New K-Ar ages of lavas fromt he Colorado Plateau-Basin and Range transition
zone, east-central Arizona

J.L. Cooper, J.L. Aronson, C.D. Condit, and W.K. Hart
Isochron/West, Bulletin of Isotopic Geochronology, v. 55, pp. 28-33

Downloaded from: https://geoinfo.nmt.edu/publications/periodicals/isochronwest/home.cfml?lssue=55

Isochron/West was published at irregular
intervals from 1971 to 1996. The journal was
patterned after the journal Radiocarbon and
covered isotopic age-dating (except carbon-14)
on rocks and minerals from the Western
Hemisphere. Initially, the geographic scope of
papers was restricted to the western half of the
United States, but was later expanded. The
journal was sponsored and staffed by the New
Mexico Bureau of Mines (how Geology) &
Mineral Resources and the Nevada Bureau of
Mines & Geology.

il

¥ ISOCHRON/WEST

. A Bulletin of Isotopic Geochronology

All back-issue papers are available for free: https.//geoinfo.nmt.edu/publications/periodicals/isochronwest


https://geoinfo.nmt.edu/publications/periodicals/isochronwest/home.cfml?Issue=55
https://geoinfo.nmt.edu/publications/periodicals/isochronwest

This page is intentionally left blank to maintain order of facing pages.



28

NEW K-Ar AGES OF LAVAS FROM THE COLORADO PLATEAU-BASIN AND RANGE TRANSITION ZONE,

EAST-CENTRAL ARIZONA

J. L. COOPER
J. L. ARONSON
C. D. CONDIT
W. K. HART

The Rio Grande Rift region of the southwestern
United States contains numerous complex tectono/
magmatic associations making it an excellent
laboratory to study relationships between volcanism
and tectonism. During the past 10 Ma, the primary
locus of volcanism in this region has been within the
structurally and geophysically defined transition zone

. between the Colorado Plateau and Basin and Range
provinces. A detailed understanding of the origin and
evolution of magmatism within this transition zone is
therefore essential to an overall understanding of the
volcano/tectonic evolution of the entire region.

The 3000 km? Springerville volcanic field (SVF) of east-
central Arizona is one of the major centers of volcanism
located within the Colorado Plateau-Basin and Range tran-
sition zone. Previous work on the SVF including detailed
mapping (Condit and others, in review), K-Ar dating
(Laughlin and others, 1979, 1980; Condit, 1984, Aubele
and others, 1986), paleomagnetic observations (Castro
and others, 1988), and major element data (Condit, 1984;
Cooper, 1986) indicated a progresgion from initial
voluminous tholeiitic volcanism (2.0-1.75 Ma) to less
voluminous alkalic volcanism (1.75-1.0 Ma), with the
youngest products (1.5-0.56 Ma) consisting of evolved
alkalic compositions such as hawaiites and mugearites
(Condit and others, 1989). Ongoing investigations of
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mafic magmatism in the SVF are building on the excep-
tional base of information available and focus on the
chemical and isotopic characteristics of the erupted
magmas and the relationships between magma genesis and
tectonic processes within this transition zone (Cooper and
Hart, in review).

RESULTS

Eleven new K-Ar ages are reported here for lavas
from the Springerville volcanic field. The K-Ar data are
given below and correspond to the sample locations in
figure 1. Chemical analyses and CIPW normative com-
positions of the samples are listed in table 1. Two of
the new ages (map locations 8 and 9) expand the
known period of volcanism in the field with the oldest
dated flow occurring in the extreme northern portion of
the field at 6.569 + 0.12 Ma (map location 9).
Morphology of the flow indicates a vent location north
of the previously defined Springerville field proper.
This information rules out its origin from the Mt. Baldy
volcanic complex to the south as has been suggested
for several other older flows (2.94-6.03 Ma; Laughlin
and others, 1980) in the southeastern portion of the
field (fig. 1, stars). Sample 717MR from map location
7 is an olivine tholeiite which erupted from one of the

34930'

FIGURE 1. Location map of the Springerville
volcanic field. Sample locations are numbered
and correspond to the chemical data given in
table 1. Springerville, Show Low, and St.
Johns are designated by S, SL, and SJ respec-
tively. Stars are samples dated by Laughlin

and others, 1979 and 1980 (see text for
discussion).
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northern i : .
tholeiitic Trf:f; \xr?tsh in the field and is one of the only
much vo ich can be correlated to a vent. It is
mati younger (1.56 Ma) and less hypersthene nor-
o Vg 5(tholeut|c) than. samples 771 and 801C (5.31
e 9 Ma respectively). Alkali olivine basalts and
iites from map locations 1-6, 10, and 11 range in

age from 0.30 to 1.3 Ma. ' g
co'lr":‘sinzlgven.samples ana[yzed in this study were
Springervil Wltl:l twenty-eight samples from the
2. This ille region to produce the histogram in figure
m.a o t_summary illustrates that a major pulse of mafic
209 Ma |sm'oc<-:ur.red between approximately 0.3 and
ti;)ns aofthl‘,Ch' is in ?greement with previous interpreta-
majorit fl:’rlngel'vule magmatism. Chemically, the
basaltsy o dthese lavas are basanites, alkali olivine
benmor'eitar)‘ 9volved alkalic compositions (hawaiite-
t© thole"t? |wuth the exception of a few transitional
histo ralrlnlc havas (s§mple 717MR). It is clear from this
Cessagti tf at mafic magmatism continued after the
o Monto Mt. Baldy volcanism approximately 8 Ma
A los of the 8 to 2.5 Ma lavas are transitional to
elitic basalts thus strengthening the previous inter-
g:ztatyon of .initial 'tholeiitic magmatism followed by
! ption of increasingly alkalic magmas. This is in
irect contrast to other portions of the transition zone
such as the Lucero field where mafic volcanism pro-
gressed from initially alkalic to bimodal alkalic and
tholgugtlc compositions (Baldridge and others, 1987).
Additional mapping and dating is necessary before it
can be determined if volcanism was continuous or if
lulls in magmatism occurred during the 8.0 to 2.5 Ma
period. The lack of identifiable vents for the northern
most (map locations 8 and 9) tholeiitic lavas may in-
d'Cate.a period of fissure type eruptions between
approximately 8 and 3 Ma perhaps associated with the
initiation of extensional tectonics in this portion of the

transition zone.

TABLE 1. Major el

Map no. 1 2 3 4 5
Sample 705MC  706GP  709WK 71 2GP 716SM
Type AB AB AB AB AB
Si0. 46.04 45.09  45.49 47.88  45.49
Tio, 1.95 2.41 1.93 1.71 2.11
Al;0, 14.71 17.64 15.22 16.72 13.67
Fe 0, 11.33 13.20 11.76 11.20 12.55
MnO 0.16 0.21 0.18 0.17 0.18
MgO 11.12 5.37 10.36 8.20 12.49
CaO 9.07 9.74 10.08 9.96 9.62
Na.0 2.93 3.60 3.19 3.18 2.61
K20 1.15 1.13 1.05 0.97 0.93
P20s 0.46 0.83 0.65 0.43 0.34
LOI -0.28 -0.38 0.32 0.39 0.18
TOTAL 98.65  98.84 100.23 99.81 10017
AN 55.2 58.0 60.5 51.3 58.9
or 6.8 6.7 6.2 5.7 5.5
ab 19.1 20.7 15.7 24.5 15.9
an 23.6 28.6 24.1 25.8 22.8
ne 3.1 5.3 6.1 1.3 3.3
:i 14.8 11.8 17.5 17.0 18.3
Y

ol 23.6 16.2 21.9 17.8 26.1
il 3.7 4.6 3.7 3.3 4.0
ap 1.1 1.9 1.5 1.0 0.8
MG # 65.8 44.4 63.3 58.9 66.1

ement and CIPW normative analyses.
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All samples were collected by J. L. Cooper and C. D
Condit unless otherwise indicated. Ar measurements weré
performed at Case Western Reserve University. Unit
designations and vent nomenclature are those of Condit
(1984). The decay constants used in the age calculations
are as follows: A\¢ = 5.81 x 107" yri; A = 5.5643x 107"
yr'; and *°K/K = 1.1 67 x 10°* atom/atom.
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SAMPLE DESCRIPTIONS

1. 705MC K-Ar
Alkali olivine pasalt (Qhe) (34°2’53”"N,
ite flow of vent 8435;

109°46°25"W; compos
McNary 7.5 quad., Apache Co., AZ). Fine-grained,
holocrystalline matrix of plagioclase. oxide, and mafic
microlites; porphyritic olivine (to 2.5 mm), augite, and
plagioclase: glomeroporphyritic plagioclase; micro-
phenocrysts of Ti-augite. Analytical data: sample
weight = 5.0460 gm; K = 1.282%, 1.246%; *°Ar*

— 0.90 x 1072 mol/g; so0Ar* = 4.13%

(whole rock) 0.50 + 0.03Ma

2. 706GP K-Ar
Alkali olivine pasalt (Qphz) (s-C, S30,T8N,R27E;
massive bomb in cinder pit of vent 8739; Green'’s
Peak 7.5’ quad., Apache CoO-, AZ). V.'fme—'grained
matrix of plagioclase. oxide, and maf-lc. microlites
(pyroxene and olivine); phenocAryst/stc_)f (I)I:;'/Irt‘e (altereld

i lagioclase. Analy ical data: sample

to hematite) and plag : 095%. B oo sonr~

weight = 5.1905 gm; K =
— 2.04x 107 mol/g;

sopr* = 3.30%

(whole rock) 1.27 * 0.07 Ma

6 7 8 9 10 11
771 go1c  708WK 713SN
711‘ gv 71 T7MR a4 ol oW AW
48.
46.39 48.16 50.17 5;.2; 43:35 18.23
1.77 1.58 1.54 5.21 18.37 16.71
15.82 16.12 14.94 1 2] 1506 1328
11.42 12.36 12.63 11.15 017 o6
0.17 0.17 0.16 0. > P 0 e
7.77 8.31 8.18 7.26 32 2as
10.51 9.77 8.44 8.7 e 847
2.72 2.83 3.00 3.07 422 4.02
0.88 0.56 0.60 0.86 SR 136
0.44 0.30 0.24 0.22 . .
0.29 0.01 -0.02 0.04 0.03 0.38
98.18 100.16 99.90 100.22 99.75 99.85
56.3 55.3 50.1 49.2 43.9 47.4
5.2 3.3 3.6 5.1 10.3 8.0
22.0 24.0 25.4 26.0 33.2 261
28.4 29.6 25.5 25.2 26.0 235
0.6 1.4 4.3
171 13.8 12.1 13.8 4.4 12.3
6.7 19.0 20.1
17.2 15.8 7.6 3.2 15.7 173
3.4 3.0 2.9 33 3.9 1
1.0 0.7 0.6 0.5 18 1.2
57.2 56.9 55.9 54.8 459 55.0

Major element analyses by DCP; all v
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alyse alues in weight %; Fez20s = total Fe as Fe
LOl = % loss on ignition; CIPW norms calculated with Fe20s = 1 .5. 0s.



5. 7165m

augite, olivine, and oxide; porphyritic and glomeropor-
phyritic olivine (up to 2.5 mm). Analytical data: sample
weight = 5.3550 gm; K = 1.053%, 1.073%; “°Ar*
= 1.39 x 1072 mol/g; *°Ar* = 9.98%.

{whole rock) 0.91 + 0.02 Ma

4. 712GP K-Ar
Alkali olivine basalt (Qpcs) (SW%, S28,T8N,R27E;
flow of vent 8732A (Pole Knoll); Green’s Peak 7.5’
quad., Apache Co., AZ). Fine-grained, holocrystalline,
intergranular, pilotaxitic matrix of plagioclase, Ti-
augite, olivine, and oxide; porphyritic olivine and
augite; glomeroporphyritic olivine + augite and augite
+ augite. Augite phenocrysts are twinned. Analytical
data: sample weight = 5.0185 gm; K = 1.025%,
1.029%; *°Ar* = 1.92 x 107'2 mollg; *°Ar* =
9.19%.

{whole rock) 1.30 + 0.04 Ma

K-Ar
Alkali olivine basalt (Qmb6) (N-C,520,T9N,R24E;
flow of vent 9416 or 9417; Sponsellar Mtn. 7.5’
quad., Navajo Co., AZ). Fine-grained, holocrystalline
matrix of plagioclase, intergranular augite, olivine, and
ox.lde; porphyritic and glomeroporphyritic olivine;
microphenocrysts of olivine, Analytical data: sample
weight = 5.2580 gm; K = 0.987%, 1.002%; *°Ar*

= 1.45 x 102 mol/g; *Ar* = 16.8%. '
(whole rock) 1.01 + 0.02 Ma
6. ;19V
ransiti
flow of Lirtle e (Y

Co., AZ). Medi
matrix of syp

' oW K-Ar
Ca -C, S11,T11N,R25E;
L‘:‘ga Lake; Vernon 7.5’ quad., Apache
o h-.g.ramed: holocrystalline, diktytaxitic

Phitic augite angd plagioclase; pheno-

ine i ioclase;
scattered grains (gfa r:‘eas“cy!'bae\;eted to iddingsite); few

: . \lagi .
data: Sample weight = 5.525‘:23%';‘?3‘26.: Aénglg';ngzl

. 771

= N=39
Z
N
7]
2
o,
g FIGURE 2. Histogram of K-Ar ages for lavas
z Mt. from the Springerville region. Solid black bars
k) Bald indicate samples from this study. Diagonal
° ‘_a_}; slashed bars represent data from Laughlin and
o others, 1979 and 1980, Aubele and others,
3 1986, and Condit and Shafiqullah, 1985.
0
3
z
8 9 10
. . 40Ar* =
3. 709WK K-Ar 0.924%: sOAr* = 1.34 x 1072 mol/g; Ar
Alkali olivine basalt (Qgbi) (SW% ,NW%, 14.5%. + 0.02Ma
S15,T9N,R26E; flow of vent 9621 (Whiting Knoll); (whole rock) 1.00
Wh'mng Knoll 7.5’ quad., Apache Co., AZ). V. fine- CAr
grained, holocrystalline matrix of plagioclase, Ti- 7. 717MR

N,R24E; Point
Tholeiitic basalt (Owga) (S-C, Szg,g:'dis Knoll): Mesa
of the Mtn. flow from vent 1414 (Si Sy Fine- to
Redonda 7.5 quad. Aparchee dicl:':;"taxitié matrix of
medium-grained holocrystalline, orphyritic olivine

sub-ophitic augite and P'?Qiqc'asfi; P%and  resorbed
(partially altered 1o 'd-d|2rgnsp:leeweight — 5.0435
plagioclase.Ana/yt/caldata. s' e = 1.28 x 1012

gm; K = 0.573%, 0.568%:

mol/g; 4°Ar* = 15.16%.

(whole rock) 1.56 * 0.03 Ma

K-Ar
34°43'39”N,
Tholeiitic basalt (unmappedt) 1(80, 5.3 miles N
109°34'39” W; roadcut alongow. I olaanic Mtn.;
of intersection with Rt. 61/ O he Co., AZ). Fine- to
Stinking Springs 7.5’ quad., AP ity taxitic matrix of
tln‘lng pined hoIOCrYSta"l.ne’ |' o edral olivine
medlum:gra i'te and p|ag.c;clase,|a oolase grains.
s:b-ODhltlc;sa:Qfew large resorbed % 3080 o K =
ocrysts; - bt = B. ' gm; :
pAnZTyticzl data: Sam%iﬂe'g_ 4.67 x 10 "drr\;\tl)llg,
12%;: = | L. cooper and W. K.

2:2.-9*8? '2 5?16 %. gollected by:J- L
)56.31 £ 0.11 Ma

Hart. (whole rock

K-Ar

4°22'40"N,

. 801C qoca) (3 N
Ty e W, el outerop ho 35 quad

03 ’ ” ; . o . : .

;t?gge' flow of unknown ve_r\tr:a . holocrystalline,

, Z). Coarse-d ophitic to sub-ophitic

A ache CO.: . ular' '. )
dilF:tytaxitic, nearly eqmgfa" intergranU|8f olivine (par

i cic augiteé tical data: sample
?a‘;ﬁ'y‘ea?{;?ei“i’ﬁawdingsite- A’?’Sm; K = 0.873%,
weight = 4.9320 gm’6 X -12 mol/g, 8.43 X. 2:0-62
0.8|/84'~’,?°;Aoo*Ar& 1=7 6.% 17.7%. Collected by: C. D.
mol/g; rv = . 4
Condit. (whole 10

(whole rock)
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k) 6.52 £ 0.12Ma
6.66 + 0.12Ma



10. 708WK K-Ar
(Qgh,) (W-C, S27,T9N,R26E; flow of vent 8611A

(Green’s Peak); Whiting Knoll 7.5’ quad., Apache Co.,
AZ).. Fine-grained, holocrystalline, pilotaxitic matrix of
plagioclase, oxide and intergranular olivine; micro-
phenocrysts of olivine and plagioclase. Analytical
data: sample weight = 5.0690 gm; K = 1.631%,
1.640%; *°Ar* = 1.80 x 107? mol/g; *°Ar* =

24.3%.
(whole rock) 0.76 * 0.02 Ma

11. 713SN K-Ar

Hawaiite (Qkcs) (NE%, S35,T9N,R27E; flow of vent
8702; Springerville NW 7.5’ quad., Apache Co., AZ).
Fine-grained, holocrystalline matrix of plagioclase,
'nfe‘l‘granular augite, olivine, and oxide; porphyritic
olivine and augite; glomeroporphyritic olivine +
augite; microphenocrysts of plagioclase and olivine.
Analytical data: sample weight = 5.2630 gm; K =
1.294%. 1.320%; +Ar* = 1.15 x 1072 mol/g;

OAr* = 16.3%.
{whole rock) 0.61 + 0.01Ma
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