




















Following Q: 

s = surficial deposits 
I = landslide deposits 

3rd symbol: Lithology 

b = basalt 
a = andesite 
d = dacite 
r = rhyolite 
s = scoria, agglutinate, scoriaceous basaltic tuff 
t = palagonitic tuff 
p = felsic tuff (pumiceous) 
f = felsic block and ash deposits 
I = lahars 

4th symbol: Age group, or volcano structure; may be omitted, especially if source 
of flow or type of structure is not known or is uncertain. 

Age group following a specific geographic feature with more than 
one stratigraphic unit: 

o = older 
m = middle 
y = younger 

Volcano structure: 

s = sheet lava, intracanyon lava flow 
v = shield volcano 
I = lava cone 
c = scoria cone, agglutinate cone 
f = flow related to a cone; simple and compound flows 
d = lava dome 
i = intrusion such as dike or plug (may be unlabelled where 

size and shape are consistent with a dike) 
p = pyroclastic sheet deposits, scoriaceous 
t = tuff cone, tuff ring 
b = breccia pipe, tuffisite dike or pipe 
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Lithologic symbols 

2c,q. 
Lithologic types are identified on the map by a number or a number with a letter 
suffix defined in Lithologic Classification For Mormon Volcanic Field. Composite 
map units, or composite areas within generally homogeneous map units, have 2 or 
more lithologic symbols; the most common lithologic type is listed first. 

Additional letter suffixes that identify petrographic features that may be seen in 
an outcrop in different lithologic types include: 

,q = quartz and/or atoll clinopyroxene in a mafic or 
intermediate rock. 

,x = xenoliths; typically mafic to ultramafic, but locally 
granitic, especially in basalts containing abundant 
quartz. 

,d = diktytaxitic texture in basalts other than type 1a sheet 
lavas. 

,m = microporphyritic 

Vent and flow identification numbers 

7B02B 
Vent structures are identified with a 4-digit number based on location according 
to the township, range, section system. The first digit is the second integer of the 
township; the second digit is the second integer of the range; the last two digits 
identify the section. If two or more vent structures are in a section they are 
identified with letter suffixes A, B, etc. The suffix "P" identifies a polygenetic 
cone with a compound or composite structure or composition. 

Shield volcanoes without summit cones are identified according to the section 
containing the topographically highest part of the volcano. 

Lava flows that extend beyond the base of a cone are identified by the vent 
78028-3 identification number. If 2 or more flows extend beyond the base of a cone they 

are identified by number suffixes -1, -2, etc; the numbers are arbitrary if the 
relative ages of the flows cannot be determined. If the source of the flow is 
uncertain the identification number is queried (?). 

For example, 7802B-3 identifies the 3rd lava flow (not necessarily by age) from 
the 2nd vent structure in section 2 of Range 8 East, Township 17 North. 
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LITHOLOGIC CLASSIFICATION FOR VOLCANIC ROCKS IN THE 
MORMON VOLCANIC FIELD 

Lithologies of volcanic rocks in the Mormon volcanic field are defined on the basis of 
ou tcrop-scale petrographic features, principally the types and abundances of phenocrysts, 
and phenocryst and matrix textures. The lithologic categories are listed below according 
to number. For most categories, the petrographic critera are observable in hand 
specimens at the outcrop and therefore are one of the principal bases for identifying map 
units. In general, categories 8, 10, and 40 require a microscopic or chemical analysis, or 
both for identification. 

Basal t categories 1 - 4 and 6 have 2 or more subcategories that typically require 
microscopic analysis for identification. 

Definitions: 
p, phenocryst: crystal > 0.5 mm in diameter in finer matrix. 
mp, microphenocryst: crystal < 0.5 mm in diameter in finer matrix. 
porphyritic: > 1 % phenocrysts. 
subporphyritic: < 1 % phenocrysts. 
aphyric: rare, scattered phenocrysts. 
matrix: mass of crystals (+ / - glass) distinctly smaller in 

size than phenocrysts and microphenocrysts in the 
rock. 

01, olivine 
cpx, clinopyroxene 
opx, orthopyroxene 
plag, plagioclase 
hbl, hornblende 
phI, phlogopite 
opa, opaque oxide 
gl, glass 

1. Olivine basalt. 
> 1 % 01 p; no cpx p; mp of 01, cpx, plag can be present. Matrix is composed of 
plag + cpx + 01 + opa + gl, textures include intergranular, intersertal, granular, 
and locally ophitic. 
special varieties: 

a. fairly coarse intergranular matrix, diktytaxitic. 
b. abundant cpx in matrix, strong violet-tan color. 
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2. Clinopyroxene-olivine basalt. 
> 1 % 01 + cpx p, 01> cpx. 
Matrix is composed of plag + cpx + 01 + opa + gl, textures include 
intergranular, granular, microcrystalline, intersertaL 
special varieties: 

a. sieve texture and green-core cpx p and mp. 
b. abundant cpx and plag mp. 
c. abundant 01, plag, cpx mp. 
d. abundant 01 and cpx mp. 
e. abundant cpx p, cpx = 01. 

3. Plagioclase-olivine basalt. 
> 1 % 01 + plag p, ol>plag or plag> 01. 
Matrix is composed of plag + cpx + 01 + opa + gl, textures include 
intergranular, granular, locally ophitic. 
special varieties: 

a. abundant 01 and plag mp. 
b. ophitic matrix. 
c. subporphyritic. 

4. Plagioclase-clinopyroxene-olivine basalt. 
> 1 % 01 + cpx + plag p, variable proportions of p, plag pare 

euhedral. 
Matrix is composed of plag + cpx + 01 + opa + gl, textures include 
in tergranular, granular, hyallocrystalline, intersertal. 
special varieties: 

a. plag p display sieve texture. 
b. cpx p and mp display sieve texture. 
c. green-core cpx p. 

5. Aphyric to subporphyritic basalt. 
< 1 % p of any type to rare p. 
Composed of plag + cpx + 01 + opa, texture is intergranular. 

6. Picritic basalt. (none in Mormon Lake quad) 
> 15 % 01 + cpx p, 01> cpx, local brown spinel. 
Matrix is composed of plag + cpx + 01 + opa + / - analcime, textures are granular 
and intergranular. 
special varieties: 

a. cpx > or = 01. 
b. feldspathoid (?) in matrix. 
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7. Olivine-clinopyroxene basalt. (none in Mormon Lake quad) 
> 1 % cpx + 01 p, cpx> 01, ol-cpx and cpx glomerocrysts display rosette texture, 
abundant cpx as mp and in matrix along with plag, opa, and analcime, textures 
include granular and microcrystalline. 

8. Feldspathoidal basalt (basanite). (none in Mormon Lake quad) 
> 1 % 01 + cpx p, 01 and cpx mp, feldspathoid (apparently analcime) in matrix 
along with plag + cpx + 01 + opa, cpx displays strong violet-tan color, textures 
include granular and microcrystalline. 

9. Olivine melanephelinite. (none in Mormon Lake quad) 
very abundant 01 mp and p, sparse cpx p; matrix is dense, aphanitic, and very dark 
gray to black (in contrast to most basalts that are medium to dark gray); very 
abundant granular cpx in matrix along with nepheline + analcime + 01 + plag + 
opa + biotite + apatite. 

10. Hybrid basaltic andesite. (none in Mormon Lake quad) 
> 1 % plag + cpx p, cpx > plag, 01 mp, presence of hornblende p displaying sieve 
texture and reaction to opaque oxide, may contain quartz with cpx reaction rim 
and abundant sieve texture plag p. Matrix rich in plag. 

13-18. Feldspathoidal phanerites. (none in Mormon Lake quad) 
use QAPF diagram of International Union of Geological Sciences Subcommission 
on the Systematics of Igneous Rocks (Le Maitre, 1989). 

19. Lamprophyre (minette). (none in Mormon Lake quad) 
> 1 % cpx + phI + /- 01 p, K-feldspar in matrix. 

20. Clinopyroxene-hornblende-plagioclase andesite. 
(none in Mormon Lake quad) 
> 1 % cpx + hbl + plag p. 

21. Hornblende-plagioclase andesite. 
> 1 % hbl + plag p. 
Matrix is composed of plag + pyx + opa, textures include intergranular, 
microcrystalline, hypocrystalline, trachytic. 

22. Clinopyroxene-orthopyroxene-hornblende-plagioclase andesite. 
(none in Mormon Lake quad) 
> 1 % cpx + opx + hbl + plag p. 
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23. Clinopyroxene-hornblende andesite. 
> 1 % cpx + hbl p. 
Matrix is composed of plag + pyx + opa + gl, textures include microcrystalline, 
intergranular, hypo crystalline, trachytic. 

30. Hornblende-plagioclase dacite. 
> 1 % hbl + plag p. 
Matrix is composed of plag + pyx + opa + gl, texture is hyalopilitic. 

31. Orthopyroxene-clinopyroxene-homblende dacite. 
> 1 % opx + cpx + hbl p, opx < cpx < hbl. 
Matrix is composed of plag + pyx + opa + gl, textures include intersertal, 
hyalopilitic, trachytic. 

32. Orthopyroxene-clinopyroxene dacite. 
> 1 % opx + cpx p, opx < cpx. 
Matrix is composed of plag + pyx + opa + gl or alkali feldspar, textures include 
intersertal, hyalopilitic, microcrystalline, trachytic. 

40. Hornblende-plagioclase rhyolite. 
(none on Mormon Lake quad) 
> 1 % hbl + plag p. 

50. Ultramafic and gabbroic xenoliths. 
(none on Mormon Lake quad) 

60. Granitic and granulitic xenoliths. 
(none on Mormon Lake quad) 

Miscellaneous: 
quartz crystals, generally 0.5 to 3 mm in diameter, are common in basalt types 2 

and 4, scattered in types 5 and 6, and uncommon in type 1; quartz crystals 
typically display a reaction rim of clinopyroxene. Atoll-texture of 
clinopyroxene records former presence of quartz. 
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CHEMICAL CLASSIFICATION FOR VOLCANIC ROCKS IN THE 
MORMON VOLCANIC FIELD 

1. Volcanic rocks in the Mormon volcanic field are classified with the total alkali-silica 
(TAS) diagram recommended by the International Union of Geological Sciences 
Subcommission on the Systematics of Igneous Rocks (Le Bas and others, 1986). 
Some of the suggestions by Wilkinson (1986) are incorporated in the subdivision of 
the mafic rocks. 

2. Most of the volcanic rocks in the field are basaltic in composition. Basalts are regarded 
as containing 45-52 weight percent Si02 (normalized), and normative An-content 
(lOOan/ (an + ab )) greater than 50. The following basalt types are defined on the 
basis of CIPW normative compositions: 

a. quartz subalkali basalt: norm Q > 0 

b. subalkali basalt: norm 01, di/hy < 2 (generally hy > 9) 

c. transitional basalt: norm 01, di/hy > 2 (generally hy < 9) 

d. alkali basalt: norm ne > 0, to 5 

e. basanitic alkali basalt: norm ne > 5 

f. basanite: modal feldspathoid, norm ab > 5, norm ne < 20, (irregardless of Si02) 

(prefix "hawaiitic" if An-content < 50 and NazO+K20 < 5 ). 

3. For trachybasalt, S1 (Na20+ K20 > 5): 

a. use "hawaiite", but only if An-content < 50; 
b. use terms a - f above in 2. if An-content > 50; 
c. prefix "ne-" to hawaiite if nepheline in norm; 
d. prefix "hy-" to hawaiite if hypersthene in norm. 

4. Criteria for hybrid basalt: 
a. Presence of quartz xenocrysts with clinopyroxene reaction rims or atoll 

clinopyroxenes or both. 
b. Typical Mg-number but low normative An-content for basalt. 
c. Ni and Ti abundances typical for basalt. 
d. Relatively low CaO, FeO, MgO for basalt. 
e. Relatively high Si02, Na20, K20 for basalt. 
Note: because of quartz xenocrysts some hybrid basalts may plot in the basaltic 

andesite or basaltic trachyandesite fields on the TAS diagram. 
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TABLE 1. X-ray fluorescence analyses of lavas from the Mormon Lake quadrangle, Arizona 

Sample No . 1-31 1-41 1-51 2-1 1 7-1 1 8-1 1 12-1 1 15-1 1 

Map Unit Tobs Tobs Tfb Tfb Tibv Tybl Tib Tyb 
Vent No. 7902A 8926 7902A? 
Lithologl 1a 1a 1b 2 2 4 2e 
Ch emical subalkal i transi - alkal i basanitic basanitic alkali alkali alkal i 

Type4 basalt tional basalt alkali alkal i basalt basalt basalt 
basalt basalt basalt 

Major-element analyses, weight percent 

Si02 49.8 48.5 46.0 44.6 46.3 45 .8 47.6 46.4 
Ti02 1.36 1.25 1.82 1.64 1.62 1.59 1.48 1.57 
Al 203 15.1 14.8 14.9 13.4 15.1 14.8 15.7 15.0 
Fe203 11.5 11.7 11.5 11.3 11.2 11.4 11.6 11.2 
MnO 0. 17 0.18 0.18 0.17 0.18 0.18 0. 18 0.18 
MgO 7.9 8.3 9.4 11.5 9.5 9 .9 8.3 10.2 
CaO 10.0 10.7 10.8 11.8 11.5 11.4 10.8 10.8 
Na20 3.0 2.9 2.8 2.8 2.9 2.7 2.8 2.8 
K20 0.56 0.60 1.00 1.26 1.13 1.13 0.87 1.18 
P205 0.31 0.28 0.84 0.69 0.52 0.57 0.38 0.50 
LOl 0.00 0.75 0.70 0.74 0.25 0. 12 0. 25 
Tot al 99.70 99.96 99.94 99.90 99.95 99 . 72 99.83 100.08 

C.I.P.W. normative minerals5 

ap 0.72 0.67 1.98 1.63 1.23 1.35 0.89 1. 19 
il 2.63 2.41 3.52 3.18 3. 12 3.06 2.86 3.03 
mt 2.47 2.61 2.47 2.32 2.32 2.32 2.47 2.33 
or 3.37 3.59 6.02 7.56 6.73 6.79 5.20 7.03 
ab 25.41 25.32 19.21 7.19 14.39 13.71 22.76 15.81 
an 26.63 25.87 25.86 20.30 25.34 25.40 28.23 25.40 
di 17.58 21.39 18.76 27.99 23.30 22.99 19.09 20.55 
hy 12.55 1.87 
ol 8.62 16.26 19.77 20.45 18.09 19.42 17.98 20.40 
ne 2.41 9.39 5.48 4.94 0.51 4.27 
C 
Q 
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Sample No. 1-3 1-4 1-5 2-1 7-1 8-1 12-1 15-1 

Trace-element analyses, parts per million 

Cr 
V 
Ga 
Zn 80 85 80 80 75 70 75 70 
Ni 140 180 250 270 175 190 140 190 
Co 
Cu 85 80 65 75 90 80 90 80 
Mo 
Nb 24 15 55 50 45 55 30 45 
Zr 120 95 230 190 150 160 100 100 
y 20 15 24 20 20 20 18 20 
Sr 540 470 1000 800 670 770 580 740 
Rb <10 <10 14 20 20 16 10 16 
Bi 
Pb 
Ba 

Mg-number6 59 60 63 68 64 65 60 65 
An- content 7 51 51 57 74 64 65 55 62 
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TABLE 1. continued 

Sampl e No. 17-1 1 19-1 1 24-1 1 26-1 1 84-1 2 125- 12 144-22 169-1 2 

Map Uni t Tybi Tydd Tydd Tiaf Tobs Tpbf Tibi Tibf 
Vent No. 7902B 7903B 7903A 7915p8 9931B 7906P 8824B 
Lithol ogi 2 30 30 21 1a 1b 3c 2c 
Ch emical basanitic dacite dacite trachy- transi- alkal i basanitic hybrid 

Type4 alkal i andesite tional basalt alkali basaltic 
basalt basalt basalt trachy-

andesite 

Major-element analyses, weight percent 

Si 02 46.2 68.5 67.0 57.5 47.95 46.50 46.07 52.61 
Ti 02 1.62 0.36 0.42 0.80 1.46 2.11 1.90 1.47 
Al 203 15.5 16.3 16.2 18.6 14.87 14.63 14.18 14.53 
Fe203 11.0 2.70 3.21 6.84 12.04 11.40 11.21 8.90 
MnO 0.18 0.04 0. 05 0.13 0.19 0.20 0.19 0. 14 
MgO 9.0 1.0 1.6 1.5 8.99 10.48 11.37 8.79 
CaO 11.9 3.05 3.47 5.60 10.62 10.46 10.59 8.25 
Na20 3.2 4.7 4.7 4.8 2.69 3.27 2.79 3.75 
K20 0.77 2.30 2.21 1.82 0.76 0.74 1.40 1.86 
P205 0.61 0.13 0.19 0.57 0.44 0.82 0.78 0.47 
LOI 1.50 0.43 1.44 0. 61 0.27 
Tot a l 99.98 99.08 99.05 99.66 100.44 102.05 101.09 101.04 

C. I .P .Y. normative minerals5 

ap 1.44 0.30 0.44 1.35 1.02 1.91 1.82 1.09 
il 3.12 0.68 0.82 1.56 2.81 4.03 3.63 2.80 
mt 2.32 0.84 0.97 1. 75 2.56 2.37 2.31 2.00 
or 4.60 13.75 13.23 11.00 4.54 4.37 8.32 10.98 
ab 15.62 40.57 40.60 41.50 22.99 20.32 13.96 31.70 
an 26.11 14.51 16.17 24.51 26.47 23.12 22.12 17.31 
di 23.77 19.44 19.06 20.60 16.57 
hy 5.07 7. 06 11.19 2.28 3.25 
ol 16.86 17.86 20.81 21.99 14.31 
ne 6.17 4.01 5.26 
c 0.76 0.15 0.05 
Q 23.51 20.55 7.09 
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Sample No. 

Cr 
V 
Ga 
Zn 
Ni 
Co 
Cu 
Mo 
Nb 
Zr 
y 

Sr 
Rb 
Si 
Pb 
Sa 

Mg-number6 

An-content? 

17-1 

65 
150 

70 

55 
160 
20 

800 
15 

63 
63 

19-1 

40 
<10 

<20 

15 
120 
<10 
960 

25 

44 
26 

24-1 26-1 84-1 

Trace-element analyses, parts per million 

55 
<10 

<20 

15 
120 
<10 
960 
30 

51 
28 

75 
<20 

<20 

60 
200 

20 
1400 

35 

31 
37 

554 
213 

23 
88 

198 
42 
99 

2 
21 

133 
21 

681 
13 
6 
8 

757 

61 
54 

125-1 

588 
230 

21 
88 

300 
47 
63 

1 
56 

253 
21 

1014 
15 
5 
1 

696 

66 
53 

lAnalysis by T.P. Frost, U. S. Geological Survey, Menlo Park, CA. 
2Analysis by W. Plueger, Institut fur Mineralogie und Lagerstattenlehre, RWTH, Aachen, Germany. 
3See Lithologic classification for Mormon volcanic field. 
4See Chemical classification for Mormon volcanic field. 

144-2 169-1 

623 506 
207 174 

21 19 
84 101 

258 213 
48 39 
80 54 

1 
50 43 

261 189 
22 16 

2098 730 
26 28 
8 5 
8 27 

830 790 

68 67 
61 35 

5Calcu lated from reported values normalized to 100 percent on volatile-free basis and hypothetical values of FeO and Fe203 
determined according to the relationship: FeO/Fe203=9.627-0.0921xSi02 • This relationship is based on the ratio of FeO to 
Fe203 in the 15 least oxidized of 599 rocks ranging from basalt to rhyolite in the San Francisco volcanic field, Arizona 
for which both FeO and Fe203 were analyzed (Wolfe and others, 1987). 

6100Mg2+/(Mg2 ++Fe2+) with all iron as FeO. 
?1 OOan/ ( an+ab) . 
8Vent i s on Hutch Mountain quadrangle. 
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Sampl e No. 

Ba 
Co 
Cr 
Cs 
Hf 
Rb 
Sb 
Sc 
Ta 
Th 
U 
Zn 
Zr 
La 
Ce 
Nd 
Sm 
Eu 
Gd 
Tb 
Tm 
Yb 
Lu 

lAna lys i s by D. M. 

TABLE 2. INAA values for selected trace- and rare-earth elements 
of lavas from the Mormon Lake quadrangle, Arizona 

[Values are in parts per million] 

7-1 1 17-1 1 19-1 1 24-1 1 

689 757 1680 1550 
55.0 52.1 6.06 9.13 

563 525 9.63 23.3 
0.274 0.339 0.579 0.625 
3.08 3.10 2.72 2.78 

16.0 9.63 23.1 25.2 
<0.091 <0.10 0.113 0.0868 
31.3 33.3 4.19 6.53 

2.56 2.90 0.690 0.708 
6.19 9.57 3.52 3.31 
1.43 1. 70 1.01 1.03 

100 57.8 62.4 
177 <170 90.7 94.9 
40.7 57.4 24.8 22.8 
69.1 96.5 43.9 39.8 
27.3 36.9 15.2 15.2 
5.81 6.85 2.91 2.93 
1.81 2.14 0.750 0.778 
4.90 6.32 2.32 2.32 
0.708 0.842 0.231 0.251 

0.0943 
1.88 1.99 0.497 0.605 
0.269 0.293 0.0769 0.0811 

McKown. U. S. Geological Survey. Lakewood. CO 
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