
by d.c.-arc spectrography (table 3) clearly show the power of the aqua-regia leach 
digestion method. Note that values determined by ICP for many elements bound in the 
silicate lattice of minerals (Mg, Ca, Ti, Cr, Ni, Sr, Ba, La, and Y) are low in the ICP data 
set (table 6). This is because the silicate lattice sites are only partially leached whereas 
the d.c.-arc spectrographic technique does not discriminate against crystallographic 
lattice sites. Comparison of these yields with metals commonly bound in oxide or sulfide 
phases (V, Co, and Cu) shows higher recoveries in the ICP leach technique. Finally, 
compare ICP data and d.c.-arc emission spectrographic data for altered rocks (table 10 
and 11) for a more lucid evaluation of the selective nature of the aqua-regia leach ICP 
analytical technique. Metals from trace sulfide- and oxide-ore minerals are 
preferentially enhanced by the ICP technique when compared with the d.c.-arc emission 
spectrography; leaching techniques designed to selectively digest trace sulfide and oxide 
minerals from several grams of sample provide an effective technique for trace-metal 
anomaly enhacement.
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Table 1.  Limits of detection for analytical results obtained from rocks, ores,

Element

Mg
Ca
Fe
Ti
Sc

V
Cr
Mn
Co
Ni

Cu
Zn
Cd
Mo
W

Ag
Au
Sn
Pb
Bi

As
Sb
B

Be
Sr

Ba
La
Y
Zr
Nb
Th

and stream

Rock-sample 
weights (g)

0.010
do
do
do
do

do
do
do
do
do

do
do
do
do
do

do
do
do
do
do

do
do
do
do
do

do
do
do
do
do
do

pebbles using d.c

Ore-sample 
weight (g)

0.005
do
do
do
do

do
do
do
do
do

do
do
do
do
do

do
do
do
do
do

do
do
do
do
do

do
do
do
do
do
do

.-arc emission spectrography '

Detection limit Detection limit 

(rocks) (ores)

0.022
.05
.05
.002

5 3

10
10
10

5
5

5
 
20

5
50

 
 
 
10
 

_
 

10
1

100

20
20
10
10
20

100

0.052
.10
.10
.005

10 3

20
20
20
10
10

10
500

50
10

100

1
20
20
20
20

500
200

20
 

200

50
50
20
20
50

200

Direct-current (d.c.) arc spectrographic method (Grimes and Marranzino, 1968). 
Results for magnesium, calcium, iron, and titanium given in weight percent. 
Results for vanadium and all succeeding elements given in parts per million.



Table 2.  Limits of detection for analytical results obtained from rocks 
using Inductively Coupled Plasma (ICP) methods

Element

Mg
Ca
Fe
Ti
Al

V
Cr
Mn
Co
Ni
Cu
Zn

Mo
W
Cd
Ag
Au
Pb
As
Sb
Bi
Sn

B
Be
Sr
Ba
La
Ce
Y
Nb
P

Wavelength 
(nm)

279.0
422.7
259.9
334.9
396.1

311.0
283.5
257.9
345.3
231.6
324.7
202.5

287.1
239.7
226.5
328.0
242.8
220.3
193.7
217.5
306.7
189.9

249.8
313.0
407.7
455.4
398.8
418.6
371.0
309.4
213.6

LQD 1

0.200
.030
.025
.001
.052

.012

.010

.002

.100

.050

.007

.015

.031

.130

.010

.015

.050

.150

.175

.250

.400

.130

.007

.001

.0003

.008

.018

.072

.002

.013

.300

2 Lower limit of determination
(/Jg/g)

5.0
0.75
6.1
1.6
1.5

0.3
3.6
1.0
6.0
3.0

.4

.4

2.0
8.5

.75

.60
3.0

10.0
20.0
20.0
30.0

6.0

1.3
0.05
0.01
0.2
1.0
4.5
0.1
0.8

10.0

Lowest quantitative determinable concentration is defined as that concentration of the 
element that will give a net signal equal to approximately 10 times the standard 
deviation of the background. The values given are those determined for the voltage 
biases and calibration used in this study (Church, 1981b).
The lower limit of determination is the LQD times the dilution factor. For this study, 
one gram of sample was leached and the final solution diluted to 25 mL. Uncertainties 
due to interference corrections are also included for the level of uncertainty and 
concentrations found in an average sample. Empirical data have been used to evaluate 
the accuracy of the values given. Higher limits of determination are encountered when 
different dilution factors are used (Church, 1981b).
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