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Chemical analyses and norms of 81 volcanic rocks 

from parts of the Mogollon-Datil volcanic field, 

southwestern New Mexico 

By James C. Ratte and Tarry Grotbo 

The analyzed rocks (tables 1-3) were collected during mineral 

resource studies of the Gila Wilderness study area (Rattg and Gaskill, 

1975) and subsequent geologic mapping, which is continuing in the 

Mogollon-Datil volcanic field. For this preliminary release of data, 

the rocks are divided into three groups: 

Group I - Rocks of the early andesitic complexes that largely predate 

major ash-flow eruptions and related cauldron subsidence in the area 

considered here. These rocks range generally from 30 to 35 million 

years in age.-

Group II - Quartz latitie or dacitic to rhyolitic ash-flow tuffs and 

associated intrusive and extrusive rocks. These rocks range mainly from 

25 to 30 million years in age; they overlap in time with the early 

andesitic complexes on the one end and with the post ash-flow tuff 

andesites and associated rocks on the other. 

Group III - Post ash-flow tuff andesites and associated rocks. Most 

of these rocks are between 20 and 25 million years in age, but rocks 

as young as 5-6 million years are included in this group. 



For general characterization and classification, the rocks have 

been plotted on an alkali-silica diagram (fig. 1), an AFM diagram (fig. 2), 

and a normative-color-index vs. normative-plagioclase-composition 

diagram (fig. 3). The alkali-silica plot shows most of the rocks to 

be in the subalkaline field. Three ash-flow tiiff analyses fall in the 

alkaline field, but are probably beyond the main discriminating part 

of the divider. Otherwise, a number of the andesitic rocks plot in 

the alkaline field close to the dividing line, but only two analyses, 

nos. 80 and 81, are clearly separated from the others. These analyses 

represent alkali olivine basalt flows interlayered in Gila Conglomerate, 

The AFM diagram (fig. 2) shows nearly all of the subalkaline rocks 

to be in the calc-alkaline series as opposed to the tholeiitic series, 

and there is no clear separation of rocks of tholeiitic affinity. 

Rock names applied to the analyzed rocks on the location and 

correlation chart were derived from figure 3, 
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Analytical methods and analysts 

Analytical methods: 

Code 

1. Two-solution method (Shapiro and Brannock, 1962). Supple­

mented by atomic absorption. 

2. Single-solution method (Shapiro, 1975) 

3. Single-solution method (Shapiro, 1967) 

Analysts: 

Artis, L.; Botts, S,, Budinsky, J,; Chloe, G.; Elmore, P,; 

Glenn, J.; Kelsey, J.; Moore, R.; and Smith, H, 



n 

Table 1,—Rapid rock chemical analyses, adjusted oxides and CIPW norms for 81 volcanic 

rocks from part of Mogollon-Datil volcanic field, southwestern New Mexico.: 
EA«L« A N D E S I I I C ROCKS 

10 M »Z 
JY^lOOt 

u m 54.50 A?.»n 61 .no 61 .70 fr9.10 61 .80 60.-JO 61.20 4 6 . i O AS.JO 55 . tO 7 1 . i O 
t. t^O^ 17.50 16.90 1 6 . * 0 18 .20 16.20 lA.BO 16 .90 15.50 U . 7 0 15 .50 16 .50 U . 7 0 
f t Z I J 5.10 J.JO l . t O 3 . * 0 • 1.50 1.10 1.90 1.00 2 .10 1.90 6 .00 l . - iO 
l £ a l . t C 1.50 2 .60 O.t.1 0 . 2 * 0 .92 0 .80 1.70 1.10 0 .40 2 .70 0 .10 
MGO 2 .10 1.70 J .00 0.<V« 0 .80 0 .78 2 .00 2 .20 1.60 1.A0 * . 90 0 .27 
f » 0 5 .90 4.00 5.10 1.00 1.10 ? .70 1.00 4 .00 ? . 7 0 ' 1.20 6 .60 O . l * 
(i«2a 4 .40 J.MO I . n o ( . 1 0 ( . 4 0 4 .10 4.A0 ( . ( O 1.10 1.10 1.50 1.20 
n o 2 .90 2. ' .0 2 .10 1.20 1.40 1.80 * . 2 0 2 .20 «.?0 5.10 1.?Q 5.50 
1120 1.50 1.82 2.05 1,80 1.90 2 . U 1.20 2.49 1.24 2.25 I.CO 2.41 
1102 1.00 0.56 0.87 0.54 0 .41 0 .82 0 . 7 1 0 .92 0 .68 0.85 1.20 0 . 5 ; 
(•205 0 .42 0 .21 0 . 2 1 0 .14 0 .16 0 .28 0 . 2 1 0 .22 0 .16 0 .18 0 . l 2 C O ! 
i.'rio 0.08 . O.OB 0.09 0 .08 0 .02 0 .06 0 .08 0 .07 COS 0 .06 O . l l O . l ] 
c m 0.15 0.04 0 .01 0 .05 0.05 0 .05 0.05 0.05 O.OS O.OS 0.P6 O.CS 
f L . . oJ i " . • . O.Ol 0 .01 0 .01 0.04 0 .09 
r 0 . 0 6 0 . 0 2 o .c ;2 o . o s o . o i o . o a 0 . 0 9 O . Q 4 o . o a 0 . 0 6 0 . 0 4 0 . 0 4 
1 0 l * L ( - 0 > 9 9 . 1 8 9 9 . 2 2 1 0 1 . 0 6 9 9 . 9 1 9 9 . 8 9 9 9 . 8 0 9 8 . 4 4 9 9 . 9 8 1 0 0 . 1 8 1 0 0 . 1 2 1 0 0 . 0 8 9 9 . 9 } 

(~ / ID , IUSMO OXIDES - H20 (NEE 
S I 0 2 S 7 . B 4 6 4 . S R 6 1 . 6 1 6 4 . 9 1 7 0 . 7 2 6 S . 1 1 6 3 . 9 4 6 ' . . B l 6 8 . 1 1 6 6 . 7 2 5 5 . 9 1 7 J . 2 0 
A L 2 0 1 1 7 . 9 1 1 7 . 1 5 1 6 . 5 4 1 8 . 5 5 1 6 . 5 1 1 7 . 2 0 1 7 . 7 4 I S . 9 0 1 5 . 1 7 1 5 . 8 4 1 6 . 6 5 1 5 . P 7 

. , f f 2 0 1 5 . 2 2 1 . 1 9 1 . 4 1 1 . 9 8 1 . 5 1 1 . 1 8 4 . 0 9 1 . 0 8 2 . 1 7 1 . 9 8 4 . 0 4 1 . 4 4 
1 . 4 1 1 .54 2 . 6 1 0 . 4 9 0 . 2 4 0 . 9 4 0 . 8 4 1 . 7 4 1 . 1 1 0 . 4 1 2 . 7 1 0 . 1 0 
2 . 1 5 1 .75 1 . 0 1 0 . 5 0 0 . 8 2 0 . 8 0 2 . 1 0 2 . 2 4 1 . 4 5 1 . 8 4 4 . * 5 f . 2U 
4 . 0 4 4 . 1 1 5 . 1 5 1 . 0 4 1 . 1 1 2 . 7 4 1 . 0 5 4 . 1 0 2 . 7 9 1 . 2 1 6 . 6 4 0 . 1 4 
4 . 5 0 1 . 9 0 l . « 4 4 . 1 8 4 . 4 9 4 . 4 0 4 . 6 2 4 . S I 1 . 2 0 1 . 1 7 1 . 5 1 J . 2 . 1 
2 . 9 7 2 . 4 6 2 . 1 2 1 . 2 6 1 . 6 7 1 . 8 9 4 . 4 1 2 . 2 6 4 . 1 1 5 . 4 2 1 . 7 2 5 . 6 4 
1 . 0 2 0 . 5 7 0 . 8 8 <».5S 0 . 4 2 0 . 8 4 0 . 7 7 0 . 9 4 0 . 7 0 0 . 8 7 1 . 2 1 0 . 5 S 
0 . 4 1 0 . 2 2 0 . 2 1 0 . 1 5 0 . 1 6 0 . 2 9 0 . 2 4 0 . 2 1 0 . 1 7 0 , 1 8 0 . 1 2 0 . 0 8 
0 . 0 ! 0 . 0 8 0 . 0 9 0 . 0 8 0 . 0 2 0 . 0 4 0 . 0 8 0 . 0 7 0 . 0 5 0 . 0 4 0 . 1 1 O . l l 
0 . 1 6 0 . 0 4 0 . 0 1 0 . 0 5 O.OS ( i .OS 0 . 0 5 0 . 0 5 0 . 0 5 O.OS 0 . 0 6 O.OS 

0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 4 0 . 0 9 
f 0 . 0 6 0 . 0 2 0 . 0 2 O.OS 0 . 0 1 0 . 0 8 0 . 0 9 0 . 0 4 O.OS 0 . 0 6 0 . 0 4 0 . 0 4 

N n R H A I I V E MINi:HALS - 1120 EREE 
0 7 . 4 1 8 2 1 . 7 7 9 I 5 ; 4 0 7 2 2 . 0 2 1 2 7 . 1 1 5 1 3 . 8 9 1 1 5 . 8 7 0 1 9 . 0 9 0 2 5 . 7 1 7 2 1 . 8 1 5 9 . 9 1 9 1 2 . 1 9 5 
C 1 .414 1 . 5 8 8 1 . 2 8 1 1 . 6 9 2 4 . 1 ' ^ 8 0 . 9 0 6 2 , 8 7 9 ?, .S?a 
OR 1 7 . 5 4 1 1 4 . 5 6 1 I J . 7 2 2 1 9 . 2 / 4 2 1 . 7 0 9 2 2 . 9 9 2 2 6 . 0 S 9 1 1 . U S , 2 5 . 6 0 8 1 1 . P 9 9 1 0 . 1 1 9 1 3 . J ) C 
AH 1 8 . 1 1 4 1 1 . 0 1 2 1 2 . 4 7 6 1 5 . 1 4 2 1 7 . 9 1 8 1 7 . I P O 1 9 . 0 9 1 1 8 . 1 1 4 2 4 . 7 4 0 2 8 , 5 1 0 2 9 . 2 1 8 2 7 . 7 5 9 
AN 1 9 . 8 9 4 1 8 . 4 9 6 2 1 . 1 0 8 1 2 . 4 1 7 5 . 1 9 2 1 1 . 1 0 6 2 . 7 6 5 1 4 . 4 9 8 1 I . 9 2 Q 4 . 2 2 9 2 4 . 8 7 ! 
ML 0 . 0 1 7 0 . 0 1 7 0 . 0 1 7 0 . 0 6 8 O . I S O 
UO 2 . 0 1 5 1 . 6 1 5 0 . 7 9 5 2 . 1 1 7 
ci4 S . 1 S 4 4 . 1 4 7 7 . 5 4 6 1 . 2 4 4 2 . 0 1 1 1 . 9 8 9 5 . 2 3 0 5 . 6 ? 0 4 . 1 1 2 4 . 5 8 0 1 2 . 1 1 7 I ' . b 7 2 
f . C . 7 0 1 
n t 1 . 9 1 9 1.S6S 4 . 9 7 9 0 . 2 4 8 0 . 8 0 1 0 . 7 6 0 3 . 1 1 9 1 . 7 9 1 5 . 6 1 5 
.(» 1 . 8 9 7 0 . 9 2 9 1 . 8 0 4 1 . 5 1 1 2 . 8 2 5 1 . 5 7 1 0 . 9 2 6 1 . 1 1 7 1 . 9 8 5 2 . 1 6 9 l . t J S 
I L 1 . 9 4 4 1 . 0 9 2 1 . 6 6 9 1 . 0 4 S 0 . 5 4 1 1 . 5 9 5 1 . 4 S 6 1 . 7 9 2 1 . 1 1 1 0 . 9 9 4 2 . 1 0 0 0 . 5 0 2 
1 0 0 . 1 2 1 0 . 1 4 5 0 . 2 8 9 
AP 1 . 0 1 8 0 . 5 1 1 0 . 5 5 0 0 . 8 2 1 0 . 1 8 7 0 . 6 7 9 0 . 5 7 2 0 . 5 1 5 0 . 1 9 1 0 . 4 1 6 0 . 7 6 5 0 . 1 9 4 
ER 0 . 0 4 7 0 . 0 0 1 0 . 0 4 1 0 . 1 1 4 O . I S O 0 . 0 4 1 0 . 1 1 9 0 . 0 9 2 0 . 0 2 4 0 . 0 ' . 9 
t c 0 . 8 1 5 0 . 0 9 J 0 . 0 2 1 * * 0 . l | 6 0 . 1 1 6 0 . 1 1 4 0 . 1 1 9 0 . 1 1 7 0 . 1 1 7 0 . 1 1 4 0 . 1 1 8 
«r. 0 . 0 9 * 
l O I A i 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . 0 0 1 1 0 0 . n o i 100 .CO? 9 9 . 9 B 4 

S A i l t 8 2 . 9 0 1 8 9 . 4 6 1 8 2 . 9 1 7 9 2 . 6 8 2 9 5 . 2 5 2 9 1 . 8 7 8 8 8 . 1 4 1 8 7 . 0 5 4 9 0 . 9 7 9 8 9 . 4 5 2 7 4 . } 1 8 9 6 . B ' 4 
EEMIC i r . O t O 1 0 . 5 4 0 1 7 . 0 8 5 7 . 1 1 9 4 . 7 5 1 8 . 1 2 1 1 1 . 8 5 7 1 2 . 9 4 7 9 . 0 2 1 1 0 . 5 4 8 2 5 . 6 a < . 1 , 1 4 1 

1 • « * • 

o 

.,, 
I 

• , J 

FEO 
HCO 
CAO 
IIA 20 
K 2 0 
f l 0 2 
f'2r,S 
:<iiO 
C02 
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EARL« A N O E S I I I C ROCKS 

SVMflOL 
1 1 14 I S 14 17 

o 

5 1 0 2 
A L 2 0 1 
E E 2 0 1 
fEO 
"GO 
CAO 
NA20 
K 2 0 

H 2 0 
I 102 
E20S 
•tllO 
( 0 2 
( L 
I 
I 0 1 A L < - 0 ) 

4 1 . 7 0 
1 5 . 5 0 

4 . 9 0 
0 . 2 4 
1 . 2 0 
1 . 1 0 
1 . 5 0 
4 . 1 0 
2 . 5 0 
0 . 7 4 
0 . 1 9 
0 . 0 2 
0 . 0 5 
0 . 0 1 
O . l l 

1 0 0 . 0 1 

5 8 . 6 0 
1 4 . 0 0 

S.OO 
2 . 0 0 
1 . 4 0 
5 . 2 0 
1 . 5 0 
1 . 0 0 
1 . 4 0 
0 . 9 4 
0 . 2 9 
0 . 1 2 
0 . 2 8 
0 . 0 1 
0 . 0 7 
9 9 . 9 8 

6 2 . 7 0 
1 4 . 9 0 

1 . 4 0 
2 . 0 0 
2 . 7 0 
4 . 4 0 
1 . 2 0 
1 . 5 0 
1 . 9 2 
0 . 7 6 
0 . 2 2 
O.OS 
0 . 0 8 
O.OS 

o.n« 
9 9 . 9 4 

6 0 . 6 0 
1 5 . 8 0 

1 . 7 0 
2 . 2 0 
2 . 8 0 
4 . S O 
1 . 2 0 
1 . 4 0 
2 . 5 0 
0 . 8 1 
0 . 2 0 
0 . 0 9 
0 . 0 5 

0 . 0 9 
1 0 0 . 1 2 

6 9 . 4 0 
1 1 . 0 0 

0 . 7 1 
0 . 8 8 
0 . 6 8 
2 . 1 0 
1 . 9 0 
2 . 4 0 
6 . 6 0 
0 . 2 4 
0 . 0 6 
0 . 0 4 
O.OS 

O . O i 
1 0 0 . 1 0 

AOJUSTEP OKIDES -

o 

',; 

t i n ? 
A L 2 0 1 
r E 2 o i 
l E O 
«if,0 
CAO 
n A 2 0 
K i i y 
1102 
1-205 
MMO 
C02 
C l 

4 5 . 1 1 
1 5 . 8 9 

5 . 0 2 
0 . 2 5 
1 . 2 1 
1 . 1 8 
1 . 5 9 
4 . 2 0 
0 . 7 8 
0 . 1 9 
0 . 0 2 
0 . 0 5 
0 . 0 1 
0 . 1 1 

H20 FREE 
5 9 . 4 5 
1 4 . 2 1 

5 . 0 7 
2 . 0 1 
1 . 4 5 
5 . 2 7 
1 . 5 5 
1 .04 
0 . 9 5 
0 . 2 9 
0 . 1 2 
0 . 2 8 
0 . 0 1 
0 . 0 7 

4 1 . 9 4 
1 5 . 2 0 

1 . 4 7 
2 . 0 4 
2 . 7 5 
4 . 4 9 
1 . 2 4 
1 . 5 7 
0 . 7 8 
0 . 2 2 
0 . 0 8 
0 . 0 8 
0 . 0 5 
0 . 0 8 

4 2 . 0 8 
1 4 . 1 8 

1 . 7 9 
2 . 2 S 
2 . 8 7 
4 . 4 1 
1 . 2 S 
1 . 4 9 
0 . 8 S 
0 . 2 0 
0 . 0 9 
O.OS 

0 . 0 9 

7 4 . 2 1 
1 1 . 9 0 

0 . 7 ? 
0 . 9 4 
0 . 7 1 
2 . 2 S 
4 . 1 7 
2 . 5 7 
0 . 2 4 
0 . 0 4 
0 . 0 4 
O.OS 

0 . 0 1 

I IORHAI IVE n iMERALS 
O 
f 
OR 
AD 
AN 
Mi 
UO 
EN 
f i 
H I 
HH 
I L 
RU 
AH 
ER 
CC 
HC 
l O l A L 

5 . M I C 
EEMIC 

2 0 . 1 1 1 
0 . 1 4 1 

2 4 . 8 4 1 
1 0 . 2 9 0 
1 4 . 4 9 0 

0 . 0 1 7 

1 . 0 4 4 

5 . 0 2 4 
0 . 5 4 4 
0 . 4 8 2 
0 . 4 4 1 
0 . 1 9 4 
0 . 1 1 7 

H2fl FREE 
12.787 

17.9E1 
29.965 
19.402 
0.017 
1.117 
9.095 

172 
194 
811 

0 . 4 9 7 
0 . 0 9 2 
0 . 4 4 6 

19.421 

21.099 

27.244 
14.477 
0.084 
1.402 
4.840 

4 . 5 9 5 
0 . 2 9 9 
1 . 4 7 2 

0 . S 1 2 
0 . 1 2 7 
0 . 1 8 4 

1 0 0 . 0 0 0 1 0 0 . 0 0 2 1 0 0 . 0 0 1 

14.151 

21.792 
27.717 
18.557 

0.880 
7.141 

5 . 1 0 0 
0 . 2 7 1 
1 . 4 1 5 

0 . 4 8 5 
0 . 1 S 2 
0 . 1 1 4 

14.118 
0.528 
15.149 
15.294 
10.192 

1 . 8 1 1 
0 . 7 1 9 
1 . 1 1 2 

0 . 4 8 8 

0 . 1 5 2 
0 . 0 5 4 
0 . 1 2 2 

9 0 . 0 9 2 
9 . 9 0 8 

8 0 . 1 5 7 
1 9 . 8 4 4 

8 4 . 5 2 9 
1 5 . 4 7 1 

100.001 100.000 
84.217 95.501 
15.744 4.498 
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ASH-ELOU 1UEE5 AN» ASSOCIATES ROCKS 

18 19 20 21 22 21 24 25 26 27 28 2» 
S1HB0L 

5 1 0 2 
A L 2 0 1 
EE20J 
(EO 
CGO 
CAO 
NA20 
K 2 0 
H20 
1102 
C20S 
HNO 
C02 
CL 
r 
I O I A L ( - O I 

ADJUSIED 
5 1 0 2 
A L 2 0 1 
E E 2 0 1 
( £ 0 
HGO 
C»0 
FIA20 
K20 
1 1 0 2 
P 2 0 5 
HNO 
Cn2 
CL 
1 

NORMATIVE 
0 

c 
OR 
AB 
AN 
NL 
U3 
EM 
rs 
M l 
i n 
I L 
TN 
RU 
AP 
l » 
CC 
NG 
( O I A L 

SALIC 

4 

4 4 , 2 0 
1 4 , 8 0 

1 . 9 0 
0 . 2 4 
1 . 1 0 
i . f a 
4 . 9 0 
2 . 8 0 
1 . 0 0 
0 . 7 4 
0 . 2 0 
0 . 0 4 
0 . 0 5 

0 . 0 7 
9 9 . 0 1 

O m o E S -
6 5 . 5 0 
1 7 . 1 4 

1 . 9 8 
0 . 2 4 
1 . 1 1 
2 . 8 4 
S.OO 
2 . 8 4 
0 . 7 4 
0 , 2 0 
0 . 0 4 
O.OS 

0 . 0 7 

• I INERALS 
1 8 . 2 7 5 

1 . 1 8 0 
1 4 . 8 8 2 
4 2 . 1 0 4 
1 2 . 1 2 7 

l . I O l 

1 . 9 7 9 
0 . 4 0 4 

0 . 4 1 7 
0 . 4 8 1 
0 . 1 0 9 
n . 1 1 4 

1 0 0 . 0 0 0 
9 0 . 9 4 8 

* 
7 1 . 8 0 
1 1 . 1 0 

1 . 1 0 
. 0 . 0 4 

0 . 4 5 
0 . 4 4 
2 . 4 0 
5 . 8 0 
1 . 5 0 
0 . 2 1 
0 . 0 8 
0 . 0 2 
0 . 0 4 

0 . 0 2 
9 9 . 4 1 

)I20 (REE 
7 5 . 1 7 
1 1 . 5 8 

1 . 1 1 
0 . 0 4 
0 . 4 4 
0 . 4 5 
2 . 4 5 
5 . 9 2 
0 . 2 1 
0 . 0 8 
0 . 0 2 
0 . 0 6 

0 . 0 2 

- H20 FREE 
1 7 . 2 1 8 

2 . 4 9 4 
1 5 . 0 0 5 
2 0 . 7 4 1 

1 . 2 1 2 

1^145 

1 . 1 2 8 
0 . 1 1 0 

0 . 1 4 4 
0 . 1 9 4 
0 . 0 2 7 
0 . 1 1 9 

1 0 0 . 0 0 0 
9 6 . 8 9 2 

« 
6 1 . 5 0 
1 6 . 7 0 

2 . 4 0 
1 . 6 0 
1 . 6 0 
1 . 2 0 
4 . 4 0 
1.70 
1 . 1 0 
0 . 7 2 
0 . 1 7 
0 . 0 9 
0 . 1 6 

0 . 0 1 
9 9 . 9 6 

6 4 . 1 6 
1 6 . 9 1 

2 . 4 1 
1 . 6 2 
1 . 6 2 
1 . 2 4 
4 . 6 6 
1 . 7 5 
0 . 7 1 
0 . 1 7 
0 . 0 9 
0 . 1 6 

0 . 0 1 

1 5 . 0 5 4 
0 . 5 9 9 

2 2 . 1 6 2 
1 9 . 4 5 4 
1 2 . 5 4 9 

4 . 0 1 9 

1 . 4 0 9 
0 . 0 8 1 
1 . 1 8 6 

0 . 4 0 8 
0 . 0 1 1 
0 . 8 1 0 

1 0 0 . 0 0 1 
8 9 . 8 1 7 

* 
7 5 . 8 0 
1 2 . 7 0 

0 . 4 8 
0 . 8 4 
0 . 2 4 
0 . 4 4 
1 . 0 0 
S . 1 0 
1 . 1 0 
0 . 0 8 

0 . 1 1 
O.OS 

0 . 0 1 
9 9 . 9 8 

7 6 . 6 4 
1 2 . 8 4 

0 . 4 9 
0 . 8 5 
0 . 2 4 
0 . 4 4 
1 . 0 1 
S . 1 4 
0 . 0 8 

0 . 1 1 
0 . 0 5 

0 . 0 1 

1 7 . 4 1 4 
1 . 4 4 0 

1 0 . 4 7 9 
2 5 . 4 7 1 

1 . 4 4 4 

0 . 4 0 5 
1 . 2 7 0 
0 . 7 0 4 

0 . 1 5 4 

0 . 0 6 2 

JJ.115 

1 0 0 . 0 0 2 
9 7 , 0 9 2 

* 
7 4 . 8 0 
1 2 . 7 0 

1 . 6 0 

0 . 1 2 
0 . 1 9 
2 . 9 0 
4 . 5 0 
1 . 1 0 

0 . 1 1 

0 . 0 7 

0 . 0 1 
9 8 . 7 1 

7 6 . 7 8 
1 1 . 0 4 

1 . 4 4 

0 . 1 1 
0 . 4 0 
2 . 9 8 
4 . 4 2 

0 . 1 1 

0 . 0 7 

0 . 0 1 

4 1 . 0 7 1 
2 . 9 4 8 

2 7 . 2 9 4 
2 5 . 1 8 7 

0 . 5 2 2 

0 . 8 1 8 

1 . 4 4 2 

0 . 1 1 6 
0 . 0 1 9 
0 . 1 6 1 

1 0 0 . 0 0 0 
9 7 . 0 2 1 

* 
7 6 . 0 0 
1 2 . 5 0 

1 . 0 0 
0 . 4 4 
0 . 1 0 
0 . 1 4 
1 . 1 0 
5 . 1 0 
0 . 9 1 
0 . 1 1 

0 . 1 0 
0 . 0 5 

0 . 0 2 
9 9 . 9 8 

7 6 . 7 1 
1 2 . 6 2 

1 . 0 1 
0 . 4 4 
0 . 1 0 
0 . 1 4 
1 . 1 1 
5 . I S 
0 . 1 1 

0 . 1 0 
0 . 0 5 

0 . 0 2 . 

1 6 . 9 6 1 
1 . 1 1 1 

1 0 . 4 2 6 
2 8 . 1 9 1 

1 . 2 1 6 

0 . 2 5 1 

1 . 4 1 9 
0 . 0 1 7 
0 . 2 1 1 

0 . 0 4 1 
0 . 1 1 5 

1 0 0 . 0 0 1 
9 7 . 9 2 4 

« 
7 8 . 7 0 
1 0 . 4 0 

0 . 7 4 
0 . 0 4 

0 . 4 2 
1 . 7 0 
5 . 9 0 
0 . 9 0 

0 . 0 8 

-
0 . 0 2 

0 . 0 1 
9 9 . 1 1 

8 0 . 1 2 
1 0 . 7 9 

0 . 7 7 
0 . 0 4 

0 . 4 1 
1 . 7 1 
4 . 0 1 

0 . 0 8 

0 . 0 2 

O . O l 

4 4 . 4 4 4 
0 . 9 1 4 

1 5 . 4 9 4 
1 4 . 4 4 5 

1 . 4 1 9 

0 . 1 1 1 
0 . 4 8 1 

0 . 1 9 1 
0 . 0 0 4 
0 . 0 4 6 

1 0 0 . 0 0 0 
9 8 . 9 4 0 

* 
7 1 . 4 0 
1 4 . 7 0 

1 . 1 0 
0 . 1 6 
0 . 2 7 

a.«a 
4 . 5 0 
5 . 1 0 
0 . 8 S 
0 . 1 7 
0 . 0 7 
0 . 0 4 
0 . 0 5 

0 . 0 8 
1 0 0 . 0 4 

7 1 . 9 7 
1 4 . 8 2 

1 . 1 1 
0 . 1 4 
0 . 2 7 
0 . 9 9 
4 . 5 4 
5 . 1 4 
0 . 1 7 
0 . 0 7 
0 . 0 4 
0 . 0 5 

0 . 0 8 

2 1 . 9 4 1 
0 . 4 H 0 

1 0 . 1 7 8 
1 8 . 1 8 2 

1 . S 7 7 

0 . 4 7 8 

0 . 2 8 4 
1 . 1 1 1 
0 . 7 0 8 

0 . 1 4 7 
0 . 1 5 1 
0 . 1 1 5 

1 0 0 . 0 0 1 
9 4 , 7 8 1 

* 
6 9 . 8 0 • 
1 4 , 9 0 

2 . 0 0 
0 . 1 2 
0 . 1 9 
1 . 9 0 
4 , 0 0 
4 , 8 0 
1 , 1 0 
0 , 4 1 
0 , 1 8 
0 , 0 4 
0 , 0 S 

O . O I 
9 9 , 9 1 

7 0 , 4 1 
1 5 , 0 8 

2 , 0 2 
0 , 1 2 
0 , 1 9 
1 . 9 2 
4 , 0 5 
4 . 8 4 
0 . 4 4 
0 . 1 8 
0 . 0 4 
0 . 0 5 

O . O I 

2 4 . 4 8 7 
0 . 2 5 7 

2 8 . 7 0 1 
1 4 . 2 4 8 

V 7 . 9 2 5 

0 . 9 8 1 

2 . 0 2 4 
0 . 7 7 0 

0 . 0 2 9 
0 . 4 1 1 
0 . 0 2 9 
0 . 1 1 5 

1 0 0 , 0 0 0 
9 5 . 4 1 9 

* 
7 2 , 9 0 ' 
1 1 , 5 0 

1 , 9 0 
0 . 0 8 
0 . 1 6 • 
1 . 2 0 
1 . 4 0 
4 . 6 0 
0 . 8 $ 
0 . 1 7 
0 . 1 0 
0 . 0 4 
O . O l 

0 . 0 2 
9 9 . 5 2 

7 1 . 8 8 
1 1 . 6 8 

1 . 9 1 
O.OS • 
0 . 1 6 
1 . 2 2 
1 . 4 5 
4 . 4 4 
0 . 1 7 
0 . 1 0 
0 . 0 4 
O . O I 

0 . 0 2 

1 2 . 0 1 8 
0 . 7 1 9 

2 7 . 5 4 9 
1 0 . 8 7 2 

5 . 2 2 5 

0 . 9 0 9 

1 . 9 2 4 
0 . 2 5 8 

0 . 2 1 9 
0 . 2 4 0 
0 . 0 2 1 
0 . 0 2 1 

1 0 0 , 0 0 0 
9 4 . 1 8 1 

. 
5 5 , 9 0 

17. io 
4 . 1 0 
2 . 1 0 
4 . 9 0 
7 . 5 0 
1 . 2 0 
1 . 8 0 
1 . 5 0 
0 . 8 4 
0 . 2 2 
0 . 1 0 
O.OS 

0 . 0 8 
9 9 . 7 4 

5 4 . 8 9 
1 7 . 6 1 

4 . 1 8 
2 . 1 4 
4 . 9 9 
7 . 6 1 
1 . 2 6 
1 . 8 1 
0 . 8 5 
0 . 2 2 
0 . 1 0 
0 . 0 5 

0 . 0 & 

9 . 7 5 9 

1 0 . 8 2 5 
2 7 . 5 5 8 
2 8 , 0 1 1 

1 . 1 8 2 
1 2 . 4 2 0 

4 . 7 4 2 
1 . 1 0 5 
1 . 6 2 4 

0 . 5 1 0 
0 . 1 2 6 
0 . 1 1 6 

1 0 0 . 0 0 1 . 
7 4 . 1 5 5 

* 
4 1 . 1 0 
1 6 . 6 0 

4 . 8 0 
0 . 2 4 
0 . 8 4 
2 . 8 0 
4 . 5 0 
1 . 6 0 
1.8 '> 
0 . 8 1 
0 . 1 0 
0 . 1 1 
0 . 1 2 

0 , 0 7 
9 9 . 9 7 

6 4 . 5 ' . 
1 6 . 9 2 

4 . S 9 
0 . 2 4 
0 . 8 6 
2 . f i S 
4 . 5 ) 
1 . 6 7 
0 . 8 1 
0 . 1 1 
0 . 1 1 
0 . 1 2 

0 . 0 7 

1 7 . 7 4 8 
1 . 1 ^ 8 

2 1 . 6 ' » 0 
1 8 . 8 2 1 
1 1 . 0 6 1 

2 . 1 1 1 

4 . 8 9 4 
0 . 8 0 0 

0 . 4 04 
0 . 7 2 4 
0 . 0 9 1 
0 . 2 - 8 

1 0 0 . 0 0 2 
9 0 . 6 7 7 

••n..r...n.-.rr -.-r-nrixn*'I.ST>rs^KHWmBaKjWlS'a«^iTir.'Ht?;."T VtCfO:fi^ 1'.3;t 
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A S I I ' f L O U lUFES AND A S S O C I A I E O HOCKS 

10 11 12 11 14 I S 14 17 18 19 4 0 4 1 
1 ! 
1 1 
1 

1 
i * 

1 ** 
1 ^ 

1 

1 « 

1 ^ 

. % 

« 

^ 

! ^ 

^ 

i " 1 

•;• 

, ^> 
i 

' -̂  

1 
1 * ~ * 
1 TZ 

1 

' • - • > ! 

SVHqoL 

S I 0 2 
A I . 2 0 1 
( E 2 0 1 
(EO 
HGO 
( A O 
NA20 
K 2 0 
H?0 
110.1 
P20S 
H I O 
( 0 2 
( I 

( 
T O | A i ( - O I 

AOJUSIEO 
S I 0 2 
A 1 2 0 1 ' 
( E 2 0 1 i 
(EO 
nr.o 
CAO 
NA20 
K 2 0 
1 1 0 2 
P20S 
HNO 
C02 
C l 

( 
N O R H A I I V f 
n 
c 
OR 
A l 
AN 
H I 
UO 
t N 
( J 
H I 
l l f 
l l 
Tri 
RO 
AP 
( 0 
(C 
HG 
l O I A l 

S A L K 

* 
7 4 . 9 0 
1 1 . 0 0 

1 . 0 0 
6^.20 
0 . 2 1 
0 . 4 8 
1 . 1 0 
5 . 1 0 
0 . 7 0 
0 . 2 2 
0 . 0 1 
n . 0 4 
0 . 0 5 
0 . 0 1 
0 . 2 5 
9 9 . 4 4 

O m o E S -
7 5 . 8 5 
1 1 . 1 7 

I . O I 
0 . 2 0 
0 . 2 1 
0 . * 9 
1 . 1 4 
5 . 1 6 
0 . 2 2 
O.OS 
0 . 0 4 
0 . 0 5 
O . O I 
a . 2 S 

n i N E R A l S 
1 6 . 1 6 4 

2 . 0 9 2 
1 0 . 5 2 1 
2 8 . 2 0 4 

0 . 0 1 7 

0 . 5 5 8 

0 . 2 0 5 
0 . 8 7 1 
0 . 4 2 1 

0 . 1 2 0 
O . S I I 
0 . 0 9 4 
0 . 0 1 8 

1 0 0 . 0 0 1 
9 7 . 2 0 0 

* 
7 6 . 5 0 
1 2 . 1 0 

0 . 7 4 
0 . 2 4 
0 . 1 1 
0 . 1 0 
5 . 5 0 
4 . 4 0 
0 . 4 9 
O . n 
0 . 0 1 
O.OS 
O.OS 

d.oi 
0 . 1 1 
9 9 . 1 1 

( 2 0 FREE 
7 7 . 7 1 
1 2 . 2 9 

0 . 7 S 
0 . 2 4 
O.n 
0 . 1 0 
1 . 5 6 
4 . 6 7 
0 . 1 4 
0 . 0 1 
0 . 0 5 
O.OS 
O . O I 
O . l l 

- n 2 a (REE 
1 9 . 0 1 1 

1 . 1 8 1 
2 7 . 6 1 1 
1 0 . 0 0 9 

O i 0 4 5 
0 . 0 1 7 

0 . 2 7 8 

0 . 5 1 9 
0 . 1 6 0 
0 . 2 7 0 

0 . 0 7 2 
0 . 2 6 4 
0 . 1 1 4 

1 0 0 . 0 0 1 
9 8 . 0 8 0 

* 
7 4 . 1 0 
1 1 . 7 0 

1 . 1 0 
0 . 0 2 
0 . 2 4 
0 . 1 2 
1 . 1 0 
6 . 0 0 
2 . 4 0 
0 . 2 1 
0 . 0 2 
0 . 0 7 
O.OS 

O.OS 
9 9 . 7 4 

7 8 . 1 4 
1 2 . 0 2 

1 . 1 4 
0 . 0 2 
a . 2 S 
0 . 1 1 
1 . 1 4 
4 . 1 6 
0 . 2 2 
0 . 0 2 
0 . 0 7 
O.OS 

0 . 0 5 

4 4 . 0 9 6 
2 . 8 5 4 • 

1 6 . 4 1 7 
1 1 . 2 9 9 

0 . 8 0 9 

0 . 4 1 4 

1 . 1 1 5 
0 . 1 9 7 

0 . 1 1 2 
0 . 0 ^ 9 
0 . 1 0 2 
0 . 1 1 7 

1 0 0 . 0 0 1 
9 7 . 4 7 5 

* 
7 5 . 7 0 
1 2 . 9 0 

0 . 9 0 
0 . 1 4 

' 0 . 1 0 
0 . 2 9 
1 . 0 0 
5 . 2 0 
0 . 7 1 
0 . 2 7 
0 . 0 2 
O . D l 
O.OS 

0 . 0 1 
9 9 . 5 7 

7 6 . 5 9 
1 1 . 0 5 

0 . 9 1 
0 . 1 4 
0 . 1 0 
0 . 2 9 
1 . 0 4 
5 . 2 6 
0 . 2 7 
0 . 0 2 
0 . 0 1 
0 . 0 5 

0 . 0 1 

1 8 . 1 0 7 
2 . 0 7 1 

1 1 . 0 9 0 
2 5 . 4 8 4 

0 . 7 9 5 

0 . 2 5 2 

0 . 4 8 1 
0 . 5 7 9 
0 . 5 1 9 

0 . 0 4 8 
0 . 0 5 9 

* ' 0 . 1 1 5 

1 0 0 . 0 0 0 
9 7 , 9 4 8 

« 
7 5 . 5 0 
1 2 . 6 0 

0 . 8 7 
0 . 1 2 
0 . 0 7 
0 . 2 0 
1 . 1 0 
4 . 9 0 
1 . 1 0 

0 . 0 7 

0 . 0 2 

0 . 0 2 
9 8 . 7 6 

7 7 . 1 1 
1 2 . 9 0 

0 . 8 9 
0 . 1 2 
0 . 0 7 
0 . 2 0 
1 . 1 1 
7 . 0 7 

0 . 0 7 

0 . 0 2 

0 . 0 2 

4 2 . 2 8 4 
2 . 9 4 9 

4 1 . 7 5 0 
1 1 . 2 4 4 

• 0 . 1 1 S 

0 . 1 7 9 

0 . 1 9 4 
0 . 4 1 8 

0 . 1 7 0 
0 . 0 2 9 
0 . 0 4 7 

1 0 0 . 0 0 0 
. 9 8 . S 6 2 

* 
6 5 . 0 0 
1 7 . 1 0 

2 . 8 0 
0 . 1 4 
0 . 5 9 
1 . 2 0 
4 . 2 0 
5 . 6 0 
2 . 0 7 
0 . 7 $ 
0 . 1 4 
0 . 0 7 
O.OS 
O . O I 
0 . 1 1 

1 0 0 . 0 1 

6 6 . 1 7 
1 7 . 4 4 

2 . 8 4 
0 . 1 7 
0 . 6 0 
I . 2 I 
4 . 2 9 
$ . 7 2 
0 . 7 7 
0 . 1 4 
0 . 0 7 
O.OS 
0 . 0 1 
0 . 1 1 

1 4 . 9 9 2 
2 . 7 8 4 

1 1 . 7 8 7 
1 4 . 2 1 0 

1 . 9 4 1 
0 . 0 1 7 

l . S O O 

2 . 8 5 9 
0 . 9 2 9 

0 . 2 7 4 
0 . 1 1 9 
0 , 2 4 7 
0 . 1 1 4 

1 0 0 . 0 0 1 
9 1 . 7 1 5 

• 
4 8 . 7 0 
1 4 . 7 0 

2 . 2 0 : 
0 . 4 8 
0 . 5 7 
1 . 7 0 
1 . 8 0 
4 . 8 0 
2 . 1 0 
0 . 5 7 
0 . 1 4 
0 . 0 4 
0 . 0 5 . 
O . O I 
0 . 0 9 

1 0 0 . 1 $ 

7 0 . 2 1 
1 5 . 0 2 

2 . 2 $ 
0 . 4 9 
0 . 5 8 
1 . 7 4 
1 . 8 8 
4 . 9 1 
0 . S 8 
0 . 1 4 
n . 0 4 
0 . 0 $ 
0 . 0 1 
0 . 0 9 

2 5 . 2 5 9 
0 . 9 2 8 

2 8 . 9 8 9 
1 2 . 4 1 4 

4 . 6 6 1 
0 . 0 5 1 

1 . 4 5 1 

0 . 0 2 6 
2 . 2 1 0 
1 . 1 0 6 

0 . 1 8 7 
0 . l $ 9 
0 . 1 1 6 

1 0 0 . 0 0 1 
9 4 . $ 2 4 

« 
6 4 . 1 0 
1 7 . 2 0 

2 . 6 0 
0 . 2 4 
0 . 6 2 
l . $ 0 
$ . 2 0 
4 . 0 0 
0 . 5 4 
0 . 7 1 
0 . 1 9 
0 . 0 9 
0 . 0 5 
O . O I 
0 . 1 1 
9 9 . 1 4 

4 5 . 0 8 
1 7 . 4 1 

2 . 4 1 
0 . 2 4 
0 . 6 1 
1 . 5 2 
$ . 2 4 
4 . 0 7 
0 . 7 4 
0 . 1 9 
0 . 0 9 
0 . 0 5 
O . O I 
O . l l 

8 . 1 1 2 
0 . 1 1 4 

1 5 . 8 8 $ 
4 4 . 4 5 9 

$ . 1 1 8 V 
0 . 0 1 7 

1 . 5 4 1 

2 . 4 1 1 
0 . 7 0 8 

0 . 1 4 6 
0 . 4 $ $ 
0 . 2 1 $ 
0 . 1 1 $ 

1 0 0 . 0 0 1 
9 1 . 9 2 7 

* 
4 6 . 1 0 
1 4 . 7 0 

2 . 1 0 
0 . 2 4 
0 . 4 7 
2 . 0 0 
4 . 6 0 
$ . 5 0 

o.«a 
0 . 4 9 
0 . 1 0 
0 , 1 2 
0 , 1 $ 

0 , 0 7 
9 9 . 9 9 

6 4 . 9 4 
1 4 . 8 7 

2 . 1 2 
0 . 2 4 
0 . 4 7 
2 . 0 2 
4 . 4 $ 

$.$$ 
0 . 4 9 
0 . 1 0 
0 . 1 2 
0 . 1 $ 

0 . 0 7 

1 $ . 0 9 0 
0 . 7 4 $ 

1 2 . 8 2 4 
1 9 . I l l 

4 . 4 7 $ 

1 . 1 8 2 

2 . 1 2 1 
0 . 7 7 1 

0 . 0 8 9 
0 . 2 1 9 
0 . 1 2 7 
0 , 8 0 4 

1 0 0 , 0 0 1 
9 4 . 4 4 8 

• 
7 5 . 2 0 
1 2 . 7 0 

1 . 0 0 
0 . 2 8 
0 . 1 4 
0 . 1 S 
1 . 8 0 
$ . 1 0 
0 . 4 2 
O . l l 
0 . 0 2 
0 . 0 5 
0 . 0 $ 

O.OS 
9 9 . 1 1 

7 4 . 0 5 
1 2 . 8 4 

1 . 0 1 
0 . 2 8 
0 . 1 4 
U . I B 
1 . 8 4 
5 . 1 4 
0 . 1 1 
0 . 0 2 
0 . 0 $ 
0 . 0 $ 

O . f l l 

1 2 . 8 1 7 
0 . 4 1 1 

1 1 . 4 7 2 
1 2 . $ 1 4 

0 . 2 4 2 

0 , 4 0 1 

0 . 4 9 7 
0 . S 1 1 
0 . 2 $ 0 

0 . 0 4 8 
0 . 0 5 9 
0 . 1 1 $ 

1 0 0 . 0 0 1 
9 7 . 8 9 9 

« 
7 1 . 8 0 
1 1 . 8 0 

2 . 0 0 
0 . 2 8 
0 . 1 8 
0 . 4 0 
2 . 4 0 
7 . 4 0 
0 . 4 4 
0 . 4 B 
0 . 1 1 
0 . 0 1 
0 . 0 $ 

0 . 0 8 
9 9 . 8 4 

7 2 . 1 8 
1 1 . 9 1 

2 . 0 2 
0 . 2 8 
0 . 1 8 
0 . 4 0 
2 . 6 2 
7 . 4 4 
0 . 4 8 
0 . 1 1 
0 . 0 1 
0 . 0 5 

O.oa 

2 8 . 1 7 8 
1 . 4 0 8 

4 4 . 0 8 1 
2 2 . 1 7 9 

0 . 1 2 1 

0 . 4 1 2 

2 . 0 1 4 
0 . 4 4 1 

0 . 1 1 4 
0 . 1 1 0 
0 . 1 4 2 
0 . 1 1 $ 

1 0 0 . P O O 
9 4 . 1 4 9 

. 
71 , 9 0 
1 1 , 8 0 

2 , 0 0 
0 , 2 8 
0 , 4 2 
0 . 7 1 
1 . 2 0 
5 . 7 0 
0 . 9 5 
0 . 4 9 
0 . 1 1 
0 . 0 4 
0 . 1 0 

n . 0 8 
9 9 . 7 7 

7 2 . 7 6 
1 1.<'7 

2 . 0 2 
0 . 2 8 
0 . 4 1 
0 . 7 2 
1 . 2 4 
5 . 7 7 
0 . 5 0 
O . l l 
0 . 0 4 
0 . 1 0 

O.OA 

1 0 . 4 9 2 
1 . 7 8 0 

1 4 . 0 8 4 
2 7 . 4 02 

1 . 6 7 7 

1 . 0 5 9 

2 . P 2 4 
0 . 7 2 8 

0 . 1 1 2 
0 . 2 6 4 
0 . 1 4 4 
P . 2 1 0 

1 0 0 . 0 0 1 
9 5 . 4 1 8 
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ASH-ELOU TUFFS AND ASSOCIATED ROCKS 

42 41 4$ 46 47 48 49 50 51 52 51 

! 1 

I » 

SYHBOL 

S i 02 
A 1 2 0 } 
F E 2 0 I 
(EO 
HGO 
CAO 
t lA20 
K 2 0 
H20 
T I 0 2 
P2a5 
HNO 
C02 
( L 
F 
TOTAL<-C> 

ADJUSTED 
S I 0 2 
A I 2 0 1 
F t 20 1 
FEO 
HGO 

C « 0 
HA 20 
K 2 0 

T I 0 2 
P205 
HNO 

C 0 2 

CL 
F 

NORMATIVE 
0 

t 
OR 
AH 
AN 
Ml 
UO 

E N 

F S 
H I 

HH 

I L 
I N 

RU 

AP 

FR 

CC 
HG 
TOTAL 

SALIC 

• 
6 5 , 0 0 
1 5 , 1 0 

5 . 9 0 
0 . 1 2 
1 , 2 0 
1 . 7 0 
1 , 1 0 
4 . 0 0 
1 . 2 9 
1 . 1 0 
O . I O 
0 . 1 1 
0 . 4 2 

0 . 1 0 
1 0 0 . 0 0 

OAIOES -
4 5 . 8 5 
1 5 . 5 0 

1 . 9 5 
0 . 1 2 
1 . 2 2 
1 . 7 2 
1 . 1 4 
4 . 0 8 
1 . 1 1 
0 . 1 0 
0 . 1 1 
0 . 4 1 

0 . 1 0 

HIHERALS 
2 1 . 6 2 6 

1 . 0 0 5 
1 5 . 9 2 0 
2 6 . 5 7 5 

2 . 0 4 5 

1 . 0 2 8 

1 . 9 5 1 
0 . 9 2 1 

0 . 6 2 8 
0 . 7 2 0 
0 . 1 5 2 
1 . 4 2 8 

1 0 0 . 0 0 1 
8 9 . 1 7 0 

* 
7 2 . 1 0 
1 2 . 7 0 

. 2 . 0 0 
0 . 4 8 
0 . 4 1 
0 . 1 8 
2 . 2 0 
7 . 7 0 
1 . 2 4 
0 . 5 1 
0 . 1 1 
0 . 0 4 
0 . 0 5 

0 . 0 1 
9 9 . 9 6 

H20 FREE 
7 1 . 0 4 
1 2 . 8 7 

2 . 0 1 
0 . 4 9 
0 . 4 2 
0 . 1 8 
2 . 2 1 
7 . 8 0 
0 . 5 2 
n . H 
0 . 0 4 
O.OS 

0 . 0 1 

- H20 FREE 
2 9 . 1 4 9 

0 . 5 1 9 
4 6 . 0 9 1 
1 8 . 8 5 8 

0 . 5 9 1 

1 .034 

0 . 2 0 2 
1.8H7 
0 . 9 8 1 

0 . 1 1 2 
0 . 0 1 8 
0 . 1 1 5 

1 0 0 . 0 0 0 
9 5 . 4 5 1 

* 
7 4 . 4 0 
1 2 . 4 0 

1 . 1 0 
0 . 0 4 
0 . 0 6 
0 . 4 9 
1 . 2 0 
5 . 0 0 
0 . 7 9 
2 , 1 0 , 

0 . 0 7 
0 . 0 5 

0 . 1 0 
9 9 . 9 8 

7 5 . 0 1 
1 2 . 5 0 

1 . 1 1 
0 . 0 4 
0 . 0 8 
0 . 4 9 
1 . 2 1 
5 . 0 4 
2 . 1 2 

0 . 0 7 
0 . 0 5 

O . I O 

1 6 . 2 1 0 
1 . 2 2 7 

2 9 . 7 8 6 
2 7 . 2 9 9 

1 . 1 9 4 

0 . 2 0 1 

1 . 1 1 1 
0 . 2 1 6 

1 . 9 9 1 

0 . 2 0 7 
0 . 1 1 5 

1 0 0 . 0 0 1 
9 5 , 9 1 8 

• 
7 6 , 6 0 
1 2 . 4 0 

0 . 7 5 
0 . 1 2 
0 . 0 9 
0 . 1 8 
1 , 4 0 
4 , 8 0 
0 . 8 1 
0 . 1 8 

0 . 0 4 
0 . 0 5 

0 . 0 1 
9 9 . 8 7 

7 7 . 1 5 
1 2 . 7 2 

0 . 7 4 
0 . 1 2 
0 . 0 9 
0 . 1 8 
1 . 4 1 

. 4 . 8 5 
0 . 1 8 

0 . 0 6 
0 . 0 5 

0 . 0 1 

3 8 . 4 7 1 
1 . 6 4 1 

2 8 . 6 4 1 
2 9 . 0 5 0 

0 . 5 0 9 

0 . 2 2 6 

0 . 7 1 2 
0 . 2 6 6 
0 . 1 4 5 

J 1 . 0 2 1 
0 . 1 1 5 

1 0 0 . 0 0 1 
9 8 . 5 1 $ 

• 
7 7 . 2 0 
12 .10 
0 .77 
0 .48 
0 .08 
0 . 2 1 
1.40 
4 . 9 0 
0 . 4 9 
0 . 1 1 

0 .09 
O.OS 

0r02 
9 9 . 9 1 

7 7 . 6 5 
1 2 . 1 7 

0 . 7 7 
0 . 4 8 
0 . 0 8 
0 . 2 1 
1 . 4 2 
4 . 9 1 
0 . 1 1 

0 . 0 9 
0 . 0 5 

0.1)2 

1 8 . 1 7 6 
0 . 9 6 0 

2 9 . 1 2 4 
2 8 . 9 1 7 

0 . 6 8 2 

0 . 2 0 0 
0 . 2 1 2 
1 . 1 2 1 

0 . 2 1 0 

0 . 0 4 1 
0 . 1 1 4 

1 0 0 . 0 0 1 
9 8 . 0 8 0 

* 
7 5 . 9 0 
1 2 . 1 0 

0 . 6 1 
0 . 5 2 
0 . 1 $ 
0 . 2 1 
1 . 7 0 
5 . 2 0 
0 . 9 5 
0 . 2 1 

0 . 0 7 
O.OS 

0 , 0 1 -
9 9 . 9 1 

7 6 . 7 0 
1 2 . 4 1 

0 . 6 4 
0 . 5 1 
0 . 1 5 
0 . 2 1 
1 . 7 4 
5 . 2 5 
0 . 2 1 

0 . 0 7 
0 . 0 5 

O.OS ° 

1 4 . 2 9 5 
0 . 4 0 4 

1 1 . 0 5 2 
1 1 . 6 1 8 

0 . 5 1 1 

0 . 1 7 8 
0 . 2 2 0 
0 . 9 2 1 

0 . 4 0 1 

0 . 0 6 2 
0 . 1 1 $ 

1 0 0 . 0 0 1 
9 7 . 9 0 0 

* 
7 7 . 8 0 
1 1 . 8 0 

0 . 7 7 
0 . 0 8 
0 . 1 4 
0 . 4 2 
2 . 7 0 
$ . 2 0 
0 . 9 0 
0 . 1 6 

0 . 0 5 

. 0 . 0 2 
1 0 0 . 0 1 

7 8 . 4*8 
1 1 . 9 0 

0 . 7 8 
0 . 0 6 
0 . 1 4 
0 . 4 2 
2 . 7 2 

. 5 . 2 $ 
0 . 1 6 

0 . 0 5 

0 . 0 2 

4 1 . 6 4 8 
1 . 1 4 6 

1 0 . 9 9 7 
2 1 . 0 4 7 

1 . 6 1 5 

0 . 1 5 2 

0 . 7 7 7 
0 . 1 7 0 

0 . 0 7 2 

0 . 0 4 1 
0 . 1 1 5 

1 0 0 . 0 0 0 
9 6 . 4 7 5 

« 
7 1 . 4 0 
1 1 . 2 0 

1 . 7 0 
0 . 1 2 
0 . 5 0 
0 . 8 5 
1 . 1 0 
6 . 0 0 
0 . 5 7 
0 . 1 4 
0 . 0 7 
0 . 0 4 
0 . 0 5 

0 . 0 4 
9 9 . 9 4 ' 

7 1 . 8 5 
1 1 . 2 8 

1 . 7 1 
0 . 1 2 
0 . 5 0 
0 . 8 4 
1 . 1 2 
4 . 0 4 
0 . 1 4 
0 . 0 2 
0 . 0 4 
0 . 0 5 

0 . 0 4 

1 0 . 4 6 6 
0 . 4 1 7 

1 5 . 6 7 2 
2 6 . 1 9 1 

1 . 2 1 6 

1 . 2 5 1 

1 . 7 1 0 
0 . 1 4 1 

0 . 1 6 2 
0 . 1 6 7 
0 . 0 7 0 
0 . 1 1 4 

1 0 0 . 0 0 0 
9 6 . 1 8 5 

* 
7 5 . 7 0 
1 1 . 0 0 

0 . 6 2 
0 . 2 0 
0 . 1 1 
0 . 2 4 
4 . 0 0 
4 , 4 0 
0 , 8 2 
0 , 1 0 

0 , 0 8 
0 , 0 5 
0 , 0 5 
0 , 0 5 

" 9 9 . 5 4 

7 6 . ^ 2 
1 5 . 1 9 

0 . 6 5 
0 . 2 0 
0 . 1 1 
0 . 2 4 
4 . 0 6 
4 . 4 7 
0 . 1 0 

0 . 0 8 
0 . 0 5 
0 . 0 5 
0 . 0 5 

5 5 . 8 2 4 
1 . 4 8 2 

2 6 . 5 8 6 
, 5 4 . 1 2 5 

0 . 6 6 S 
0 . 0 5 0 

0 . 2 7 8 

0 . 6 2 S 
0 . 1 9 8 
0 . 1 9 1 

0 . 0 6 5 
0 . 1 1 $ 

1 0 0 . 0 0 1 
9 6 . $ 2 9 

. 
7 1 . 9 0 
1 2 . 0 0 

1 . 1 0 
0 . 4 0 
0 . 7 7 
1 . 7 0 
1 . 1 0 
4 . 1 0 
5 . 8 0 
0 . 1 8 
0 . 1 4 
0 . 0 4 
0 . 0 5 

O . O I 
9 9 . 9 2 

7 6 . 8 9 
1 2 . 4 8 

1 . 1 4 
0 . 4 2 
0 . 8 0 
1 . 7 7 
1 . 1 5 
4 . 4 7 
0 . 1 9 
0 . 1 7 
0 . 0 4 
O.OS 

0 . 0 1 

4 7 . 5 7 7 
2 . 7 4 5 

2 4 . 4 1 4 
1 1 . 4 4 $ 

7 . 2 1 6 

1 . 9 9 5 

1 . 4 0 5 
0 . 0 1 8 
0 . 5 5 4 

0 . 1 9 4 
0 . 0 1 4 
0 . 1 1 8 

1 0 0 . 0 0 0 
9 5 . 4 4 1 

• 
7 5 . 5 0 
1 2 . 8 0 

0 . 2 7 
0.44 
0 .04 
0 .47 
1.40 
4 .80 
0 .89 
0 , 1 1 

O.OS 
O.OS 
0 .04 
0 .01 

- 9 9 . 0 7 -

74 .90 
11.04 

0 .27 
0.4S 
0 .04 
0 .48 
1.47 
4 . f '9 
0 .11 

0 . 0 1 
0 .05 
0 .06 
O.Pl 

14 .011 
1.074 

2S.8«n 
10.574 

1.978 
0 .101 

0 .152 
0.448 

.0 .199 

0 .211 

0 .021 
0 .114 

100.001 
98 .431 

. 
7 4 . 1 0 
1 1 . 5 0 

0 . 8 2 
0 . 0 4 
0 . 2 2 
0 . 6 7 
1 . 7 0 
7 . 8 0 
0 . 7 6 
0 . 1 7 

0 . 0 4 
O.OS 

0 .01 
—100.08 

7 6 . 8 1 
11.58 
0 .85 
O.Ol. 
0 .2? 
0.4> 
1 . 7 1 
7 . 8 5 
0 . 1 7 

n.04 
0 . 0 5 

0 . 0 1 

1 5 . 6 0 U 

4 6 . 4 1 0 
1 4 . 4 8 4 

0 . 7 1 7 

0 . 8 1 7 
0 . 5 5 2 

0 . 8 2 6 
0 . 1 7 1 
0 . 1 9 9 

o.r.2i 
0 . 1 1 4 

100.coo 
9 7 . J 0 I 

*#.-•*• »ii^!'(if-'?r^<nn?»*r,>(n'i:? ̂*r T<̂ T*̂ ^̂  r r * / - ' i * sr fif T i l ?t: f .n.v'V?p^r ! e * n w ? ^ V * - ^ . ' * r i r . ? * W T ^ 



FEMIC 10.811 4.570 4.062 1.685 1.922 2,101 1,$27 1,818 1.472 4,$19 1.168 2.499 
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ASH-ELOU TUFFS ANO ASSOCIATED ROCKS 

$4 

O 

O 

O 

o 

syMeoi 

SI02 
AL20I 
iF201 
FEO 
HGO 
CAO 
NA20 
K20 
H20 
1102 
1-205 
HNO 
(02 
CL 
f 
r o i A K - o ) 

ADJUSTED 
SI02 
AL201 
FE201 
(EO 
HGO 
CAO 
N4 20 
K20 
1102 
P20S 
MNO 
C02 
(L 
F 

NORHAIIVE 
f 
t 
OR 
AD 
AN 
HL 
UO 
EN 
(S 
HT 
IlM 
IL 
IN 
UU 
AP 
(R 
CC 
HG 
iOTAL 
SAllC 

. 
77,80 
12,10 
0.42 
0.14 
0.24 
0.11 
2.40 
4.10 
1.57 
0.11 

0.05 

0.02 
99.49 

OXIDES - M20 
79.29 
12.54 
0.41 
0.14 
0.24 
0.12 
2.45 
4.18 
0.11 

0.05 

0.02 

MINERALS -
47.451 
1.14 7 

25.894 
20.497 
1.094 

0.409 

0.142 
0.110 
0.252 

0.042 
0.114 

lOU.OOO 
98.509 

(REE 

H20 (REE 

• 

•..^•-^*.i«i7.'v*-»r'Vf •?!«(•«>*•>• Tri^'T'^tW 
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POST ASH-FLOW TUFF ANDESITES .AND ASSOCIATED ROCKS 

55 54 57 58 59 40 42 45 44 4$ 44 
SYHBOL 

S I 0 2 
A L 2 0 1 
f E 2 0 1 
(EO 
HGO 
CAO 
NA20 
K20 
h 2 0 
1 1 0 2 
P205 
HNO 
C02 
( I 

( 
I O M L ( - 0 > 

ADJUSTED 
S I 0 2 
A L 2 0 1 
( E 2 0 1 
(EO 
HGO 
CAO 
N A 2 0 

i f 2 0 
1 1 0 2 
P20S 
HNO 
C02 
C l 

( 
i i o r n A T i v E 
g 
c 
OR 
AH 
AN 
NE 
I I I 
UO 
EN 
( S 
( 0 
(A 
H I 
MM 
l l 
I N 
P ( 
Htl 
AP 
(R 

« 
5 7 . 1 0 
1 1 . 7 0 

5 . 5 0 
0 . 8 8 
4 . 7 0 
$ . 6 0 
2 . 6 0 
$ . 4 0 
2 . 4 0 
1 . 1 0 
0 . 6 9 
0 . 1 0 
0 . 0 $ 

0 . 1 2 
9 9 . 8 9 

OXIDES -
$ 8 . S 7 
1 4 . 0 5 

5 . 6 4 
0 . 9 0 
4 . 8 2 
5 . 7 4 
2 . 6 7 
5 . 5 4 
1 . 1 1 
0 . 7 1 
O . I O 
O.OS 

0 . 1 2 

MINERALS 
7 . 5 2 1 

• 1 2 . 7 1 2 
2 2 . 5 6 7 
1 0 . 0 1 4 

$ . 4 5 5 
1 2 . 0 0 7 

$ . 6 4 2 
2 . 1 2 6 
0 . 0 2 2 

1 . 6 7 6 
0 . 1 2 1 

« 
5 2 . 9 0 
1 6 . 1 0 

6 . 1 0 
1 . 9 0 
4 . 9 0 
7 . 0 0 
1 . 6 0 
2 . 6 0 
2 . 4 0 
1 . 0 0 
0 . 7 4 

0 . 0 6 

0 . 0 6 
9 9 . 7 1 

H20 (REE 
5 4 . 1 5 
1 6 . 7 5 

4 . 4 7 
1 .95 
5 . 0 1 
7 . 1 9 
1 . 7 0 
2 . 6 7 
1 . 0 1 
0 . 7 6 

0 . 0 6 

0 . 0 6 

- H20 (REE 
1 .9B2 

1 5 . 7 8 5 
1 1 . 2 9 4 
2 1 . 2 0 1 

1 . 8 0 7 
1 2 . 5 1 8 

1 . 1 1 4 
4 . 1 8 7 
1 . 9 5 1 

1 . 8 0 1 

« 
5 7 . 2 0 
1 5 . 8 0 

1 . 2 0 . 
4 , 2 0 
1 . 4 0 
5 , 9 0 
1 . 4 0 
2 . 4 0 
1 . 0 ? 
0 . 8 9 
0 . S 4 

0 . 0 7 

0 . 0 4 
9 6 . 4 9 

5 8 . 5 9 
1 4 . 1 8 

1 . 2 8 
4 . 1 0 
1 . 4 9 
4 . 0 4 
1 . 4 9 
2 . 6 6 
0 . 9 1 
0 . 5 5 

0 . 0 7 

0 . 0 4 

m 

5 7 . 1 0 
1 6 . 4 0 

5 . 8 0 
1 . 6 0 
2 . 9 0 
$ . 8 0 
I . 6 0 
2 . 9 0 
1 . 9 6 
1 . 0 0 
0 . 6 5 

0 . 0 1 

0 . 0 7 
9 9 . 9 6 

5 8 . 4 7 
1 6 . 7 1 

S . 9 2 
1 . 6 1 
2 . 9 4 
5 . 9 2 
1 . 4 7 
2 . 9 4 
1 . 0 2 
0 . 4 4 

O . O I 

0 . 0 7 

r 

9 . 9 1 4 

1 5 . 7 1 8 
1 1 . 2 0 4 
1 9 , 7 4 1 

2 . 5 7 7 
9 . 1 6 4 
1 . 6 8 7 

4 . 7 5 1 

1 . 7 1 1 

1 . 1 1 0 

1 1 . 5 8 2 

1 7 . 4 8 7 
1 1 . 0 8 4 
2 0 . 4 1 1 

1 . 8 5 4 
7 . 1 7 0 

2 . 1 0 4 
4 . 1 2 9 
1 . 9 1 8 

«• 

1 . 5 7 1 
0 . 0 2 $ 

« 
5 9 . 6 0 
1 5 . 4 0 

1 . 0 0 
5 . 5 0 
2 . 8 0 
$ . 1 0 
5 . 5 0 
1 . 9 0 
5 . 1 0 
0 . 7 2 
0 . 4 2 

O . O I 

0 . 0 4 
9 9 . 4 7 

4 2 . 1 8 
1 4 . 2 2 

i . i i 
1 . 4 5 
2 . 9 1 
5 . 1 0 
1 . 4 4 
1 . 9 8 
0 . 7 5 
0 ; 4 4 

0 . 0 1 

0 . 0 4 

1 8 . 1 4 1 

1 1 . 4 74 
1 0 . 7 9 f 
2 2 . 0 8 9 

0 . 5 1 5 
7 . 2 5 1 
2 . 4 6 8 

4 . 5 2 1 

1 . 4 2 2 

1 . 0 1 4 
O.OOS 

• 
5 2 . 1 0 
1 4 . 4 0 

8 . 1 0 
0 . 6 0 
4 . 5 0 
4 . 4 0 
1 . 7 0 
2 . 4 0 
1 . 0 0 
1 . 7 0 
0 . 8 1 
0 . 1 0 
0 . 0 2 

O . O I 
1 0 0 . 4 5 

5 1 . 1 4 
1 7 . 0 0 

6 . 5 0 
0 . 8 2 
4 . 4 1 
4 . 7 A 
1 . 7 9 
2 . 4 4 
1 . 7 4 
0 . 8 1 
0 . 1 0 
0 . 0 2 

0 . 0 1 

4 . 2 2 0 

1 4 . 5 2 4 
1 2 . 0 4 1 
2 2 . 1 1 9 

1 . 4 1 0 
1 1 . 4 7 7 

8 . 5 0 0 
1 . 9 4 9 
1 . 7 5 1 

1 . 9 4 $ 

* 
5 4 . 1 0 
1 4 . 1 0 

9 . 0 0 
0 . 9 2 
4 . 1 0 
6 . 7 0 
1 . 2 0 
2.00 
2 . 6 0 
1 . 6 0 

" 0 . 7 4 
0 . 0 9 
0 . 0 1 

0 . 0 1 
1 0 1 . 1 8 

5 4 . 7 7 
1 6 . 1 0 

9 . 1 1 
0 . 9 1 
4 . 1 5 
6 . 7 8 
1 . 2 4 
2 . 0 2 
1 . 8 2 
0 . 7 $ 
0 . 0 9 
0 . 0 1 

0 . 0 1 

1 0 . 6 2 1 

1 1 . 9 6 5 
2 7 . 4 1 1 
2 1 . 9 5 2 

0 . 9 8 5 
1 0 . 1 1 8 

9 . 1 1 1 
2 . 1 4 2 
1 , 4 7 8 

1 . 7 7 4 

« 
4 9 . 1 0 
1 7 . 6 0 

7 . 4 0 
I . S O 
4 . 5 0 
9 . 5 0 
2 . 8 0 
1 . 1 0 
1 . 4 0 
2 . 0 0 
0 . 4 1 
0 . 1 5 
0 . 2 2 

0 . 0 2 
9 9 . 6 9 

5 0 . 0 6 
1 7 . 8 7 

7 , 5 1 
1 , 5 5 
4 , 5 7 
9 . 6 5 
2 . 8 4 
1 . 1 2 
2 . 0 1 
0 . 4 2 
0 . 1 5 
0 . 2 2 

0 . 0 2 

5 . 9 1 1 

6 . 6 0 0 
2 4 . 0 5 6 
1 2 . 6 9 9 

4 . 6 0 1 
1 1 , 1 7 9 

6 . 0 6 $ 
5 , 5 5 1 
5 , 8 5 7 

0 , 9 8 6 

* 
5 8 , 5 0 
1 6 . 8 0 

2 . 7 0 
5 . 8 0 
5 . 5 0 
5 . 5 0 
5 . 7 0 
2 . 4 0 
1 . 6 1 
1 . 5 0 
0 . 4 5 
0 . 0 9 
0 . 0 $ 
0 . 0 1 
o.ps 

1 0 0 . 0 2 

$ 9 . 2 4 
1 7 . 0 7 

2 . 7 4 
5 . 8 6 
5 . 1 $ 
$ . 5 9 
5 . 7 6 
2 . 4 4 
1 . 5 2 
0 . 4 4 
0 . 0 9 
0 . 0 $ 
0 . 0 1 
0 . 0 $ 

1 1 . ( 6 1 

, 1 4 . 4 1 2 
5 1 . 7 4 0 
2 2 . 5 4 2 

0 . 0 1 7 
0 . 8 0 5 
8 . 1 5 2 
2 . 8 1 5 

5 . 9 7 8 

2 . $ 0 9 

1 . 0 5 $ 
0 . 0 2 4 

* 
5 1 . 9 0 
1 4 . 7 0 

9 . 1 0 
1 . 0 0 
4 . 1 0 
6 . 7 0 
1 . 6 0 
2 . 1 0 

I .so 
1 . 8 0 
0 . 4 9 
0 . 1 2 
0 . 0 $ 

0 . 1 1 
9 9 . 8 4 

5 1 . 8 7 
1 1 . 2 4 

9 . 4 $ 
1 . 0 4 
4 . 2 4 
4 . 9 $ 
1 . 7 4 
2 . 1 9 
1 . 8 7 
0 . 7 2 
0 . 1 2 
0.0$ 

O . l l 

4 . 5 5 1 

1 4 . 1 0 8 
1 1 , 4 2 1 
1 7 , 8 1 1 

1 , 8 2 7 
1 0 . 4 0 0 

9 . 6 5 4 
2 , 4 5 9 
1 , 4 0 8 

1 . 6 9 4 
0 . 1 4 4 

• 
5 0 . 0 0 
1 4 . 9 0 

8 . 7 0 
1 . 7 0 
4 . 4 0 
7 . 9 0 
2 . 7 0 
1 . 8 0 
1 . 8 0 
1 . 4 0 
0 . 4 7 
0 . 1 6 
0 . 0 5 
0 . 0 1 
0 . 0 9 

1 0 0 . 0 4 

5 1 . 9 S 
1 5 . 4 S 

9 . 0 4 • 
1 . 7 7 
6 . 6 5 
8 . 2 1 
2 . 8 1 
1 . 8 7 
1 . 4 5 
0 . 4 9 
0 . 1 7 
0 . 0 5 
0 . 0 1 
0 . 0 9 

5 . 4 4 1 

1 1 . 0 5 2 
2 1 . 6 6 ? 
2 4 . 1 6 8 

0 . 0 1 7 
5 . 2 9 0 

1 6 . 5 6 2 

2 . 0 2 0 
7 . 6 4 7 
2 . 7 6 1 

1 . 1 5 7 
0 , 1 0 1 

* 
4 8 , 1 0 
1 4 , 9 0 
1 0 , 0 0 

1 . 5 0 
6 . 0 0 
7 . 9 0 
2 . 9 0 
2 . 0 0 
4 . 5 0 
1 . 6 0 
O.SO 
0 . 1 4 
0 . 0 5 

0 . 0 7 
1 0 0 . 1 1 

5 0 . 1 0 
1 5 . 5 8 
1 0 . 4 6 

1 . S 7 
6 . 2 7 
8 . 2 6 
1 . 0 1 
2 . 0 9 
1 . 6 7 
0 . 5 2 
0 . 1 5 
0 . 0 5 

0 . 0 7 

2 . 1 9 6 

1 2 . 1 5 9 
2 S . t 6 0 
2 2 . 7 2 5 

S . 9 7 S 
1 5 . 6 2 4 

0 . 6 8 4 
9 . 9 4 5 
1 . 1 7 8 

1 . 2 1 8 
0 . 0 5 5 

.-.i.-««-*.rir,i.«H«.i«i,-w*irM«T»an.j«*«.'!ii«.W|t*'ni>!NTe«a?-a!W»MW#ll5»l9"aW 



CC 
TOTAL 
SALIC 
(EMIC 

0.117 
100.001 
72.814 
27.147 

0.140 
100.004 
72.266 
27.718 

0.161 
100.005 
76.599 
21.406 

0.021 
100.000 
80.$8$ 
19.41$ 

0.024 
100.000 
82.719 
17.281 

0.047 
100.026 
72.92$ 
27,101 

0.021 
100.022 
71.911 
26.071 

0.508 
100.012 
69.265 
10.724 

0.116 
100.001 
80.572 
19.429 

0.118 
100,001 
70.095 
29.908 

0.118 
100.002 
44.541 
55.459 

0.119 
100.002 
65.159 
56.862 
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POST ASll-FLOW TUFF ANDESITES AND ASSOCIATED ROCKS 

67 68 69 70 71 72 71 74 7$ 76 77 78 

CJ 

I 
' o 
i 
1 

. o 
I 
i o 

! « 

' o 

I 

I ' 
! O 

SYHBOL 

S I 02 
A L 2 0 1 
( c 2 0 I 
(EO 
HGO 
CAO 
HA20 
K20 
H20 
1 102 
E'20$ 
MHO 
CO? 
f l 

( 
I O I A l ( - O I 

ADJUSTED 
!. 102 
A L 2 0 1 
( E 2 0 1 
( E l 
MGO 
(AO 
MA 20 
r 2 0 
1102 
P205 
UNO 
CO? 
C l 

( 
NOHHAI IVE 
0 

c 
OR 
A9 
AN 
NE 
111 
UO 
EN 
( S 
( 0 
(A 
H I 
MH 
l l 
I N 

.»( 
RU 
AP 
(R 

* 
4 8 . 0 0 
1 6 . 5 0 
1 1 . 7 0 

0 . 8 4 
4 . 9 0 
7 . 1 0 
2 . 9 0 
1 . 7 0 
1 . 2 0 
2 . 1 0 
0 . 6 1 
0 . 1 6 
0 . 0 5 

0 . 0 6 
1 0 0 . 0 1 

o m D E S -
4 9 . 5 8 
1 7 . 0 4 
1 2 . 0 8 

0 . 8 7 
5 . 0 6 
7 . 5 4 
1 . 0 0 
1 . 7 6 
2 . 1 7 
0 . 6 5 
0 . 1 7 
O.OS 

0 . 0 6 

NINERALS 
4 . 7 6 9 

1 0 . 3 7 6 
2 5 . 1 4 6 
2 7 . 8 7 1 

0 . 5 7 8 
1 2 . 6 0 5 

1 2 . 0 8 5 
2 . 1 8 6 
2 . 4 9 8 

1 . 5 4 1 
0 . 0 0 8 

• 
5 2 . 1 0 
1 4 . 0 0 

9 . 0 0 
1 . 5 0 
1 . 7 0 
6 . 9 0 
5.70 
2 . 0 0 
2 . 2 0 
1 . 9 0 
0 . 6 / 
0 . 1 1 
0 . 0 5 
0 . 0 2 
0 . 1 2 

1 0 0 . 1 1 

H20 (REE 
5 1 . 4 0 
1 6 . 1 4 

9 . 1 9 
1 . 5 3 
1 . 7 8 
7 . 0 5 
1 . 7 8 
2 . 0 4 
1 .94 
0 . 4 8 
O . l l 

o.ns 
0 . 0 2 
0 . 1 2 

- H20 (REE 
6 . 9 f 9 

1 2 . 0 6 8 
1 1 . 8 1 7 
2 1 . 6 6 8 

0 . 0 3 4 
1 . 2 1 1 
9 . 4 0 9 

9 . 1 9 0 
1 . 5 1 9 
0 . 2 1 4 

1 . 6 2 0 
0 . 1 2 4 

* 
5 5 . 1 0 
1 4 . 9 0 

4 . 2 0 
2 . 7 0 
1 . 8 0 
4 , 0 0 
4 . 2 0 
2 . 4 0 
1 . 4 0 
1 . 1 0 
0 . 5 5 
O . l l 
0 . 0 5 

0 . 0 4 
9 9 . 1 4 

5 4 . 4 9 
1 7 , 1 1 

4 , 1 1 
2 , 7 7 
1 . 9 0 
4 . 1 5 
4 . 1 1 
2 , 4 7 
1 , 1 1 
0 , 5 4 
0 , 1 1 
0 , 0 5 

0 . 0 6 

5 . 1 9 1 

1 5 . 7 5 1 
1 6 . 4 1 4 
2 0 . 0 7 5 

2 . 6 5 2 
9 . 7 0 2 

5 . 4 2 6 
0 . 5 6 1 
2 . 5 1 1 

1 . 1 1 6 
0 . 0 2 1 

* 
5 8 . 2 0 
1 6 . 1 0 

2 . 9 0 
1 . 9 0 
1 . 4 0 
l . S O 
1 . 8 0 
1 . 5 0 
2 . 6 4 
0 . 8 9 
0 . 2 4 
0 . 1 4 
0 . 7 4 

0 . 0 1 
9 9 . 9 9 

5 9 . 7 9 
1 6 . 5 4 

2 . 9 8 
4 . 0 1 
1 . 4 9 
5 . 6 0 
5 . 9 0 
5 . 6 0 
0 . 9 1 
0 . 2 5 
0 . 1 6 
0 . 7 6 

0 . 0 1 

1 1 . 5 2 9 
2 . 0 6 4 

2 1 . 2 4 6 
1 1 . 0 1 1 
1 1 . 1 5 6 

8 . 6 9 8 
1 . 6 9 2 

4 . 1 1 9 

1 . 7 1 6 

«• 
0 . 5 8 4 
0 , 0 1 8 

. 
5 5 . 1 0 
1 7 . 4 0 

5 . 0 0 
0 . 6 0 
1 . 5 0 
6 . 2 0 
2 . 8 0 
1 . 1 0 
7 . 0 0 
0 . 7 2 
0 . 1 0 
0 . 0 4 
0 . 0 1 

9 9 . 7 7 

5 9 . 1 9 
1 8 . 7 6 

5 . 1 9 
0 . 6 5 
1 . 7 7 
6 . 6 8 
1 . 0 2 
1 . 1 9 
0 . 7 8 
0 . 1 2 
0 . 0 4 
O . O I 

1 8 . 2 9 8 
1 . 1 5 6 
7 . 0 0 7 

2 5 . 5 1 9 
5 0 . 9 7 4 

9 . 1 9 6 

5 . 1 9 0 
1 . 4 5 8 

0 . 0 0 6 
0 . 7 6 6 

* 
6 2 . 8 0 
1 7 . 7 0 

2 . 1 0 
2 . 4 0 
1 . 8 0 
$ . 1 0 
1 . 7 0 
2 . 4 0 
1 . 2 9 
0 . 4 5 
0 . 1 9 
0 . 0 6 
0 . 0 2 

0 . 0 9 
1 0 0 . 2 6 

6 1 . 4 5 
1 7 . 8 8 

2 . 1 2 
2 . 4 2 
1 . 8 2 
5 . 1 5 
1 . 7 4 
2 . 4 2 
0 . 6 4 
0 . 1 9 
0 . 0 4 
0 . 0 2 

0 . 0 9 

1 8 . 7 1 8 
0 . 4 4 $ 

1 4 . 1 1 0 
1 1 . 4 1 4 
2 1 . 4 4 2 

4 . 5 2 9 
1 . 7 2 6 

1 . 0 7 4 

1 . 2 4 7 

0 . 4 5 5 
0.152 

* 
4 8 . 8 0 
1 7 . 7 0 

$ . 2 0 
4 . 0 0 
4 . 9 0 
9 . 2 0 
2 . 7 0 
0 . 6 4 
1 . 8 8 ' 
2 . 0 0 

. 0 . 1 $ 
0 . 1 4 
0 . 0 $ 

0 . 0 2 
9 9 . 7 9 

4 9 . 8 4 
1 8 . 0 8 

$ . 1 1 
4 . 1 1 
$ . 0 0 
9 . 4 0 
2 . 7 4 
0 . 8 6 
2 . 0 4 
0 . 1 4 
0 . 1 4 
0 . 0 $ 

0 . 0 2 

4 . 1 5 6 

5 . 1 9 0 
2 1 . 1 1 4 
1 4 . 1 5 4 

4 . 0 0 9 
1 2 . 4 6 4 

1 . 7 5 8 

7 . 7 0 0 

1 , 8 7 9 

0 , 8 4 7 

* 
5 1 , 6 0 
1 5 , 8 0 

6 , 9 0 
1 , 6 0 
1 , 9 0 
6 , 2 0 
5 , 0 0 
2 , 7 0 
2 , 7 0 
1 , 5 0 
0 . 6 2 
0 . 0 9 
0 . 0 6 

0 . 0 4 
9 8 . 7 1 

5 5 . 8 1 
1 6 . 4 6 

7 . 1 9 
1 . 6 7 
4 . 0 6 
6 . 4 6 
1 . 1 2 
2 . 8 1 
1 . 5 6 
0 . 6 5 
0 . 0 9 
0 . 0 8 

0 . 0 4 

1 0 . 0 6 7 

1 6 . 6 1 8 
2 6 . 4 1 9 
2 2 . 5 7 1 

1 . 9 7 0 
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CC 0.117 0.116 0.117 1.729 0.02$ 0.046 0.116 0.169 0,809 0,021 0.2II 0.021 
TOTAL 100.002 100.002 100.001 100.002 100.017 100.001 100.008 100.010 100.001 100.001 100.011 100.001 
SAIIC 68.181 72.174 77.4$2 79.22$ 82.974 86.747 47.214 71.49$ 49.748 84,284 44,482 85.584 
(EHIC 51,419 27,426 22,150 20,777 17,045 11.254 52,774 24.516 50,255 15,71$ 55.$51 14.41$ 
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POST ASH-FLOW TUFF ANDESITES AND ASSOCIATED ROCKS 
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Table 2.—Location and correlation of analyzed samples and key to 
analytical methods. [Informal geologic names used here are largely 
from Ratte and Gaskill, 1975; Ratte, 1977, or are related to 
geologic mapping in progress, except as otherwise noted.] 
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Table 3.—Description of analyzed rocks 

Group I - Early andesitic rocks 

Sample Field 
no. no. 

1 SP-33-75 Gray, porphyritic lava flow in upper part of 
early andesitic complex. Contains micropheno­
crysts of olivine and pyroxene as well as 
plagioclase. 

2 SP-7E-76 Gray, porphyritic, glassy monomictic vent(?) 
breccia with abundant plagioclase (andesine) and 
biotite phenocrysts, and amphibole and ortho­
pyroxene microphenocrysts. 

3 DM-3-76 Highly porphyritic, dull black glassy plug rock 
with abundant phenocrysts of plagioclase, 
pyroxene, and opaque oxide, 

4 GR-88A Blue-gray, porphyritic flow rock with about 15 
percent 1-3 mm plagioclase and oxidized mafic 
phenocrysts. -

. 5 GR-79C Red, porphyritic flow rock with about 25 percent 
1-4 mm plagioclase and minor biotite crystals 
from area of steep flow layering that may mark 
a plug. 

6 GR-76A Red, porphyritic flow rock with about 10-15 percent 
plagiocilase and sparse green pyroxene phenocrysts, 

7 GR-95A Light-gray porphyritic flow rock with 1-3 mm altered 
feldspar phenocrysts in a pyritized and argillically 
altered matrix- Mafic phenocrysts,. probably biotite, 
almost completely sericitized, 

8 GR-47 Black rock with vitreous appearance has scattered 
pink feldspar crystals and glomeroporphyritic groups 
of plagioclase, pyroxene, and opaque oxide crystals 
in an aphanitic but holocrystalline matrix of flow-
alined plagioclase microlites. 

9 GR-41A Gray vitrophyre with about 20-25 percent 1-5 mm white 
plagioclase (andesine) and 1 mm biotite books in a 
colorless glass. Minor pyroxene, xenocrystic(?) 
quartz, opaque oxide, and zircon. Another sample 
has K-Ar ages of 29.6+1.0 (sanidine) and 29.3+1,0 
(biotite) m.y, 

10 GR-35B Fine-grained, light-gray, granitic rock with some 
1-4 mm plagioclase phenocrysts, sparse altered biotite, 
and disseminated pyrite. The potassic feldspar has a 
K-Ar age of 29,7+1,0 m,y. 



Table 3.—cont. 

Sample Field 
no. no, • 

11 GR-33A Fine-grained, dark-gray, vesicular flow rock with 
scattered olivine and pyroxene grains in a microlitic 
matrix of plagioclase (labradorite), Flows may corre­
late with andesitic flows that are younger than the 
volcanic complex of Alimi Mountain. 

12 GR,-21D Light-gray, fluidal, aphanitic rhyolite dike with sparse 
sodic plagioclase phenocrysts <1 mm long. Veinlets of 
quartz and magnetite commonly parallel the fluidal structure. 

13 GR-20H Light-gray, porphyritic flow rock with 10-15 percent 1-4 mm 
white plagioclase phenocrysts, partly sericitized biotite, 
greenish-yellow pyroxene, and rare quartz grains in an 
aphanitic matrix. 

14 GR-18F Dark-greenish-gray, porphyritic flow rock with abundant 
plagioclase (andesine) phenocrysts and biotite, altered 
pyroxene, and sparse amphibole microphenocrysts. Some 
granophyric quartz amd feldspar in matrix. 

15 GR-14 Dark-gray to black flow with with 4-5 mm plagioclase 
phenocrysts (andesine) in an aphanitic matrix of micro­
phenocrysts and microlitic plagioclase, Micropheno­
crysts are biotite, pyroxene, and brown hornblende; 
rock also contains sparse rounded quartz xenocrysts. 

16 GR-13B Dark-gray, sparsely porphyritic rock from small stock 
or dike. Phenocrysts (10-15 percent) include plagioclase 
(oligoclase-andesine) , biotite., and pyroxene. Rare 
quartz and sanidine xenocrysts(?), 

17 GR-128C Black vitrophyre with about 5 percent plagioclase 
(oligoclase-andesine), biotite, and pyroxene phenocrysts, 
Perlitic glass matrix is crowded with flow-alined 
microlites. 

Group II - Ash-flow tuffs and associated rocks 

18 GR-50C Reddish-brown," densely welded tuff with about 40 percent 
small phenocrysts, mainly plagioclase (andesine), minor 
biotite and opaque oxide, and rare pyroxene, zircon, 
and brown hornblende; from upper part of Cooney Tuff 
sequence of ash flows. 

19 MR-4A-76 Pink to red, densely welded phenocryst-poor ash-flow 
tuff with 5-10 percent sanidine, partly argillized 
sodic plagioclase, and rare quartz phenocrysts from 
lithophyssal zone in bottom of 'Thitewater Canyon, 



Table 3.—cont. 

Sample Field 
no. no. 

20 GR-59A Greenish-gray, propylitically altered, densely welded 
ash-flow tuff with 30-40 percent altered plagioclase, 
biotite, and pyroxene phenocrysts. 

21 GR-216A- Light-lavender-gray, densely welded ash-flow tuff with 
25-30 percent 1-3 mm quartz and sanidine and minor 
plagioclase phenocrysts; practically no mafic minerals 
other than rare oxidized biotite and opaque oxide. 

22 MR-llB-74 Light-lavender-gray, moderately welded, ash-flow tuff 
with 20-30 percent quartz, plagioclase, and sanidine 
phenocrysts and accessory biotite, opaque oxide, zircon, 
and apatite in a devitrified vitroclastic matrix. 
Irregiilar, angular quartz phenocrysts as large as 1/2 cm. 

23 GR-157H Light brown, pumice-rich, moderately welded ash-flow 
tuff with less than 5 percent tiny quartz, plagioclase, 
and sanidine (moonstone) phenocrysts. Compacted dark-
brown to creamy-white pumice fragments are as much as 
several centimeters long, 

24 MR-31-74 Light gray to nearly white, partially welded, porous 
vaporphase ash-flow tuff with rare tiny quartz, sani­
dine, and plagioclase phenocrysts, and small gray 
eutaxitic pumice generally <1 cm long in a devitrified 
microcrystalline matrix. 

25 GR-70B Pinkish-brown, finely eutaxitic to fluidal, phenocryst-
poor, densely welded ash-flow tuff near base of unit. 
Five to ten percent phenocrysts are mostly sanidine and 
plagioclase plus accessory biotite, brown hornblende, 
pyroxene, sphene, zircon, and"apatite. 

26 GR.-142C Pinkish-gray, densely welded tuff with abundant small 
white feldspar phenocrysts and scattered bronze biotite 
1-2 mm in diameter, from near top of ash-flow tuff sheet. 

27 SP-5B-75 Red, densely welded ash-flow tuff with 20-25 percent 
phenocrysts of sdined glassy plagioclase, and rare 
sanidine, scattered brown biotite, and sparse green 
pyroxene in a devitrified matrix. Sample is from 10-20 
meters below top of ash-flow tuff sheet. 

28 GR-70H Light- to medium-gray, fine-grained flow rock with small 
plagioclase laths and dark-green pyroxene grains 1 mm 
or less in a fairly coarse microlitic matrix. 



Table 3.—cont. 

Sample 
no. 

29 

Field• 

no. 

GR-18GJ 

30 DG-155 

31 DG-344 

Reddish-brown, porphyritic flow rock with about 10 
percent 1-4 mm plagioclase (andesine) laths and sparse 
pyroxene and opaque oxide microphenocrysts in a felted 
microlitic matrix. Mafics are highly oxidized. 

Light-gray, densely welded ash-flow tuff with abundant 
quartz and sanidine phenocrysts and accessory brown 
hornblende, opaque oxides, sphene, biotite, and zircon 
in a mlcroeutaxitic to granophyric matrix. 

Light-gray, densely welded ash-flow tuff with abundant 
quartz and sanidine phenocrysts and minor accessory 
biotite, sphene, and opaque oxides in a devitrified 
matrix. 

32 GR-8B Light-gray, moderately to densely welded ash-flow tuff 
with 10-20 percent quartz and sanidine phenocrysts and 
eutaxitic pumice several cm long in a granophyric to 
cryptocrystalline matrix. 

33 GB.-129A Light-gray, densely welded ash-flow tuff with eutaxitic 
white pumice several cm long and 10-15 percent 1-3 mm 
phenocrysts of sanidine and amoebic quartz grains, and 
smaller, yellow, euhedral sphene grains, opaque oxide, 
and rare brown hornblende and biotite in an aphanitic 
devitrified matrix. 

34 MR-41-74 Pink, densely welded ash-flow tuff with 20-25 percent 
1-3 mm quartz and sanidine phenocrysts in a devitrified 
eutaxitic matrix. Rare accessory minerals include sodic 
plagioclase, opaque oxide, sphene, biotite, and zircon. 

35 DG-176 Pink, densely welded ash-flow tuff with abundant quartz 
and sanidine phenocrysts in a devitrified cryptocrystal­
line matrix. 

36 DG-347 Reddish-brown, densely welded ash-flow tuff with 25-30 
percent feldspar and scattered biotite phenocrysts. 
Quartz, sphene, and opaque oxides common in a devitrified 
matrdLx. 

37 DG-342 Reddish-gray, densely welded ash-flow t-uff with abundant 
feldspar, quartz, and biotite phenocrysts in an aphanitic, 
devitrified matrix. 

38 GR-99G Reddish-gray, densely welded ash-flow tuff with 55 percent 
1-3-mm phenocrysts, which include white, somewhat skeletal 
sanidine, glassy plagioclase, quartz, rare black biotite 
and accessory opaque oxide, sphene, zircon, and apatite in 
a devitrified mlcroeutaxitic, cryptocrystalline to 
granophyric matrix. 



Samole 
no. 

39 

Field . 
no. 

GR-107C 

Table 3.—cont. 

Reddish-brown, densely welded ash-flow tuff that contains 
abundant phenocrysts of sanidine with a sericitic sheen, 
and quartz in a devitrified cryptocrystalline matrix with 
granophyric eutaxitic pumice. Rock looks similar to tuff 
of Apache Spring, but rare plagioclase and foreign lithic 
fragments support its chemical similarity to Bloodgood 
Canyon Tuff, and thus sample is apparently from a block 
of Bloodgood Canyon Tuff enclosed in the younger tuff of 
Apache Spring. 

40 GR-71A Gray, porphyritic flow rock with 15-20 percent 1-3 mm 
quartz and feldspar phenocrysts in an aphanitic grano­
phyric to micropegmatitic matrix. Rare biotite is 
largely altered, to sericite. 

41 GR-84B Pink, porphyritic flow rock with 1-4 mm perthitically 
altered pink sanidine and quartz phenocrysts. Sparse 
plagioclase and accessory biotite, opaque oxide, apatite, 
sphene, and zircon are present in a micropegmatitic matrix. 

42 GR-62F Reddish-gray, porphyritic flow rock with 10-15 percent 
argillized feldspar and altered mafic phenocrysts in an 
aphanitic granophyric to micropegmatitic matrix. 

43 GR-IOIC Gray, porphyritic flow rock with about 30 percent quartz 
and feldspar phenocrysts in an aphanitic matrix that 
contains sparse opaque oxide, biotite, apatite, and 
zircon, and has a granophyric to micropegmatitic texture. 

44 GR-34A Light-gray, aphanitic rhyolite with <1 percent very 
sparsely scattered 1-2 mm quartz and sanidine phenocrysts 
and a rare flake of biotite , I^ite lenticular litho­
physae commonly have a medial lens of tridymite, 

45 GR-74B Light-gray, rhyolite porphyry with <5 percent inconspicuous 
quartz and sanidine phenocrysts in an aphanitic micro­
pegmatitic to aplitic matrix containing ntmierous plumose 
spherulites. 

46 GR.-200B ^^ite, friable, lithophysal rhyolite with 5-10 percent 
sanidine and amethystine quartz phenocrysts as much as 
1/2 cm in diameter. Crystalline hematite or other 
metallic oxides project into some lithophysal cavities. 

47 GR-125C Light-gray to nearly white, strongly flow-banded porphy­
ritic rhyolite with about 5 percent quartz and sanidine 
phenocrysts as much as 1/2 cm in diameter in an aphanitic 
granophyric to micropegmatitic matrix. Wisps of fine 
muscovite, rare oxidized biotite, and sphene in thin 
sections. Vugs 1-2 cm long are alined with amethystine 
quartz. 



Sample Field 
no. no. 

48 GR-59B 

49 GR-56B 

50 DG-161 

Table 3.—cont. 

Light-pinkish-gray rhyolite porphyry dike with about 
1-2 percent, 1-2 mm quartz phenocrysts. and rare 1-3 mm 
pink sanidine phenocrysts, and a rare flake of biotite 
in an aphanitic granophyric to spherulitic matrix. 

Light-pinkish-gray, porphyritic flow rock with about 
20 percent 1-4 mm phenocrysts and microphenocrysts 
that are predominantly sodic plagioclase, and some 
quartz plus biotite, brown amphibole, pyroxene and 
opaque oxide, sphene, and zircon in a spherulitic 
to glassy matrix. 

Light-gray rhyolite flow rock with about, one or two 
percent scattered quartz phenocrysts in'an aphanitic 
matrix. 

51 GR-113B Light-pink, pumiceous, poorly welded ash-flow tuff with 
about 20 percent quartz, feldspar, and biotite pheno­
crysts mostly <"l mm, and a few lithic lapilli in a 
devitrified cryptocrystalline matrix. 

52 DG-175 Light-brown to white flowbanded rhyolite with about 
1 percent qtiartz, sanidine, and plagioclase micro­
phenocrysts in a spherulitic to cryptocrystalline matrix. 

53 GR-54G Light-lavender-gray, irregularly fluidal rhyolite with 
about 1 percent 1̂-2 mm pinkish-white plagioclase 
crystals in an aphanitic cryptocrystalline. to granophyric 
matrix. 

54 GR-66B Massive, white, aphanitic rhyolite with less than 1 
percent tiny quartz and feldspar crystals in a micro­
granular matrix much clouded with fine clay-

Group III Post-ash-flow tuff andesites and associated rocks 

55 

56 

DG-10 

MR-7-74 

Gray, amygdaloidal, aphanitic flow rock with rate 
yellow-green pyroxene crystals <1 mm long and sparse 
but conspicuous small quartz xenocrysts. 

57 MR-6-74 

58 

Dark-gray, aphanitic flow rock with small white amygdules 
and scattered brown, oxidized mafic phenocrysts generally 
<1 mm long. Rock is about 98 percent flow-alined plagioclase 
microlites with, scattered red-orange iddingsite after olivine. 

Gray-black, subvitreous, amygdaloidal flow rock with sparse 
tiny glassy-brown oUvine grains in an aphanitic matrix. Micro­
phenocrysts (<5 percent) of plagioclase, pyroxene, and olivine 
are in a flow-alined microlitic plagioclase matrix. 

MR-43A-74 Zebra-striped (flow-banded) purplish-gray rock with sparse 
tiny oxidized mafic crystals in a matrix of microlitic 
plagioclase. 



Table 3.—cont. 

Sample 
no. 

Field 
no. 

59 iIR-51A-74 Black, glassy flow rock with small white amygdules and 
sparse glomeroporphyritic clots. About 1 percent plagio­
clase (andesine-labradorite) and pyroxene micropheno­
crysts in a matrix of fine-grained plagioclase and 
mafic granules with an intersertal texture. 

60 MR-81B-75 Gray, aphanitic, vesicular flow rock with a flow-alined 
microlitic texture of andesine-labradorite microlites 
and opaque oxide and pyroxene granules.' Sample is from 
flows above- 20-meter purplish-gray sandstone lens within 
flow sequence. 

61 MR-81A-75 Reddish-brown, aphanitic, vesicular flow rock with a 
dictytaxitic, microlitic matrix which contains abundant 
small subhedral opaque grains and local areas of ophitic-
textured pyroxene and plagioclase. 

62 OB-4E.-76 Gray, massive, aphanitic flow rock with tiny (<1 mm) rare 
olivine phenocrysts. Flow-alined microlitic plagioclase 
matrix 'contains sparse iddingsitic olivine and pyroxene 
microphenocrysts. 

63 GR-54A BlacJc, subvitreous, massive flow rock with a few scattered * 
1-2 mm plagioclase phenocrysts. Sparse andesine and both 
clinopyroxene and orthopyroxene in a microlitic plagioclase 
and cryptocrystalline matrix. Rare but conspicuous quartz 
xenocrysts have reaction borders of pyroxene. 

64 GR-6B Gray, finely vesicular flow rock with andesine and clino­
pyroxene in dichtytaxitic, microlitic texture with sparse 
scattered opaque oxide and pyroxene microphenocrysts, 

65 GR-6A Dark-gray, blotchy, massive flow rock ̂ -Tith a diabasic. texture 
of clinopyroxene, altered olivine, andesine, and opaque oxide. 

66 DG-6 Brownish-gray, dichtytaxitic to diabasic, amygdaloidal 
flow rock with common opaque oxide and minor plagioclase and 
clinopyroxene phenocrysts. 

67 DG-5 Dark-gray, aphanitic flow rock with clinopyroxene and 
opaque oxide grains in a dichtytaxitic microlitic plagio­
clase matrix. 

\ 

68 DG-3 Brownish-gray, aphanitic flow rock of clinopyroxfene grains 
and trachytoid plagioclase. 

69 GR-llOA Gray, aphanitic flow rock with a few small vesicles and 
microphenocrysts of plagioclase, and rare pyroxene in a 
flow-alined matrix of microlitic plagioclase. 



Table 3.—cont. 

Sample Field 
no, no. 

70 GR-176A Greeriish-gray, fine-grained, intrusive rock consisting 
largely of altered subhedral plagioclase crystals with 
interstitial microlitic to micropegmatitic quartz and 
feldspar. 

71 1IR-48D-74 Gray, fine-grained, hypabyssal intrusive rock with small 
1-4 mm plagiocilase (andesine) and hornblende phenocrysts 
in a fine-grained matrix. 

72 EP-3-75 Gray, fine-grained hypabyssal intrusive rock with abundant 
1 mm and smaller plagioclase and pyroxene phenocrysts 
in a cryptocrystalline to glassy matrix. Orthopyroxene 
is more abundant than augitic pyroxene. 

73 SP-50A-75 Mottled gray flow rock with labradorite phenocrysts 
several cm long locally, and augitic pyroxene phenocrysts 
as much as 1-2 cm long. Plagioclase, olivine, and pyro­
xene intergrown in a subophitic texture. 

74 0B-7E-76 Dark-gray, fine-grained amygdaloidal flow rock. Felted 
microlitic labradorite forms polygonal to radial mosaic 
pattern with interstitial olivine, pyroxene, and opaque 
oxide grains. 

75 SP-42-75 Black, vesicular, subvitreous flow rock with sparse small 
(1 mm) olivine and plagioclase phenocrysts in a very fine 
grained microlitic matrix of flow-alined andesine and 
interstitial pyroxene. 

76 SP-27B-75 Gray, fine-grained hypabyssal intrusive rock with abundant 
andesine, hornblende, and pyroxene phenocrysts 1-2 mm 
or smaller in a microgranular matrix. 

77 BR-10-74 Dark-gray, aphanitic flow rock with about 10 percent small 
phenocrysts and microphenocrysts of andesine-labradorite, 
olivine, and opaque oxide in a microlitic plagioclase 
matrix. 

78 BB-16E-76 Gray, porphyritic hypabyssal intrusive rock with about 
15 percent phenocrysts including pink plagioclase and 
amethystine quartz as much as 1 cm long, and smaller 
mafic phenocrysts of biotite, greenish-yellow hornblende, 
sphene, and pyroxene. Some of quartz phenocrysts (or 
xenocrysts) have reaction rims with pyroxene; others 
show only corroded borders. 

79 GL-2-74 Dark-gray, finely vesicular aphanitic flow rock with 
sparse green olivine crystals. Microscopically, rock 
has a diabasic texture of calcic plagioclase laths, 
olivine, and pyroxene. 

8 



Table 3.—cont. 

Sample Field 
no, no, 

80 GR-30C Dark-gray to black, massive to vesicular, aphanitic 
flow rock with sparsely scattered olivine and pyroxene 
microphenocrysts in a poorly alined microlitic plagio­
clase matrix. 

81 GR-26D Dark-gray, flow-banded, aphanitic flow rock with rare 
small (<1 cm) ultramafic inclusions. Less than 1 percent 
olivine phenocrysts in a well-alined microlitic plagio­
clase matrix with interstitial olivine and pyroxene and 
opaque oxide grains. 





I ' lgure 2,—AFH p l o t of volcanic rociit 

f roa p a r t of the Hogollon-Datl l 

vo lcan ic f i e l d . All valuea In 

weight percen t 

1. EARLY ANneSITIC ROCKS *.• 

1 . ASII-noU TUFFS AHD » ^ 
ASSOCIATED ROCKS 

1. POST ASII-FLOU TUFF * 
ANDESITES AND ASSOCI- * * 
ATED ROCKS 

r - FeO * O . B 9 8 B F e . O . 

A - H B J O • KjO 
H - HgO 



Flp.ure J .—Clans If lent . ion (tloRrom for nulinlk.Tliiip vo lcnn lc rorl ta, 

from I r v i n e nnd Bnr.nRar, 197.1. 

% welglit bnslB 
t 

nrC! MorrantlvG r ioRlocl i i r ie Componltlon - 100 (An/An + Ab + 5/3NF.) ' 

HCl! Normntlve Color Index = 01 + My + IM I Ht + 11 + llm 

Sninpies non. 12 nnil 30 not p l o t t e J 

RARI,Y ANDESITIC RO(nCS •.• 

ASII-n.OM TUFFS AND ASSOC. ROCKS »» 

.rOST ASH-FLOW TUFF BASALTIC 14* 
ANDESITES AND ASSOC. ROCRS 

ro 




