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K-A
r AGES OF BASALTS FROM SOUTHCENTRAL AND SOUTHEASTERN OREGON

WILLIAM K. HART
STANLEY A. MERTZMAN

T .
repr:ese?\glug‘bm Plateau basalts of the Pacific Northwest
surface of thr;eEof the largest outpourings of lava on the
of 108 km?3 (C arth, aggregating a total volume in excess
stratigraphic armichael and others, 1974). Following the
son and othe‘:sage of Wright and others (1973) and Swan-
consists of f s (1979), the Columbia River Basalt Group
age, are the 'ou' formations which, in order of decreasing
includes the r;naha Basalt, the Grande Ronde Basalt which
the War\apuw\lcéure Gorge Basalt of northcentral Oregon,
Available K-A asalt and the Saddle Mountains Basalt.
Group, summr _geochronology for the Columbia River
Swanson and al’l:‘ed by McKee and others (1977) and
and Wanapumo; ers (1979), indicate the Grande Ronde
13.5 m.y. ago asalts wore extruded betwsen 16.5 and
activity. 'I:heg a and constitute the vast bulk of the volcanic
from 13.5 to ge of the Saddle Mountains Basalt extends
tepresents vl Ine (00" 2 carger segrment of time yet it
Columbia Ri ell less than 1 % of the total volume of the
with the gre\;:r Basalt GTOUD- It also contains the flows
and trace e|emBSt chemical diversity including both maijor
River Basalt G entS‘,The extent of outcrop of the Columbia

The Steen "\':“p 1S }"epicted in Figure 1.

- Figure 1 for ists |0unt?|n Basalt of southeastern Oregon (se€
with the Grand o‘:at'°") has been suggested as correlative
cluding Evernde onde Basalt by numerous researchers N
York (1976) Ben and James (1964) and Bottomley and
tire section of ?)kSl and others (1967) determined the en-
erupted 15.1 asalt exposed on Steens Mountain Was
marized thé * 0.3 m.y. ago and Avent (1970) has sum-
which exist b“;;lx;alog:::al, chemical, and age similarities
Pl(:ure Gorge Basae|2 the Steens Mountain Basalt and the
stud:“a'dditkvtpe of flood basalt was encountere
would be cl ytaxitic, non-porphyritic olivine basalt wh
alumina o|i\,a-ss'f'ed chemically as a low potassium high-
discernible flne tholeiite (HAOT). This basalt is clearly
Group and rom the lavas of the Columbia River B?salt
mineralon' the Steens Mountain Basalt on the basis of
Zman 193:7’ chemical and isotopic characteristics (Mert-
workers h 9; Hart and Mertzman, 1980). Previous
various f ave included lava flows of this flood basalt In
of Whe |°"“at'°ns of local importance, e.g., Mesa Basalt
Pow eler and Combs (1967) and the Warner Basalt of

ers (1932) and Anderson (1941).

d in our
t which

Results

e heading of ~'Sample

The K-Ar data are reported under th f
or

z‘e:t;l:;:tgmsu' and the whole rock chemical analyses
the HAS samples in Table 1. A general pattérn in whic
\he HAOT samples are the youngest b tch of the areas in-
s lgatqd is depicted. Even though the older basalts aré of
quite variable bulk composition, the HAOT are nearly iden-
tical even though they are from widely separated locales
and spread over 7 million years of geologic time. The older
basalt.s from the eastern Steens area aré similar in
chemistry and petrography to the Steens Basalt (Gunn and
Watkins, 1970; Avent, 1970). However. these basalts
have a more highly evolved chemical signature,

represented by very high values of Fe, Ti, P, Ba, and Zr. We
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suggest the following analogy may be appropriate: that
these older eastern Steens area basalts are to the Steens
Basalt as the Pomona and Elephant Mountain Members of
the Saddle Mountains Basalt are to the Picture
Gorge—Grande Ronde Basalts of the Columbia River Group;
that is, younger in age by 3 to 4 million years, much smaller
in terms of volume, and more highly fractionated in terms
of chemistry than their basalt predecessors. If this working
hypothesis can be further substantiated with additional
evidence, it will focus attention on a more striking
parallelism than currently exists between the Steens Basalt
and the Columbia River Group in terms of chemistry and
volume as a function of geologic time.

The older basalt at Polker Jim Rim is similar in
petrography, chemistry and age to the Steens Basalt
described by Gunn and Watkins (1970). The younger
HAOT flow which caps the escarpment permits a max-
imum age to be assigned to the Basin and Range faulting in
the area—the displacement along the fault can be no older

than 6.85 £ 0.59 m.y.
The older basalts which form

relative with the Steens
Gorge—Grande Ronde Basalts: however, these basalts are

somewhat distinctive from both of tt)ese grpup§ with
respect to their jower Fe and P, higher Ni, and significantly
higher K/R i ip these basalts may have

with the three major categories of Miocene flood .basalt.s in
Oregon is prese r and awaits further investiga-
tion. The younger HAOT basalt flows around the base of
the Abert Rim fault scarp and indicates most of the move-
ment along the fault occurred between 6 and 15 million
years ago- ] . - _ 0581

ts used in calculating ages are: = 0. X
10(3?;;5:‘8:1)‘3 = 4,962 x 10-'%yr"; soK/K = 1.167 x 10
mol/mol.

the Abert Rim are time cor-
Basalt and the Picture

SAMPLE DESCRIPTIONS

K-Ar
R38E; 13.5mi N of Burns
n roadcut with tumuli ex-
). Gray, diktytaxitic
microphenocrysts; subophit'fic
ioclase (Anso-72) and augite, titanomagnetite
g:fc?l:\?nor glass. Mode: 48.73% plg.. 23.48% 9I.,
20.35% CPX-s 7.39% Ti-mt + glass. Analytical
data: sample weight = 7.2gm; K0 = O.%OS‘S,wt)
9: *Ar° = 0.189 x 10-'2 moles/gm; Arse =

5.54%.

1. H-8-73
Basalt (SE% 526,T30N, 3
Jct. along Ore. Hwy. 78i

(whole rock) 0.43 + 0.09 m.y.

. H-8-74 K-Ar
Basalt (S16,T3OS,R38E; 17 mi N of Burns Jet.
along Ore. Hwy. 78; from high point of older
material surrounded by younger material (H-8-73);
OR). Dark gray, massive, porphyritic with
phenocrysts of red/orange olivine and plagioclase in
intergranular matrix of pig., cpx., ol., and opaques;
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glomeroporphyritic clumps of ol. +

. plg. Mode:
44..67% plg., 24.74% ol., 18.72% cpx., 9.86%
oxides, 2.0% interstitial material.

Analytical data:
. K Sample
un 20 weight *Arso *Ar°
(#) (wt %) (gm) (x 107'2 moles/gm) (%)
1 1.02, 4.1760 17.15
. .157 72.17
2 1.02, 4.0148 17.532 69.56
3 1.02, 4.0285 17.386 58.28
4 1.02, 4.0663 17.350 57.50
(whole rock) 11.71 + 0.65 m.y.
3. H-9-32 K-Ar

Basalt (SE% S34,T30S,R38E; E of Sheepshead
Mtns. ; from top of high point 1500 m with younger
r[?-'atenal from the northeast flowing around base
s -8-731; ) OR). Dark gray, fine grained

olo.crystalllne intergranular  assemblage of
plagioclase (Anas.se), Ti-rich augite and iddingsitiz-
ed olivine with porphyritic plg. laths (Anss-s2) up to
6 mm and interstitial oxide and oxide-rich crypto-
crystalline material. Analytical data: Sample weight

TABLE 1. Major and trace element chemistry.

ues describe
gnition]

[The analyses were determined by XRF techniq

LOI = loss on |

Eastern Steens Area

Sample #  H-8-73  H-8.74  H9-32  HEB84
Map # 1 2 3 4
Si0. 48.17 45.88 49.80 48.32
Tio. 1.02 3.09 3.00 0.83
Al20s 16.12 15.51 15.40 16.42
Fe:0, 1.23 6.71 7.59 2.40
FeO 8.80 7.96 6.40 6.80
MnO 0.18 0.22 0.23 0.16
MgO 8.84 4.79 3.51 8.66
Ca0 11.43 8.72 7.24 11.42
Na.O 2.47 3.56 3.50 2.31
K20 0.30 1.03 1.61 0.28
P20 0.08 0.95 1.37 0.18
Lol 0.58 1.00 0.73 1.09
Total 99.18 99.42 100.38 98.87
FeOT 9.92 14.06 13.30 8.98.
Rb <DL 1 18 1.32
Sr 236 424 474 253
Ni 117 43 6 163
Ba 94 718 1112 152
zr 94 301 430 79
v 201 426 221 172
M 1 23 62 16
K/Rb - 777 742 7
Rb/Sr — 0.026 0.03 o
Ba/Sr 0.398 1.693 2.346 15-3
K/Ba 26.5 11.9 12.0 .
ppm K 2490 8549 13363 2339

waeight percent and p

25

= 4.0684 gm; K:0 = 1.605 (wt) %; *Ar® =
25.878 x 10-'2 moles/gm; *Ar*® = 38.83%.
(whole rock) 11.17 + 0.65 m.y.

4. H-8-84 K-Ar
Basalt (SE% S36,T34S,R25E; top flow along with
Polker Jim Rim; OR) Med. gray, diktytaxitic
holocrystalline, iddingsitized 2-3 mm olivine and
some smaller pristine grains subophitic plagioclase
(Anez-es) and augite, microphenocryst to interstitial
titanomagnetite. Mode: 46.79% plg., 27.45% ol.,
22.87% cpX., 2.89% Ti-mt. Analytical data: Sam-

7.2076 gm; K:0 = 0.284 (wt) %;

ple weight =
#pre0 = 2.806 x 10-'2 moles/gm; *Ar*® =
26.08%.
(whole rock) 6.85 * 0.59 m.y.
5. H-9-7 K-Ar
Basalt (SE% s36,T34S,R25E; flow beneath
H-8-84 at Polker Jim Rim, OR). Med. gray, med.-
fine grained, diktytaxitic iddingsitized/oxidized

olivine and abundant oxide plus porph.yfitic plg.
laths (Anes-72) UP to 24 mm; minor interstitial oxide-

rich cryptocrystalline material. Analytical data:

pm, respectively.

d in Mertzman (1977). (DL = detection limit;

i Abert
Polker Jim
-9- H-9-71A H-9-71C
H-9:r,75A H 9672 - ;
47.83 46.60 46.82 50.00
2.86 0.92 1.27 1.64
15.86 16.58 15.91 19.54
8.21 4.76 6.05 3.42
5.76 5.60 4.80 5.68
0.20 0.18 0.17 0.12
4.29 9.19 6.71 4.69
8:26 11.44 11.85 10.53
3.44 2.37 2.79 3.07
1'40 0.25 0.66 0.78
0.53 0.11 0.22 0.23
0'68 1.98 2.15 0.74
99.32 99.98 99.40 100.44
13.22 9.93 10.30 8.79
25 1.67* 2 7
308 474 489
51 187 111 72
o 103 537 178
e 98 168 211
gg? 198 236 220
45 28 22 20
465 1215 2739 925
0.049 0.005 0.004 0.014
1.132 0.334 1.133 0.364
20.0 20.2 10.2 36.4
11620 2028 5478 6474

* Analysis by isotope dilution.
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Sample weight = 3.9747 gm; K.0 = 1.396 (wt)
%; *Ar*® = 30.363 x 10-'2 moles/gm; *Ar*® =
71.61%.

{whole rock) 15.04 + 0.79 m.y.

. H-9-72 K-Ar

Basalt (SE%, NW¥% S16,T33S,R22E; flow around
base of Abert Rim lying directly on top of reddish-
tan tuffaceous material; OR). Med. gray, fine grain-
ed, diktytaxitic, holocrystalline-equigranular
assemblage of plagioclase (Anes.72), augite and
highly iddingsitized olivine (some microphenocrysts
up to 0.6 mm) in intergranular to subophitic in-
tergrowth; minor intergranular/interstitial oxide plus
calcite lining many small vesicles. Analytical data:
Sample weight = 7.9677 gm; K,O0 = 0.256 (wt)
%; *Ar° = 2,241 x 102 moles/gm; *Ar° =
15.04%.

(whole rock) 6.07 + 0.66 m.y.

H-9-71A K-Ar
Basalt (SE%, NW% S30,T34S,R22E; top flow
along Abert Rim; OR). Med. gray, med.-grained,
diktytaxitic, holocrystalline, equigranular
assemblage of plagioclase (Angs.es), augite and
abundant iddingsitized olivine in intergranular to
patchy subophitic relationship, abundant interstitial
and intergranular oxide and oxide-rich crypto-
crystalline material as well as calcite lining in
vesicles. Analytical data: Sample weight = 6.0495
gm; K20 = 0.664 (wt) %; *Ar*® = 15.057 x 10-'2
moles/gm; *Ar% = 56.97%.

(whole rock) 15.68 + 0.83 m.y.

. H-9-71C K-Ar

Basalt (SW%, NWv $30,T24S,R22E; flow ap-
prox. 200 m below H-9-71A at Abert Rim; OR).
Med. gray, extremely porphyritic with abundant
large phenocrysts (up to 20 mm) and clumps of
plagioclase (Anss.e;) set in a fine grained, in-
tergranular to subophitic groundmass of plg. laths
(Ango_e4), altered olivine (iddingsite?) grains and
microphenocrysts up to 0.9 mm and augite, also
abundant interstitial oxide-rich cryptocrystalline
material and secondary interstitial oxides.
Analytical data: Sample weight = 5.9956 gm; K.0
= 0.785 (wt) %; *Ar*® = 16.591 moles/gm;
*Ar*® = 62.16%.

(whole rock) 14.62 + 0.72 m.y.
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