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CORRELATION OF MAP UNITS Tps Pyroclastic and sedimentary rocks (middle Miocene)—Mostly light- to dark-
gray, blue-gray to blue-black, light- to dark-brown, greenish- and yellow-
ish-brown and locally black and lavender tuff, palagonitic tuff, welded tuff,

& | | lapilli tuff, and tuff breccia. The unit also contains subordinate siltstone,
e T lithic sandstone, conglomerate, and arkose, some of which contains mus-
= — QUATERNARY covite. The pyroclastic beds contain light-brown, brown, red, and red-brown
Qls fragments of welded vitric tuff, some of which contains disseminated minute
~] Quaternary and (or) grains of magnetite. Lapilli comprise as much as 60 percent of some beds,
QT — Elggcﬁ%%:,?g (or) g and consist of fine grained basalt and basaltic scoria, rhyolite that con-
= tains disseminated microcrystalline opaque minerals and (or) spherulites,
Tt ) rhyolite porphyry, devitrified welded tuff, obsidian, and light- to dark-brown
B pumice. Some welded tuff fragments resemble Dinner Creck Welded Tuff
The (map unit Tdc; see below); blocks of Dinner Creek as much as 2.5 m across
- | are found in tuff breccia. A 3-m-thick bed of lavender welded tuff breccia
Tit in SW1/4 sec.19, T. 18 S, R. 40 E. contains as much as 10 percent angular
blocks of gray pumice as much as 1 m across, light-gray rhyolite as much
Top as 1.5 m across and smaller fragments less than 20 cm across of fine grained
basalt, possibly the Hunter Creek Basalt (map unit Th; see below). In places,
Thy fine-grained basalt fragments as large as 60 cm across comprise most of
the lapilli and blocks in lapilli tuff and tuff breccia. Phenocrysts as long
Thad as 0.5 mm comprise | to 15 percent of pyroclastic rocks and consist of
— middie Miocene — TERTIARY generally anhedral plagioclase, potassium feldspar, quartz, pyroxene, and
Tips magnetite. Siltstone is thin bedded (1 to 4 cm). Sandstone and conglom-
erate are thin to thick bedded (1 to 30 cm), and contain as much as 25
- percent angular to subrounded clasts, some in the conglomerate reaching
boulder size (maximum 50 cm in diameter). A 2-m-thick sill or dike of
Ts very vesicular (40 percent) basaltic andesite (tables 2 and 3, sample 47)
intrudes the clastic rocks in SWI1/4 sec.19, T. 18 S., R. 40 E. Maximum
Th thickness of the unit in the quadrangle is about 105 m (see cross-section).
Basal beds of the unit as much as 4 m thick interfinger with upper flows
Tele of the Hunter Creek Basalt (map unit Th; see below) in the overflow channel
ol Allotment 3 Reservoir, NE1/4 sec. 12, T. 19 S., R. 40 E., and near the
Trem SE corner of sec. 21, T. 18 S. R. 40 E., constraining the age of the unit
to the middle Miocene age of the Hunter Creek Basalt. The unit is partly
—  earlyto correlative with unit Tst in the adjacent Westfall Butte 7.5' quadrangle (Evans
Tm — middle Miocene and Binger, 1997) to the west and unit Tvt of Brooks and O’Brien (1992a)
— = in the Westfall quadrangle to the east
Tl Littlefield Rhyolite (middle Miocene)—Formation named by Kittleman and
others (1965). Exposed in southeast corner of the quadrangle where it overlics
Hunter Creek Basalt (Th) and the rhyolite of Cottonwood Mountain (map unit
Trem; see below). The Littlefield Rhyolite is lithologically indistinguishable
1 {("‘;jmi from the rhyolite of Cottonwood Mountain (map unit Trem; see below) in the
{ lield so that, where the Hunter Creek Basalt is not present, separation of the
two rhyolite units is difficult. In places, tullaceous sediments (map unit Ts;
sec below) are used to separate the rhyolite units. Littlefield Rhyolite is as much
as 150 m thick in the southeast corner of the quadrangle, close to its thickness
(134 m) in the adjacent South Mountain quadrangle (Evans, 1990b) to the south.
DESCRIPTION OF MAP UNITS Dctailgd descriptions of the uni‘l are given c]scwhcrc.(Evans, 1990a,b). Major-
and minor-element analyses of a sample arc shown in tables 2 and 3 (sample
Qa Alluvium (Quaternary)—Sand and gravel, most extensive along Cottonwood 725). Age is based on stratigraphic position between middle Miocene units and
Creek, its west and south forks, and Swamp Creek. Locally includes slope radiometric ages of Leces (“Ar/"Ar method, 1994)
wask a2 talu-s. B & Josin o .lhwk 1n‘the Tongie dipisiages Ts Sandstone (middle Miocene)—Light gray tuff and tuffaceous sandstone as
Qls Landslide deposits (Quaternary)—.Debns that slid from Hunter Creek-Basalt much as 7 m thick in sec. 25, T. 19 S., R. 40 E. Unit is interpreted as a
see below) and partly covers Dinner Creck Welded Tuff (map unit Tdc; clastic horizon between rhyolite of Cottonwood Mountain and Littlefield
sce below) in NW1/4 sec. 31, T. 18 S., R. 40 W. Rhyolite. A similar sandstone occurs at Allotment 4 Reservoir about 600
QTf  Alluvial fan deposits (late Miocene and (or) Pliocene and (or) Quater- m to the east in the southwest corner of the Westfall quadrangle (Brooks
nary)—Deposits of angular cobble and boulder gravel that retain alluvial and O’Brien, 1992a, sandstone not mapped)
fan momholqu. Clasts include Hunter Creek Ba§alt (map unit Th; see below) Th Hunter Creek Basalt (middle Miocene)—Formation named by Kittleman
and porphyritic _hasall (probably from map unit Tbp, see below) as much and others (1965). Dark-gray to black, very fine grained and glassy, generally
as 1 m across, Dinner Creck Welded Tuff (see below) as much as 2 m across, aphyric basaltic andesite. Locally very vesicular or scoriaceous in upper-
aer smaller_ clasts of lamm.ated welded tuff, rhyolite similar to rhy(?h-tes most part of unit. Weathers most commonly to equant angular fragments
of the. Westfa?l Butte Volcamc§ (Evans E}nd Binger, 1997), aer black obsidian less than 10 cm across, displays columnar jointing. or forms ledges. At
(maximum dlamcte.r 15 cm) in a matrix of brown sand. silt, and clay. As some localities. the formation includes 2-m-thick basal beds of black welded
much as 100 m thick basaltic lapilli tuff that contains minor fragments of fine grained rhyolite
Twt  Welded tuff (middle or late Miocene)—White to light-gray, strongly welded and devitrified rhyolitic welded tuff and 2 m of tuffaceous hyaloclastite
ash-flow tuff that contains minor conspicuous black glass shards. Weath- that contains as much as 75 percent basaltic fragments (maximum diam-
ers into slabs as much as 3 m across, but generally no more than 30 cm eter 20 cm). Hunter Creek Basall typically consists of about 5 percent
in diameter. Most of rock consists of clear glass shards. Contains 2 per- phenocrysts of plagioclase and clinopyroxene as long as 0.5 mm and locally
cent anhedral phenocrysts of fractured and embayed potassium feldspar and glomeroporphyritic, in a groundmass of plagioclase laths less than 0.3 mm
quartz as much as 1 mm long. Secondary hematite is disseminated in the long, interstitial clinopyroxene, and brown to opaque glass. Opacity of the
‘ rock. Unit is 3 to 12 m thick. May have erupted from the Westfall Butte glass in thin sections of some rocks is clcarly related to content of minute
( Jaugeney volcanic center to the west. Major- and minor-element analyses of a sample disseminated opaque mineral grains (magnetite?). Modal composition of
Oy /";Hntrq:(gm II “ of the welded tuff are in tables 2 and 3 (sample 721) the basall is: plagioclase, 25 to 70 percent: clinopyroxene, as much as 25
Sesetuey Do 3 Tbe  Bully Creek Formation (middle to late Miocene)—Formation named by percent; and glass, including contained opaque minerals, as much as 50
Kittleman and others (1965). Mostly white to light-gray, locally gray and percent. In places, the unit contains yellow-brown chalcedony amygdules.
pale-brown siltstone, tuffaceous siltstone, sandstone, tuff and lapilli tuff Major-element composition of samples of this unit is basaltic andesite (tables
and subaqueous ash-flow tuff. In places, formation contains beds of peb- | and 2, samples 723, 724, 10, 54, 63, and 82). The unit appears to be
bly sandstone, conglomerate, and turbidite as much as 3 m thick. Weath- as much as 180 m thick along the ridge east of Little Black Canyon. Age
crs to white Lo light gray silty regolith. Poorly to moderately lithified. is based on stratigraphic position between middle Miocene units and radiometric
Well-lithified beds are welded tulf, in part phonolitic, and sandstone cemented ages of Lees (*Ar/®Ar method, 1994)
by brown hematite or silica. Beds are 1 to 60 cm thick; sandstone beds Tdc Dinner Creek Welded Tuff (middle Miocene)—Named by Greene and others
are locally crossbedded. The conglomerate is poorly bedded or massive. (1972); formerly Dinner Creek Welded Ash-Flow Tuff of Kittleman and
Clasts are angular to subangular and comprise as much as 30 percent of others (1965). Purple, pink. brown and, locally, white strongly welded rhyolitic
the rock in a light-gray sandy matrix. Clasts include laminated rhyolite similar ash-flow tuff together with overlying and underlying lithic lapilli tuff members

to rthyolite of the Westfall Butte Volcanics (Evans and Binger, 1997), white
and gray felsic material. obsidian, pumice fragments (in part rounded), basalt
resembling Hunter Creek Basalt (map unit Th; see below), scoria, and welded
tuff resembling Dinner Creek Welded Tuff (map unit Tdc; see below). The
largest clast found in the conglomerate is an isolated 1-m-long slab of dark
brown hematite-cemented sandstone. Lapilli tuff contains as much as 35
percent lapilli (maximum diameter 15 cm) of white to gray pumice. Tuff
contains diatom frustules indicating deposition in a lacustrine environment.
Local small-amplitude folding of bedding in tuff and lapilli tuff was probably
syndepositional. A subaqueous ash-flow tuff is about 3 m thick and con-
tains angular fragments of thin-bedded tuffaceous siltstone at its base that
were likely ripped up from subjacent lacustrine beds. This basal breccia
grades up to white to light gray tuff, which is conformably overlain by
thin bedded tuffaceous siltstone. This ash-flow tuff could be a marker bed,
as similar rocks are found elsewhere in the Bully Creek (Brooks and O’Brien,
1992a; Evans and Keith, 1996; Evans, unpub. mapping, 1994, Swede Flat

perlite, and minor basalt in a matrix of brown chalcedony and clear glass
that contains less than | percent phenocrysts of plagioclase, quartz, py-

that are usually poorly exposed. The welded member consists largely of
partly devitrified glass shards and locally shows axiolitic structure. It contains
about 1 percent subhedral phenocrysts, as long as 3 mm, of plagioclase,
potassium feldspar (?), and magnetite, and about 2 percent lithic fragments
as much as 5 mm long of devitrified welded tuff, fine grained rhyolite that
has minute grains of disseminated opaque minerals (magnetite?), and
granophyre. In places the welded member is altered to white, green and
brown chalcedony and has lithophysae as much as 1 cm across, probably
products of vapor phase alteration. In the quadrangle, the unwelded tuff
members are as much as 6 m thick, and are absent in places. The whole
formation varies from about 18 to 73 m in thickness, thickening to the northwest
in the direction of an inferred caldera source north of Westfall Butte (Evans
and Binger, 1997). K-Ar dales indicate that the age of the unit is about
15 Ma (Fiebelkorn and others, 1983)

Trem  Rhyolite of Cottonwood Mountain (middle Miocene)—Name suggested by

dant microlites. Dark-gray and brown rhyolile weathers to slabs as much
as 1 m across and 10 cm thick, and contains as much as 10 percent phe-

. |
L 'mr))zz" + 1 i 1
5 ! 7.5 qalsangle), Wik islcss of the Tortation s 180 idic contl extensive exposures of the rhyolite on Cottf)nwood Mountain, 23 km nc'yrtheast
] _ : p - of the quadrangle (Evans, unpub. mapping, 1995, Swede Flat 7.5' quad-
: l part of the quadrangle, as suggested on the cross-section. Age is middle : > . ~
Th i : - T Ao rangle). These rocks were previously named “rhyolite of Bully Creek canyon
to late Miocene regionally; in the quadrangle, the formation is probably £ -
! i . . i ot . - : : - by Brooks and O’Brien (1992b) lor exposures along Bully Creek, 14 km
Blark Cany i | middle Miocene, as suggested by stratigraphic relations with middle Miocene A
, T . to the east of the quadrangle. The rhyolite is exposed near the southeast
€ | units Twt and Thp (see text) s : :
\ | T | - ) . _ 1 . corner of the quadrangle where it underlies Hunter Creek Basalt (map unit
| & ' : Tie Lapilli tuff (middle Miocene)—Light-brown, generally poorly indurated lapilli Th) and Littlefield Rhyolite (map unit TI). Unit includes black vitrophyre
] lU”_- Weathers Lo light-brown POYqury 5011.- Contains angular to sut_)ro_unded and dark gray to brown rhyolite. Vitrophyre weathers to subrounded boulders
k| ) i IS sy lapilli as lgrg‘e as 15 cm of obsidian, W.h“e glassy weld.ed tuff similar to as long as | m and contains as much as 10 Ey/cenl phenocrysts, as long
9'57 It o [ \ﬁ/eldcd .tuﬂ' of lhg Westfall Butte Volce-lmcs (Evans and Blnger, 1997), very as 3 mm, of glomeroporphyritic plagioclase magnetite, pyroxene, and
) ; fine grained rhyolite, granophyre, rhyolite porphyry, rhyolite (flow?) breccia, potassium feldspar in a groundmass of peflitic glass that contains abun-
' )
|

Thbp Basalt porphyry sill (middle Miocene)—Black to gray vesicular,

glomeroporphyritic, diktytaxitic basalt that contains as much as 20 per-
cent vesicles, some of which are filled with amygdules of yellow-brown

Afinies roxene, and' magne.tite. The.tuff appears (o be‘ u?sorted and may b<_3 o ash- nocrysts of plagioclase, potassium feldspar, and magnetite as long as 2 mm,
Reservg ﬂO_W deposit. Maximum thickness of the unit is about 100 m. Similar to in a groundmass of feldspar laths as long as 0.1 mm, light-brown glass
: unit Tbs of Brooks and O’Brien (1992a) that contains spherulites, and abundant, very fine-grained, disseminated

hematite. Rhyolite also contains xenoliths of fine-grained dacite (?) 0.2
mm across. Much of the hematite in the rock may be a product of the breakdown
of pyroxene. About 60 m of the unit is exposed in the southeastern part

|
A
™ ig chalcedony. Basalt contains as much as 35 percent phenocrysts mostly of of the quadrangle. At least 200 m of the rhyolite is found to the east in
T plagioclase as much as 3 mm long, some of which are in clumps as much the northeastern part of the Little Valley 7.5' quadrangle (Brooks and O’Brien,
i : as 3 cm across. Clinopyroxene is ophitic and forms oikocrysts as much 1992b) and to the northeast in the Swede Flat 7.5' quadrangle (Evans, unpub.
L as 3 mm across; in places, the clinopyroxene is nearly opaque in thin section mapping, 1995). Age of the unil is probably middle Miocene, but the exact
L owing to disseminated opaque magnetite and hematite. The groundmass relation between the rhyolite and the Dinner Creek Welded Tufl (Td) is
27 %dﬁ { El A consists of dark brown to opaque glass containing disseminated opaque not known. Age of the unit is based on its stratigraphic position in asso-
| minerals. Some of the plagioclase is embayed by the glass. Modal com- ciation with middle Miocene units and a radiometric date of Lees (*"Ar/
{ | position is: plagioclase 60 percent; clinopyroxene 30 to 40 percent; and YAr method, 1994)
'“' ; glass, including disseminated opaque minerals, as much as 20 percent. Chemical Tm Basalt of Malheur Gorge (early to middle Miocene)—Named by Evans
' 1S N composition is high-alumina basalt (tables 1 and 2, samples 722, 21, 53, (1990a,b; formerly “unnamed igneous complex” of Kittleman and others,
Lj and 55). Xenoliths of diatomite are present locally. A 1.5- to 2.5-m-thick 1965). A study by Binger (1997) suggests that the basalt of Malheur Gorge
Sk dlke_ that originated lrorp the sill intrudes the overlying Bully C.ree.k Formal!on is equivalent stratigraphically, petrographically, chronologically, and geochemi-
- et ¥ T;n- ’; (unit Tbe, see below) in SW1/4 sec. 3, T. 19 8., R. 40 E. Sill is 6 m thick cally to the Imnaha and Grande Ronde Basalts of the Columbia River Basalt
o Thy Hyaloclastite (middle Miocene)—Massive and bedded deposits of mixed white Group. Exposures of the formation in the quadrangle consist of dark gray
el Th . silt and angular clasts of black glass in N1/2 sec. 10, T. 19 S., R. 50 E. to black, finc-grained, generally aphyric basall or basaltic andesite flows
i N Unit interpreted as partly reworked ejecta of a phreatomagmatic eruption typical of the upper part of the formation to the south in the Malheur Gorge
| J QTt :e k. a;fjfl\;} t ' Tm 7 s of sill-forming basalt (map unit Tbp) into wet sediments of the Bully Creek arca, where 600 m are exposed. More detailed descriptions of the forma-
L £ ; Qa 2 n k Td "W Th TI % Formation (map unit Tbhc; see below). Unit is at least 3 m thick tion are in Evans (1990a.b). Agc is based on radiometric ages of Lees (“'Ar/
: * ‘ - Th ' Tbad Basaltic andesite, andesite, and dacite flows (middle Miocene)—Eastern- “Ar method, 1994)
i B ; o/ v j INTERIOR—GEOLOGICAL SURVEY. RESTON, VIRGINIA \gé'nl most outcrops ofdark—gray to black, ﬁne—grained basaltic andesite, andesite,
L SCALE 1:24 000 Gealogy maRestn 1630 and dacite flows that are widespread in the northern part of the Westfall Contact
Lambert conformal conic projection. 1927 North American datum 0 KILOMETERS 1 2 Manuscript approved for publication on Seplember 9, 1998 Butte quadrangle and comprise one member of the Westfall Butte Volcanics
lg,c%ﬁggtr 8:1:::1 rc;r;s(‘J,::S:r:w g?:;?;?atgdstys‘:em, sou:t: zone 0 METERS 1000 2000 — (see Evans and Binger, 1997, for detailed description of unit). Outcrops Fault—Doltted where concealed: bar and ball on down-thrown side. Where
e ] 5 M(@ZES = : in the Little Black Canyon quadrangle are along the western margin in direction of movement has changed. oldest movement is labeled “1”
’ 1000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000 T EI/? sec 25, T. 18 S‘., R. 39 E The flows overlie the p.erda.S“c an'd @10 Location of unaltered rock sample shown in tahle 1
FEET ‘ - sedimentary rocks unit (map unit Tps; see below), but their stratigraphic —
CONTOUR INTERVAL 20 FEET relation to the Bully Creek Formation (map unit Thc) is not known ° Location of altered rock sample shown in table 4
1
A A
et Gregeny Grk. Swamp Crk. Cottonwood Crk. Bend in section Little Block Cyn. e
5,000 r - 5,000
QT¢ Tf Th Tdc Th R Tes s L '
4,000 QL/<—<——‘—:—~L_,—_ZM L rér“‘ e ™ . : M Ti L 4,000
' TDS\ / Tt Qa &Aﬂ :—Tgc ‘st_\ 13 ie. L
= } /\ L Th Th Th Th +
“ The =4 Tbc Tdc . Tdc \ Tdc Trem Y
3000 l\ Th // / Tdc Trem \~3,ooo
E - Tm  [Tim Tm Tm Tm Tm Tm T [
Tdc Tn - L
2,000 Tm 2,000

1,000

ISBN 0-bL0O7-92072-b

GEOLOGIC MAP OF THE LITTLE BLACK CANYON QUADRANGLE, MALHEUR COUNTY, OREGON “ “
By

James G. Evans' and G. Benjamin Binger? 06071520727

1999

This report Is preliminary and has nol been reviewed
for conformity with U S. Geological Survey edilorial stan-
dards (or with the North American Stratigraphic Code)
Any use of trade, product, or firm names is for descrip-
tive purposes only and does not imply endorsement by
the U S. Government

'U.S. Geological Survey, Spokane, Wash.
*Washington State University, Pullman, Wash.



