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Chemical Analyses of Selected
Tertiary and Quaternary Volcanic Rocks, Cascade Range, Washington

by
K. M. Ort, R. W. Tabor, and V. A. Frizzell, Jr.

The chemical analyses reported here are from selected samples of Tertiary
and Quaternary volcanic rocks from the Cascade Range, Washington, collected
between 1975 and 1979. We selected the freshest samples from our office
reference collection for chemical analysis with the exception of the samples
from Mount Adams which were collected especially for analysis. Analyses were
done in the U.S. Geological Survey analytical laboratories in Menlo Park,
California and Lakewood, Colorado. Rock type, sample location, and method of
analysis are given in Table 1. Table 2 lists chemical analyses and normative
mineral compositions. Brief descriptions of the sampled units are given
below.

Silver Pass Volcanic Member of the Swauk Formation

The early Eocene Silver Pass Volcanic Member of the Swauk Formation
(Tabor and others, 1982c) ranges in composition from basalt to rhyolite but is
mostly andesitic to dacitiec pyroclastic volcanic rocks and flows. The unit
overlies and is in part interbedded with sandstones of the Swauk Formation
(Gresens and others, 1977; Tabor and others, in press). Analysed samples were
all collected from the type area near Silver Pass, east of Lake Kachess.

Taneum Formation

The Taneum Formation, formerly called the Taneum andesite by Smith (1904,
p. 7) and renamed the Taneum Formation by Tabor and others (in press), is a
sequence of andesitic to dacitic lavas and pyroclastic rocks cropping out in
the headwaters of Taneum Creek. It appears to be early Eocene in age and
correlative with the Silver Pass Volcanic Member of the Swauk Formation (Tabor
and others, in press).

Teanaway Formation and Basalt of Frost Mountain

The middle Eocene Teanaway Formation (formerly called the Teanaway Basalt
by Smith, 1904, p.5-6) but renamed by Tabor and others (in press) consists of
basaltic to rhyolitic flows, tuff, and breccia with very minor feldspathic
sedimentary interbeds. The Teanaway crops out mainly in the drainage of the
Teanaway River. Its correlative, the basalt of Frost Mountain, (Tabor and
others, in press), crops out mainly in the upper reaches of the Manastash
River. Samples analysed were selected because they looked representative of
the typical volecanic rocks in the unit.

Naches Formation

The late Eocene to early Oligocene(?) Naches Formation consists of
interbedded feldspathic sandstone, siltstone and shale, rhyolite, basaltic to
andesitic flows, tuff, and breccia (Foster 1960, p. 115-117, 1967, p. 33-35;
Tabor and others, in press). The unit crops out in a belt stretching from the
Little Naches River to the Cascade Crest northeast of Snoqualmie Pass.



Probable correlatives are the Barlow Pass volcanics of Vance (1957b) and the
rhyolite near the town of Oso (this report).

Barlow Pass volcanies of Vance (1957b)

The Barlow Pass volcanics of Vance are predominantly basalt and rhyolite
with minor andesite. Flows are abundant but interbedded tuff, breccia and
tuffaceous to feldspathic sandstone and argillite are conspicuous. The rocks
are mostly highly altered, and many have been recrystallized by thermal
metamorphism reaching pyroxene hornfels facies adjacent to Tertiary plutons.
The Barlow Pass volecanics crop out north of Barlow Pass where they form steep
faces on Mount Dickerman, Twin Peaks, and Mount Forgotten, and in the Monte
Cristo area to the south. The Barlow Pass appears to be late Eocene to early
Oligocene based on correlation with the Naches Formation (Vance 1957a, p. 286-
287; Tabor and others, in press).

Rhyolite near Lake Cavanaugh

The late Eocene rhyolite near Lake Cavanaugh consists of rhyolitic flows
and ash-flow tuffs. The unit appears to be interbedded with feldspathic
sedimentary rocks probably correlative with the Eocene Chuckanut Formation
(Johnson, 1982) northwest of the sample locality (Dethier and others, 1980;
see also Lovseth, 1975).

Rhyolite near Oso

The rhyolite near 0Oso is part of a sequence of slightly altered mainly
dacitic volcanic rocks (Jones, 1959) which are interbedded with feldspathic
sedimentary rocks and are probably correlative with the Barlow Pass volcanics
of Vance (1957a) and the Naches Formation (Vance, written communication, 1978;
Tabor and others, in press).

Round Lake volcanic breccias of Vance (1958)

The Round Lake volcanic breccias of Vance (1958) consists almost
exclusively of andesitie tuff and breccia with minor basalt and crops out just
northeast of the junction of the north and south forks of the Sauk River in
the vicinity of Round Lake. Vance (1957a) interpreted the tuff to be a
volcanic pipe, possibly a feeder for the Miocene breccia above Monte Cristo
(see breccia of Kyes Peak in Tabor and others, 1982b).

Eagle Tuff of Yeats (1977)

The probable Miocene Eagle Tuff of Yeats (1977) consists of rhyolitic to
dacitic tuff, ashflow tuff, and breccia locally with fragments of pre-Tertiary
country rock near the base (Yeats, 1958, p. 174-175; Tabor and others,
1982b). The Eagle Tuff is mostly exposed west of the Beckler River near Eagle
Creek and on Eagle Rock,

Sauk ring dike
Analyses of volecanic dikes and irregular bodies in the upper Sauk

Formation are from selected samples of a dike complex near Monte Cristo
referred to as the Sauk ring dike by J. A. Vance (writ. comm., 1978). The



andesite and dacite porphyry dikes intruded the Barlow Pass volcanics of Vance
(1957b) in the middle to late Tertiary (Heath 1971, p. 150). Descriptions of
the dikes are in Heath (1971, p. 150) and Tabor and others (1982b).

Columbia River Basalt

The analyses of the Miocene Columbia River Basalt were made on selected
specimens of the Grande Ronde Basalt collected from the margin of the basalt
northwest of Ellensburg. The Grande Ronde is mostly nonporphyritic tholeiitie

basalt (Swanson and Wright, 1978, p. U42-43; Tabor and others, 1982c).

Volcanic rocks of Mount Adams

The Quaternary volcanic rocks of Mount Adams are undeformed and include
pyroxene andesite lavas from Mount Adams and olivine basalt flows from
numerous peripheral vents (Hopkins 1976, p. 10). Analyses are of selected
samples from the south, west and north slopes of the volecano.

Volcanic rocks of Simcoe Mountains

The late Pliocene and younger volcanic rocks of Simcoe Mountains comprise

flows of olivine basalt, rhyolite, porphyritic andesite, and flow banded
dacite (Sheppard, 1960). The Simcoe voleanics analysed here crop out north of

Goldendale near the headwaters of Mill Creek, Devils Canyon, and West Prong

Creek.



Table 1
Sample Information. [}—iapid rock analyses by method of Shapiro (1975)

Sample Collector Formation Rock Type Location Method of Analysts Quad.Map
Number Lat. Long. Analysis
RWT-487-77 R.W. Tabor Silver Pass Volcanic pyroxene basalt 47O 19vuBm 1210 117 u2w Rapid Rock K. Coats, N.Skinner, Easton (15')
Member of Swauk H. Smith, F.Brown
Formation (project leader)
RWT-488-77 n " pyroxene dacite 470 19v 48" 1210 11 42 " " Easton (15')
RWT-489-77 " " dacite ash flow tuff 47° 19* 48m  121° 11° s " " "
RWT-346-76 . Teanaway Formation pyroxene basalt 479 24 18" 1207 31 Sun " " Liberty (15')
& Basalt of Frost
Mtn.
RWT-490-T7 " " andesite 47° 17* 00" 121° 09' u2» " " Easton (15')
RWT-143-78 » " olivine pyroxene 479 13+ 18" 120° 41' ugn " " Thorp (15')
andesite
RWT-140-75 " n pyroxene dacite 47° 16* 18"  121° 10 24" " " Easton (15°)
RWT-497-75 " " " 47° 08' 48 120° su* 18" " " Cle Elum (15')
RWT-250-T7 " " olivine basalt 47° o057 oo" 1212 02 127 n " Easton (15')
RWT-435-76 " " pyroxene dacite 47° 03' 30" 120° 59' H2n " " Cle Elum (15*)
RWT-~306-77 " Taneum Formation " G7° 06' 30" 121° 00' 8" " " Easton (15')
RWT-431-76 " n dacite 47° 03+ 48" 120° 59° 127 " " Cle Elum (15')
RWT-477-76 n " rhyolite tuff 379 210 427 121° 19¢ 48n " n Snoqua;.mie Pass
(15"
RWT-427-76 " n rhyolite 47° 08' oom 121° 06 30" n " Easton (15')
RWT-492-76 L] Naches Formation diabasic augite basalt 7915 H2m 1210 17 42" " " Sroqualmie Pass
(15')
RWT-436-77 " " olivine-clinopyroxene 47° o7' 06" 121° 12' 367 " " Stray Gulch
basalt (7.5")
RWT-275-77 " " pyroxene basalt 47° 03+ 18" 121° our ua» " n Easton (15')
RWT-336~77 " " olivine-clinopyroxene 47° 10°* 427  121° 10' 48" n " Easton (15')
basalt
M-BUB-TT K. Marcus " two pyroxene basalt 479 03* 48" 121° 05°' 12" n " Easton (15')
BG-209-77 W. Gaum " pyroxene andesite 47° 06' 12" 121° 09 6" " L Easton (15')
RWT-A77-77 R. W. Tabor " dacite 47° 21+ 82 121° 19+ ug» " " Snoqualmie Pasa
(15)
RWT-339-77 n n clinopyroxene andesite 47° 100 42%  121° 10' 42n " " Easton (15')
RWT-482-77 " " L] 479 21+ y2m@ 1219 18* 3on n " Snoqualmie Pass
(15*)
RWT-368-77 " n rhyolite tuff 47° 170 187 121° 140 u2n " n Kachess Lake
(15')
M77-162 K. Marcus n rhyolite 47° 100 42m 1210 11 20 " n Easton (15')
MT7-166 n " n 47° 08' 36" 121° 11' 307 n n Easton (15')
JV-13 J.A. Vance Barlow Pass volcanics rhyolite B8 03" 127 1210 28° 54n n K. Coates, H. Smith, Bedal (7.5')
JV-55 L of Vance n 48° 08' 18" 1219 28' 18n " F. Brown (project
JV-1554 n n " 48° 03* 36"  121° 29* 2u» n ¥ leader) white Chuck
Mtn. (7.5')
JV-1517 n n tuff 48° p2' 36"  121° 27* 12n " b Bedal (7.5')
Jv-24 Rhyolite near Lake ash flow tuff 47° 19* 30" 122° 02' 06" n " Clear Lake
Cavanaugh (15*)
Jv-48 " Rhyolite near Oso " 48° 21+ 2un 1219 usr q42n L " 0so (15')
JV-49 " " " 480 21* 30" 121° 45+ g2n " " 0so (15')
JV-52 n " 48° 20 s4m 1210 y7* 36" n n 0so (15')
JV~951 " Round Lake volcanic tuff T8 0B 18" 121° 19' 6" " " Pugh Mtn (7.5")
Jv-952 n breccias of Vance " 48° 08+ 24m 1219 19 24n n " Pugh Mtn (7.5')
Jv-18 " Eagle Tuff ash flow tuff 47° 46 48  121° 19v 4g» n " Evergreen Mtn
(7.5%)
JV~1549 n "Sauk Ring Dike" andesite porphyry 48° 05' u2m  121° 26' ygn n " Bedal (7.5')
JV-1583 n " n 48% 02* 12m  121° 26' 36" " " Bedal (7.5')
RWT-333-75 R.W. Tabor Columbia River basalt 79 10" 127 120° 357 51 X-ray M. Villarreal, Thorp (15')
Basalt Fluorescence Larry Espos,
(XRF) J.H. Christie
(acting project
leader)
RWT-334-75 " " n 47° 10' 12" 120° 35° 517 " n Thorp (15')
RWT-337-75 " n " 47% 110 117 120° 350 06" " " Thorp (15')
RWT 378-75 " n " 47° 110 297 120° 41 45m n " Thorp (15')
RWT-383-75 " " n 47° 10' 12" 1209 43+ 3g9» " " Thorp (15')
RWT-382-75 n n n 47° 101 127 120° 43+ 39" " n Thorp (15')
RWT--380-75 " N " 47° 10 30" 120° 43* 39" n N Thorp (15')
RWT-491-75 " " " 47° 10* 43 120° 46* 30" " n Cle Elum (15')
RWT-490-75 " " " 47° 10 437 120° 46 30n n g Cle Elum (15')
RWT-496-75 " " " ¥7° 08' 17" 120° sS4 270 " " Cle Elum (15')
RWT-347-T5 n n n 47°% 08* 31" 120° 51°* usn n " Cle Elum (15')
RWT--381-75 " " " 47° 10 12" 120° u43' 39" " " Cle Elum (15')



Table 1 (cont.)

Sample Collector Formation Rock Type Location Method of Analysts Quad. Map
Number Lat. Long. Analysis
RBW-75.52A R.B. Waitt,Jdr. Columbia River basalt 47° 18+ y2m  120° 33 sSU° " M. Villareal, Larry Liberty (15%)
Basalt Espos, J. H.Christie
acting project leader
RBW-75.52C " " " 47° 18+ y2»  120° 33 SY” " n Liberty (15")
RBW~75.202-2 n " " 47° 10+ 43* 1200 470 24 " " Cle Elum (15')
RBW-75.203F " " n 47° 10t 30" 1200 47 2y» n " Cle Elum (15')
RBW-75.299 " n . 47° 110 oo 120° u1v sym L] n Thorp (15')
RBW-75.521 " " n 47° 01+ 277 120° Y1+ 33% " " Thorp (15')
RBW-75.525 " n n 42° g1+ 577 120° 42+ o9n n " Thorp (15')
RBW-75.570 " n n 47° o7+ 30" 120° 3Y4* u8n " " Thorp (15')
RBW-75.51-2 oy " " 47° 18+ 28" 120° 3ur 39" " " Liberty (15')
VF-79-755 V.A. Frizzell,Jr. Mt, Adams volcanic andesite flow 46V 10 4B 1217 29* 34" " L. Espos, B. Lai Mt. Adams East
rocks project leaders: (7.5")
J.M. Baldwin,
V.G. Mossotti
VF-79-756 n " n 46° 100 ygn  121° 290 3um n n Mt. Adams East
(7.5")
VF-79-757 " " n 46° 100 48" 121° 29¢ 3y~ " " Mt. Adams East
(7.5")
VF-79-758 " " " 46° 13+ 38 121° 337 U4sn " L] Mt. Adams West
(7.5")
VF-79-759 " n . 46° 14r 32m  121° 32+ 5pn n n Mt. Adams West
(7.5")
VF-79-760 " " n 46° 14v ygn  121° 27+ 36" n n Mt Adams East
(7.5")
VF-79-761 " n n 46° 14+ 50" 121° 27t Usn n L Mt Adams East
(7.5")
RWI-651-19 R.W. Tabor " w G6U 09' 39" 1210 28 45" w " Mt. Adams East
(7.5*)
RWT-652-79 L] n n 46° 08+ 25" 121° 28t Uyn n " Mt. Adams East
(7.5")
RWT-653-79 n " " 46° 14r ysm 1219 27+ sOm n " Mt. Adams East
(7.5%)
RWT-654-79 n " n 46° 03* 25" 121° 29* 56" n L] King Mtn
(7.5")
RWT-655-79 " " n 46° 03+ 28" 121° 29' 56" " L King Mtn
(7.5")
RWT-656-79 " " " 46° 03+ 25" 121° 29' 56" n L] King Mtn
: (7.5')
RWT-657-79 " " " . u6° 310 257 1210 29+ 56" n v Glaciate Butte
(7.5")
RWT-658-79 " " L] 46° 08' 27" 121° 29* 50" " n Mt Adams East
(7.5")
D-150A K.F. Fox, Jr. Simcoe volcanic olivine basalt 4qU 597 120V 51 XRF J. Taggart, J. Baker, Goldendale
rocks J. Riviello, B. Lai (15")
. project leaders:
J.S. Wahlberg and
J.M. Baldwin
D-150B n n n 46° 00* 120° 51¢ " " N
D-151A " " " 45° s59° 120° Ug+ n n "
D-151B n " basalt 48° s5gn 1202 yg» " " "
D-151C n . " 48° 59+ 120° 49+ n n "
D-152 " " rhyolite 459 58¢ 120° 50° » " n
D-153 " " basalt 459 56m 120° 50° " " "
D-154 " " hornblende dacite 459 58+ 120° 50+ n " n
D-155A n n rhyolite 45° 581 120° s50° " " "
D-156 " " " 459 58¢ 120° 510 " n "
D-157 n n " 450 5B 120° 48° n n n
D-158 = " andesite 459 s8¢ 120° 48+ " n "



of CIPW norm as presented by Cross and others (1902);

Table 2
Chemical analyses of Tertiary and Quaternary volcanic rocks from the Cascade Range,
Washington. | Normative mineral calculations are based on normalized values of

chemical analyses with water removed; Normative mineral symbols are standard symbols
tr = tracej.

Formation Silver Pass Teanaway Formation Basalt of Taneum
Volcanic Member Frost Mountain Formation

Sample-- RWT  RWT  RWT RWT RWT RWT RWT RWT RWT RWT RWT  RWT RWT RWT
Number 487-  488-  u48g- 346~ 490- 143~ 140~ 497- 250~ 435- 306- 431-  477-  427-

17 7 7 76 T 78 75 ] 77 76 7 76 76 76
§i0, ---- 86.6  61.4  71.9 | 50.1 53.8  5U4.5 56.7  59.7 48.6 62.2 | 60.1 60.7 T71.3 T2.1
Aly0g--—~ 14.9 15.6 4.1 4.6 13.0 13.8 13.9 12.8 4.5 13.3 7.3 17.2  W.2  12.2
Fey03---- 2.3 2.3 1.5 | 5.4 2.0 4.7 3.3 4.7 2.3 2.3 3.7 3.7 1.8 3.7
Fe0 --— 4.8 2.8 1.4 7.2 11.9 8.1 7.3 6.9 9.5 6.7 .52 1.5 .06 1.2
Mg0 --—- 3.2 2.1 .72 | 5.3 2.5 3.1 2.8 1.5 8.0 .56 | 2.7 1.7 .08 s
Ca0 -——- 15.4 7.0 1.1 8.2 7.4 7.0 6.8 4.8 10.9 4.3 5.2 4.3 1.1 17
Nay0 —-- 2.1 3.3 4.3 2,2 3.0 2.9 2.9 3.3 2.4 3.7 4.2 4.9 3.1 2.7
K0 =--— .00 1.4 3.4 .21 .77 1.1 1.1 1.8 .27 1.8 2.1 2.0 4.2 4.7
Ti0, ---- 1.0 .95 .o 1.2 2.1 2.0 1.4 1.5 1.6 .74 .54 1.2 .25 R}
Py0g --—- .18 .19 .10 .19 .72 RT3 .21 .37 .35 .27 .18 .30 .08 .06
M0 —--- .13 .12 .06 .15 .22 .7 .16 .18 .21 .18 .08 .08 .04 .08
Hy0+ --—- 2.1 1.7 1.6 3.2 1.3 1.1 1.4 .95 .99 2.4 241 1.9 1.7 1.5
Hy0- —— .73 .67 .68 | 1.7 0.59 .M .56 .82 .55 .66 | 1.7 .66 1.1 .67
o, ____ 8.0 2.2 .03 | 0.82 .01 .03 .87 .01 .01 .01 .03 .01 .01 .01
TOTAL 101.00 101.00 101.00 [100.00 99.00 100.00 99.00 99.00 | 100.00 99,00 |100.00 100.00 99.00 100.00
Normative Minerals (CIPW)
Q ---—- 16.99 24k.56 30.76 | 12.19 10.99  14.02 17.47  21.06 1.62 22,18 14.02 14.07 36.34 36.88
C - 2.80 1.49 1.67 | - -— — — — - — -— -_— 2.88 1.46
Or  ———e e 8.33 20.29 1.30 4.67 6.64 6.67 10.90 - 11.07 | 12.84 12.11 25.80 28.23
ab ---- 18.01 28.09 36.73 | 19.47 26.05 25.06 25.17 28.61 | 20.58 32.58 | 36.76 42.47 27.25 23.21
an ---- 24,03 19.69  4.66 [ 30.69 20.24 21.85  22.22 15.16 | 28.37 14.95 | 22.90 19.49 5.06 3.42
mt ---- 3.38 3.3 2,20 [ 8.19 2.98 6.96 4.91 6.98 3.38 3.47 .39 1.66  -- 2.99
R 1.82 .17 2.38 4,09 3.88 2.73 2.92 3.08 1.46 1.06 2.33 .22 .79
ap --—-  LTT LS .24 | L4 75 11 51 .90 | .84 .67 | LW .73 .20 .1k
cc ---- 18,46 5,04 .07 1.95 .02 .07 2.03 .02 .02 .02 .07 .02 .02 .02
L - - 4,17  10.72 8.58 445 5.65 { 19.64 4,67 1.84 22 - -
hy ---- 13,93  7.18  2.60 | 19.19 18.52 11.82 13.84 7.80 { 18.11 8.93 | 6.11 .24 .21 1.4
o —mem - - - - - - - - 2.52 - - - - -
fa ——e= - - - - - - - - 1.85 - - - - -
L R - - - -- - - - - - 3.56 2.65 1.87 --
rd  —e-- - -— - - - —-— -— - - - - - .14 -
TOTAL 100.00  99.99  99.99 1100.00 100.03 100.01 100.00 100.00 | 99.98 99.99 99.99 99.99

100.00 100.00

6



Table 2 (cont.)

99.99
n

Formation -- Naches Formation
Sample RWT RWT RWT RWT M- BG- RWT RWT RWT RWT. M- M-
Number hg2- 436~ 275- 336- 84B- 209-  477- 339~ 4B2- 368- 77~ T7-
76 T7 7 77 77 77 77 77 7 77 162 166
Si0y---— 15.5 50.0 51.0 51.4 51.8 54.2 56.3 56.7 57.1 T2.0 75.2 78.9
A1,03--—- 16.5  16.3  15.3 16.0 15.5 13.5 16.0 16.6 16.8 13.2 13.0 1.9
Fe203—--- 5.2 3.7 3.7 2.5 2.7 2.5 1.3 2.6 3.9 1.2 1.3 .20
Fe0 ---- 6.0 5.0 6.8 T.2 6.8 9.2 5.7 4.0 4.3 2.0 .56 .16
Mgl ---- 5.0 6.4 6.0 7.6 6.1 2.8 1.1 3.8 y,2 .52 .37 .01
ca0 ---- 8.9 8.2 10.3 9.7 10.7 7.3 6.5 7.5 k.9 2.0 .54 .15
Nazo —— 3.1 2.9 2.2 2.8 2.2 3.0 2.8 3.2 4.8 3.1 3.5 3.1
CKy0 —-—- .68 1.1 .33 .30 .28 .73 .63 1.4 .16 3.1 4.2 4.2
Ti0, ---- 3.2 2.3 1.0 1.6 1.1 2.2 .85 .96 1.3 -39 .33 .18
P05 ---- .65 .50 .16 .28 A7 .39 .32 .22 .26 .09 .05 .07
Mn0 --—- .2k .16 .24 .14 .21 .19 .13 .12 .16 .02 .00 .01
HyO0+ —=—- 3.1 2.1 1.5 .98 1.2 1.2 3.0 1.2 2.4 1.8 .98 .85
Hy0- —--- 2.0 1.8 .97 .96 .80 .65 1.7 .72 .76 .52 .50 L1
€O, =---- .02 .06 .63 .02 .14 2.1 3.6 .03 .55 1.1 .02 .01
TOTAL 100.00 101.00 100.00 101.00 100.00 100.00 100,00 99.00 101.00 101.00 100.00 100.00
Normative Minerals (CIPW)
Q ---- 1.76 4,43 7.81 2.15 7.12 16.01 30.47 12.19 12.96 %9.87 37.60 43.40
C —mem - _— - - - .31 8.m .75  3.92  1.90 2.16
or ——e- 4,23 6.75 2.00 1.78 1.69 k.yo 3.91 8.52 .96 18,56 25.05 24,74
ab —-e- 27.60 25,47 19.05 23.79 19.05 25.86 24.87 27.87 H41.25 26.56 29.88 26.13
an ——-- 30.62 28.42 31.62 30.33 32.32 20.77 7.75 27.5f 19.43  2.11 2.25 .22
0t ———- 7.94 5.57 5.49 3.64 4,01 3.69 1.98 3.88 5.74 1.76 .86 .29
il ---- 6.40 - 1.94 3.05 2.14 4,26 1.69 1.87 2.51 .75 .63 .34
ap ---- 1.62 1.23 .39 .67 .1 .94 .80 .5l .63 .22 .12 AT
cC -—-= .05 .14 1.47 .05 .33 4,87 8.60 .07 1.27 2.53 .05 .02
di ---- 8.88 7.92 12.61 12.95 16.22 - - 7.28 -- - - -
hy ---- 10.92 15.55 17.61 21.59 16.71 18.89 11.53 10.20 13.51 3.42 .93 2.51
fOo —-ua - - - - - - - - - — - -
fa -—-- - - - - - - - - - - - -
1 — - - - - - - - - - - .12 -
ru —-—= — _— - - - _— - _— - — - -
TOTAL 100.01 100.01 99.99 100.00 100.01 100.01 99.99 99.99 99.99 99.99 99.99



Table 2 (cont.)

Rhyolite near

Round Lake volcanic

Eagle Tuff

Formation Barlow Pass volcanics of Vance (1957b)| Lake Cavanaugh| Rhyolite near Oso [breccias of Vance (1958)| of Yeats (1977)

Sample

Number — Jv-43  JV-55  Jv-1554  Jv-1517 Jv-24 Jv-48 Jv-49 Jv-52| JV-951 JV-952 Jv-18
$10, ---- 75.4 78.0 76.2 54.8 81.4 78.1  79.0 178.1 63.3 68.0 T4.6
A0y--- 125 13.2 13.7 15.6 9.5 12.6 1.8 10.8 15.6 1.6 13.2
Fey03—--  0.88 0.79 0.38 2.7 0.82 0.58 1.6  0.45 3.3 3.4 1.6
Fe0 ---- 1.8 0.20 1.0 5.4 0.44 1.0 0.36 1.7 3.0 2.1 0.84
Mg0 —-- 0.26 0.09 0.19 4.2 0.26 0.16 0.04 0.18 1.8 0.87 0.57
cad «--—- 0.00 0.00 0.08 6.8 0.21 0.01 0.00 1.4 6.0 1.8 1.4
Nay0 —-- 4.4 1.5 4.5 3.6 1.9 2.8 5.5 0.56 3.8 6.3 3.7
K0 --— 3.2 5.5 3.8 0.91 3.2 2.8 0.39 3.2 0.96 1.2 2.4
Ti0, ----  0.26 0.39 0.22 1.7 0.23 0.26 0.23 0.28 0.91 0.80 0.31
P,0g --— 0.06 0.07 0.04 0.38 0.06 0.05 0.05 0.03 0.19 0.20 0.08
Mn0 ----  0.04 0.01 0.00 0.12 0.01 0.00 0.01 0.01 0.07 0.10 0.06
Hy04 «=em 1.1 1.2 0.68 3.1 1.3 1.5 0.86 1.4 1.9 1.0 1.2
Hy0- --=-  0.23 0.40 0.30 0.51 0.65 0.73 0.87 0.76 0.46 0.1 0.61
C0, --— 0.0 0.01 0.01 1.3 0.01 0.01 0.01 1.2 0.01 0.01 0.01
TOTAL 100.1 101.4 101.1 101.1 100 100.6 100.7 100.1 101.3 100.8 100.6

Normative Minerals (CIPW)
Q ---- 36.63 48,25 34.50 12.14 58.6 51.30 45.96 62.8 23.40 22.34 40.80
C -  1.B2 4.79 2.06 0.26 2.75 5.05 2.35 6.55 - 0.17 2.21
or —--- 19.15  32.60 22,u4 5.52 19.3 16.83  2.33 19.3 5.73 7.4 14.36
ab --—  37.68 12.73 38.03 31.23 16.4 24.08 47.02 4.84 32.49 53.62 31.68
an —-- - 0.79 0.33 23.61 0.60 - - - 22.90 7.60 6.44
ot ee——- 1.29 - 0.55 4.01 0.80 0.86 0.53 0.67 4.83 4.81 2.03
il === 0.50 0.45 0.42 3.31 0.45 0.50 0.44 0.54 1.75 1.53 0.60
ap ---- - - - 0.92 0.15 -- - 0.07 0.46 0.48 0.19
ce  —mmm - - 0.02 3.03 0.02 0.02 -~ 2.8 0.02 0.02 .02
] R— - - - - - - - - 4.68 - -
hy =e-- 2.89 0.20 1.63 15.97 0.66 1.35 0.08 2.51 3.72 2.18 1.4y
hm e - - - - 0.28 - 1.25 - - 0.10 0.22
o3 JE - 0.16 -— - - - - - —_— - -
mg --—  0.02 0.02 - - -— tr  0.02 0.26 - - -
TOTAL 100.02  100.01 99.91 100.01 100.01 99.98 100 100.02]  99.98 99.99 99.96




Table 2 (cont.)

Formation Sauk Ring Dike Columbia River Basalt

Sample RWT RWT RWT RWT  RWT RWT RWT RWT RWT RWT RWT RWT RBW-

Number — JV-1549  Jv-1583]| 333-75 334-75 337-75 378-75 383-75 382-75 380-75 U491-75 U490-75 496-75 347-75 381-75 75.52A
510, —-- 63.3 64.7 53.02 53.91 54.05 52.77 53.19 52.66 53;58 54.23 54.75 52.68 54,50 54.73 54,42
A1203---— 16.8 15.9 14.23 13,98 14,17 14,42 4,62 14,27 1”.05 14,21 14,34 14,30  14.24 14,03 14,68
Fe203--- 0.94 1.8 13.36 12.89 12.66 12.32 11.92  12.76 13.08 12.20 12.10  12.79 12.45 12.62 11.37
Fe0 --— 3.6 2.6 - - - - -- - - - - - - - -
Mg0 -=-- 3.0 2.5 4.73 4.00 4.o4 5.17 4.98 4.76 3.56 3.82 3.75 5.01 4,22 3.36 4.48
Ca0 ---- 5.3 4.2 8.45 7.57 7.63 8.97 9.22 8.61 T.43 7.74 7.71% 8.92 7.79 6.91 8.72
Nas0 —-- 3.7 4.6 3.1 3.17 3.28 3.00 2.92 2.96 3.17 3.10 3.17 3.03 3.13 3.14 3.14
K50 --=- 1.3 1.4 1.1 1.53 1.53 1.09 1.12 1.18 1.62 1.64 1.65 1.06 1.54 1.7 1.27
Ti0, --—-- 0.64 0.67 1.85 1.85 1.81 1.70 1.71 1.83 2.12 1.80 1.85 1.69 1.78 1.89 1.85
Py0g ---=  0.13 0.13 | 0.27 0.3t 0.31 0.25 0.25 0.26 0.3 0.32 0.32 0.26 0.28  0.3% 0.28
Mn0 ----  0.07 0.07 0.20 0.18 0.18 0.19 0.20 0.19 0.18 0.18 0.19 0.19 0.18 0.18 0.18
Hy0+ --== 1.8 1.8 - - - - - - -— - - - - - -
HyO- -=--  0.54 0.63 - - - - - - - - - - - - -
€0, --— 0.0 0.01° - - - - - - - - - - - - -
TOTAL 101.1 101 100.33  99.4 99.7 99.9 100.1 99.5 99.2 99.2 99.8 99.9 100.1 98.9 100.4

Normative Minerals (CIPW)
Q —-- 19.37 19.77 10.26 11.86 11.20 9.30 9.89 10.24 12.14 12.16 12.29 9.53 1M.77 wW.01 10.83
C —am tr _— - - - - - - - - - - - - -
or —-- 7.78 8.39 6.54 9.10 9.07 6.45 6.61 7.01 9.65 9.77 9.77 6.27 9.09 10.22 7.48
ab —-— 31.60 39.47 | 26.22 26.98 27.84 25.41 24,67 25.17 27.04 26.42 26.86 25,64 26,45 26.85 26.45
an e—-- 25.68 18.86 | 21.51 19.51 19.U§ 22,67 23.44 22.27 19.47 20.16 20.05 23129 20.22 19.3%4 22.1
mt --— 1.38 2.65 - - - - - - - - - - - - -
11 —--- 1.23 1.29 | 0.42 0.39 0.38 0.40 0.42 o.M 0.39  0.39 0.40  o0.42 0.38 0.38  0.39
ap —-— 0.3 0.31 0.64 0.74 0.74 0.59 0.59 0.62 0.91 0.76 0.76 0.62 .66 0.81 0.66
cC —=mm 0.02 0.02 - - - - - - - - - - - - -
4l —-e- —_ 1.08 10.01 8.14 8.43 11.70 12.00 10.3 6.58 8.42 8.12 1.79 8.59 5.53 10.46
hy ===- 12.54 B.15 T7.12 6.25 6.19 T.47 6.83 T.12 5.89 5.68 5.59 7.02 6.52 5.90 6.27
hm —eem - - 13.32  13.00 12.70 12,33 11.91 12.83 13.19 12.29 12.12 12.80 12.44 12,76 11.33
tn ——ee -- -- 3.98 4.07 3.96 3.66 3.65 3.98 4.74 3.94 4.03 3.61 3.88 4.20 4.02
TOTAL 100.00 100.10 1100.00 100.08 99.97 99.97 99.99 99.94 100.00 100.00 99.99 100.00 100.00 100.00 100.00




Table 2 (cont.)

Formation Columbia River Basalt Volcanic rocks of Mount Adams

Sample RBW- RBW- RBW~ RBW- RBW- RBW- RBW- RBW- VF VF VF VF VF VF VF -

Number — 75.52C 75.202-2 T75.203F 75.299 75.521 75-525 75-570 75.51-2| 79-755 79-756 79-757 79-758 79-759 79-760 79-761
S$i05 =--- 54.68 53.49 53.79 52.82 53,23 53.42 53.48 53.94 | 60.77 57.27. 57.59 59.03 57.45 50.03 59.82
A1203---- 14,48 14,33 14.01 14.59 14,22 14,21 14.38 1,14 16,47 17.60 17.07 16.43 17.35 15.98 16.20
Fe203---- 11.56 12.81 12.87 11.75  12.56 12.46 12.18  13.02 1.41 1.78 2.59 1.44 2.68 1.83 1.58
Fe0 ~-— - - - - - -- - - 4.65 5.04 4.2y 5.22 4y.25 7.14 4.95
Mg0 ---- 3.36 4,06 4.9 ) 4,96 4.73 4.86 4.77 3.94 2.67 3.54 3.46 2.98 3.42 6.92 3.06
Ca0 ~-— 7.68 7.69 7.59 9.14 8.27 8.19 8.43 7.55 5.19 6.57 6.56 5.61 6.53 9.26 5.62
Na0 —--- 3.08 3.16 3. 2.82 3.07 3.08 3.06 3.16 4.36 4,22 4.09 4.32 4,23 3.80 4.33
K0 —--- 1.66 1.42 1.57 0.94 1.31 1.32 1.34 1.49 2.43 1.35 1.67 2.35 1.36 1.20 2.30
Ti0, —-- 1.89 1.86 1.83 1.72 1.74 1.73 1.71 1.89 1.08 1.08 1.06 1.19 1.09 1.65 1.15
P205 ~—— 0.3 0.31 0.29 0.26 0.34 0.34 0.33 0.32 0.26 0.24 0.24 0.29 0.24 0.37 0.29
Mn0 -—-- 0.17 0.19 0.18 0.18 0.19 0.19 0.19 0.18 0.09 0.11 0.10 0.09 0.10 0.14 0.10
Hy04 ~omm - _— - - - - - - 0.12 0.26 0.47 0.09 0.23 0.39 0.15
HyO- ---- - - - - - - - -- 0.12 0.1  0.23 0.19 0.19 0.22 0.23
05 ~-— - - - -- - - - -= 0.0 0.05 0.0y 0.05 0.09 0.4 0.23
Zr0, —-- - — - - - - - - 0.04 0.03 0.03 0.04 0.03 0.03 0.42
Cry03~--- - — -— - - - - - tr 0.01 0.01 tr 0.01 0.04 tr
NiQ a-ee — - - -— - - - - tr tr tr tr tr 0.02 tr
Ba0 ~--- — - - - - - - - 0.05 0.03 0.03 0.05 0.03 0.02 0,05
Sr0  aem- - - - - - — -- - 0.04 0.07 0.07 0.05 0.07 0.06 0.05

TOTAL 98.9 99.32 99.4 99.2 99.7 99.8 99.9 99.6 99.8 99.4 99.8 99.4

Normative Minerals (CIPW)

Q -~ 13.27 11.42 11.55 10.82 16.39 10.39  10.24  12.07 10.46  7.45 8.6!7 7.96  9.01 -- 9.03
pA— - - - - -- -- - - 0.06 0.04 0.47 0.07 0.05 0.04 0.62
or ——-- 9.92 8.45 9.33 5.60 7.77 7.82 7.93 8.84 14.43 8.07 9.96 14,01 8.13 7.18  13.58
ab --~- 26,35 26.91 26.45 24,05 26.05 26.10 25.92 26.83 37.05 36.08 34.92 36.87 36.19 32.52 36.60
an —~- 21,01 20.85 19.73  24.57 21.21  21.08 21.56 20.06 18.27 25.35 23.49 18.66 24,60 23.26 17.95
ot --— - - - - -- - - -~ 2.05  2.61 3.79 2.1 3.93 2.68  2.29
S — - — -— - - -- - - tr tr 0.01 0.01 0.01 0.060  tr
i1 --—~  0.37  0.398 0.40 0.38 0.0 0.40 0. 0.39 2.06 2,07 2.03 2.28 2.09 3.17 2.18
ap --~-  0.74  0.740 0.69 0.62  0.81 0.81 0.78  0.76 0.62 0.58 0.57 0.69 0.58 0.89  0.59
[T J—— - — - - - - - - 0.1 0.12 0.09 0.12 0.21 0.94 0.52
di —--  7.39  7.56 8.20 10.96  9.64  9.41  10.06  7.42 4.66  4.69 6.12  5.99 4,89 14,74 5.67
hy --—-  5.04  6.68 6.70 7.3 7.35 7.17  7.23 6.41 10.18  12.90  9.87 11,21 10.29 1.22 10.9
| o J—p— - - - - - - - - - - - - - 8.39 -
| - — — — - - - - - - - - - - - 4,90 -
hm —~-  11.69  12.90 12.94 11.85  12.60 12.49 12.20 13,07 - - - - -— - -

tn —-w- y.21 4.08 .01 3.76 3.75 3.73 3.68 4,15 - - - - - - -

TOTAL 100.00  99.99 100. 00 99.99  99.98 100.00 100.01 100.00 99.96  99.96 99.96 99.97 99.96 99.99 99.95
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Table 2 (cont.)

Formation Voleanio rocks of Mount Adams Voleanic rocks of the Simcoe Mountains

Sample RWT RWT RWT RWT RWT RWT RWT RWT

Number — 651-79 652-79 653-79 654-79 655-79 656-79 657-79 658-794 D-150A4 D-150B D-151A D-151B D-151C D-152 D-153
510, ---- 56.58 58.45 59,43 58.71 58.71  58.1 58.21 58.68 | u7.5 u8.5 46.0 49.9 46.1 73.8 ) '51.8
A1203--—- 16,74 16,88 16.52 16.95 16.51 16.65 16.89 16.72 16.1 16.3 14,2 16.0 14.8 13.2 15.9
Fe203--- 3.3 1.54 1.49 2.55 2.99 2.95 2.10 1.97 4.30 2.91 1.61 3.10 3.24 1.58 2.9
Fe0 --— 4,08 5.20 5.05 L 4,04 3.99 4,61 4,86 .7‘27 9.33 10.67 7.45 8.31 0.20 7.99
Mg0 -——-- U, 04 3.10 2.93 3.52 3.45 3.46 3.31 3.1 5.91 5.31 9.01 6.16 8.64 tr 5.09
ca0 --— 7.01 5.91  5.55 6.07 5.92 5.89  6.03  5.93 | 9.57 7.43  9.36 8.8 9.2 0.25  7.86
Naj0 —-- 3.8 4.30 422 4.1y 517 4,18 4.39 4,48 3.20 3.70 2.78 2.84 2.68 4.34 3.38
K0 —-—  1.31 2.20 2.32 2.16 2.22 2.22 2.18 2.2% 1.36 1.86 1.31 1.10 1.28 4,80 1.47
Ti0, ---- 1.15 1.21 1.16 1.16 1.21 1.17 1.15 1.18 2.86 2.45 2.87 2.23 2.66 0.08 2.08
P205 -— 0.27 0.29 0.28 0.27 0.28 0.25 0.26 0.26 0.64 0.88 0.59 0.47 0.76 0.05 0.36
Mn0 —-- 0.1 0.10 0.10 0.10 0.10 0.10 0.10 0.1 0.17 0.18 0.19 0.16 0.18 tr 0.15
Hy04+ —omm 0.56 0.06 0.17 0.09 0.86 tr 0.03 0.01 2.31 0.43 0.16 0.53 0.61 0.27 0.21
Hy0- —-- 0.24 0.15 0.16 0.19 0.19 0.25 0.21 0.13 0.43 0.35 0.33 0.47 0.97 0.19 0.43
COp --— 0.10 0.07 0.1 0.09 0.07 0.06 0.06 0.08 0.10 0.20 0.22 0.4y 0.05 0.07 0.05
ir0y —-- 0.03 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.03 0.03 0.02 0.03 0.04 0.03 0.02
Cr203--- 0.01 tr tr 0.01 tr 0.01 tr tr 0.02 0.01 0.03 0.02 0.03 tr 0.01
Ni0 —- 0.01 tr tr 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 tr 0.01
Ba0 --— 0.04 0.05 0.05 0.04 0.0 0.04 0.04 0.04 0.04 0.06 0.04 0.04 0.05 0.01 0.04
Sr0 —-- 0.06 0.05 0.04 0.04 0.04 0.04 0.05 0.04 0.07 0.07 0.06 0.06 0.10 tr 0.05
Cl  ———- - —_ — - - - - _ 0.01 0.02 0.03 0.02 tr 0.08 0.01
F — == - -— - - - - -— 0.06 0.06 0.05 0.05 0.06 0.02 0.05

Total § =-m—  — - - - - - - _— 0.01 0.02  0.01  0.03  0.01 tr 0.01
TOTAL 99.5 99.6 99.6 100.5 100.9 99.7 99.7 100.2 102 100.1 99.6 100 99.8 99.1 99.9

Normative Minerals (CIPW)
Q —-- 9.56 7.25 9.22 8.61 9.24 8.80 6.79 6.41 - - - 4 2.38 - 30.70 2.03
C - -— -— _— - .- - - - - - - - - .86 -
7 ———— .04 .06 .06 .06 .07 .06 .06 .06 045 .05 .03 .05 .06 .05 .030
or —-—- 7.85 13.09 13.81 12.75 13.15 13.20 12.96 13.29 8.1 11.07 7.82 6.57 7.1 28.76 8.76
ab ——a- 33.01 36.61 35.96 34.97 35.35 35.56 37.36 37.88 | 27.26 31.36  21.94 24,10 23.07 36.58 28,43
an ---- 2u.85 20.38  19.41 21.25  19.81 20.22 20.05 1B.B5 | 25.78 22.62 2.1 28.04  25.04 .38 24,28
hl —-- - — - - - - -- - tr tr tr tr tr tr tr
mt --— 4.86 2.25 2.18 3.69 4,34 4.30 3.06 2.86 6.29 4,25 2.36 4,54 4,79 .49 4,24
cm ——-- .01 tr tr .01 .01 .01 .01 .01 .03 .02 .05 .03 .05 .01 .02
il eee- 2.21 2.3 2,22 2.20 2.30 2.23 2.20 2.24 5.u8 4.69 5.50 y.28 5.15 .15 3.98
ap —-=- .65 .69 .67 .64 .67 .60 .62 .62 1.53 2.10 1.1 1.13 1.83 .12 .86
[ — - — _— - — - - — .01 - -— .02 - .03 .0u
pr —-- -- - - - - - -- - .01 .03 .02 .06 .02 tr .03
[y — .23 .16 .25 .20 .16 .14 it .18 .23 RT3 .51 1.01 .12 .16 .12
di —=- 6.42 5.64 4.82 5.30 5.96 5.79 6.53 6.87 | 13.88 6.20 15.43 8.56 13.08 - 10.06
hy --~- 10.25 11.53 ) 11.35 10.28 8.92 9.06 10.18 10.69 5.27 5.17 - 19.13 5.26 .25 17.05
£6 —mmm . . — - _— -— - - 4.28 6.19 12.63 -- 9.57 - -
fa —-m - - — — - - - - 1.73 5.68  8.61 — 4,18 - -
ne —--- - — —_— — - - —_— - - - .88 - - - -
hm ——— - - —_ — - - - - _— - - - _ 1.26 -—
TOTAL 99.95 99.97 99.96 99.97 99.97 99.96 99.95 99.96 | 99.93 99.88  99.88 99.89 99.93 99.7 99.91

il



Table 2 (cont.)

Formation Volecanic rocks of the Simcoe Mountains

Sample

Number ~— p-154 D-1554 D-156 p-157 D-158
$10, ---- 68.9 T4.2  64.6 64.7  50.6
Aly03--— 4.1 1% 15.3 15.3 18.2
Fe203--- 2.88 0.98 4.4 2.8 2.99
FeO ———- 1.09 0.06 1.05 1.99 6.83
Mg0 ---- 0.21 tr 0.63 0.98 5.47
Ca0 --—- 2.09 0.58 2.64 2.64 9.24
Nay0 —-- 445 2.82 3.81 3.7 3.1
K0 --—- 3.06 4.80 3.63 3.97 0.58
'1'102 —— 0.29 0.20 0.81 0.74 1.63
P205 ——— tr tr 0.24 0.23 0.18
Mn0  ———- 0.06 tr 0.02 0.04 0.15
Hy04 -=— 0.53 1.03 0.65 0.96 0.49
Hy0- ——=  1.59 0.41 1.78 1.45 0.45
COZ ~=—= 0.05 0.06 0.05 0.06 0.05
2Zr0, ---- 0,05 0.01 0.05 0.05 0.02
Cr203—--- tr tr tr tr 0.01
NiQ - tr tr tr tr tr
Ba0 --— 0.08 0.05 0.08 0.09 0.01
Sr0 ---- 0.02 0.01 0.02 0.03 0.08
[ tr tr tr 0.01 tr
F —— 0.05 0.02 0.05 0.06 0.02

Total § ——— tr 0.02 tr tr tr
TOTAL 99.6 99.5 99.8 99.8 100.1

Normative Minerals (CIPW)
Q - 27.58 39.10 23.39  22.17 1.75
C e - 3.55 1.05 0.86 -
Z - 0.08 0.02 0.08 0.08 0.03
Or —mwm 18.56 28.92 22.03 24.09 3.46
ab ——ee 38.63 2u.31 33.08 32.18 26.51
an ---—— 9.7 2.19 11,44 11.38 34,30
hl —--- tr tr tr tr tr
mt - 2.9 -— 1.14 4.18 4,37
[ I 0.01 0.0 0.01 0.01 0.02
i1 e 0.57 0.14 1.58 1,44 3.12
ap ———— 0.12 0.12 0.58 0.56 0.43
fr e-w— G.10 0.03 .06 .08 0.01
pr ——-—- tr 0.03 tr tr tr
ee ——— 0.12 0.14 0.12 0.14 0.12
di —-- .06 -— —_— 2.70 8.47
hy —-— 0.51 6.25 1.61 — 17.37
. J— 0.92 1.00 3.74 - -
ru —-— - 0.13 - - -
TOTAL 99.91 99.89 99.91 99.87 99.95

L
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