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MAP SYMBOLS

Contact - approximately located

Fault - Dashed where approximately located; dotted where concealed; 
ball and bar on downthrown side

Inclined bedding - showing strike and dip, measured or estimated

Location of whole-rock XRF geochemical analysis sample - see Table 1
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1 86 LCJ 06 688720E 4263 Rhyolite tuff Tjtg 76.17 12.51 0.17 1.82 0.10 0.53 0.24 4.88 3.47 0.12 2 9 3 12 720 89.5 24 309 91.3 30.7 18.8 0 101 23 41 103 7 4.2 0 3.46 1.36 0.36
4902169N

2 42 LCJ 06 688504E 3952 Rhyolite tuff Tjta 73.21 11.48 0.53 6.16 0.21 1.72 0.44 2.92 3.12 0.21 3 10 14 96 878 64.7 210 425 74.9 34.2 23.2 0 123 7 39 104 5 1.6 9 3.20 4.85 1.01
4898338N

3 44 LCJ 06 689061E 3997 Rhyolite tuff Tjtg 77.70 11.16 0.18 2.23 0.01 0.22 0.13 5.68 2.62 0.07 8 0 3 20 539 106.2 18 362 76.7 48.7 21.4 0 70 8 54 127 15 4.7 1 1.05 1.83 0.33
4897942N

4 72 LCJ 06 685785E 2949 Dacite tuff Tmos 69.71 16.38 0.89 5.23 0.06 2.06 1.11 2.66 1.83 0.09 5 12 14 72 588 56.5 152 296 29.1 14.8 17.8 14 78 13 25 62 6 2.4 8 10.18 4.09 0.57
4897289N

5 23 LCJ 06 687734E 3587 Rhyolite tuff Tjte 81.01 9.69 0.16 1.93 0.04 0.23 0.11 4.02 2.73 0.07 3 0 2 10 847 112.3 37 445 86.6 57.5 18.0 0 91 2 57 133 13 3.2 0 1.28 1.66 0.22
4896117N

6 22 LCJ 06 686303E 4522 Rhyolite tuff Tjtg 77.89 11.57 0.14 1.81 0.02 0.16 0.16 4.57 3.62 0.05 5 0 2 13 604 134.9 19 384 61.4 53.0 24.1 0 115 8 59 128 14 4.5 0 0.97 1.35 0.40
4895270N

7 20 LCJ 06 686943E 4070 Rhyolite tuff Tjta 77.64 11.48 0.17 2.36 0.03 0.22 0.12 4.33 3.58 0.06 6 0 3 15 936 127.4 42 504 105.5 71.6 24.8 0 131 3 76 175 17 4.8 1 0.95 1.82 0.47
4894023N

8 13 LCJ 06 685959E 4243 Rhyolite tuff Tjtg 78.11 11.33 0.18 2.05 0.04 0.36 0.22 4.28 3.36 0.07 7 0 3 16 620 125.6 28 365 67.8 46.4 22.6 0 99 7 53 106 15 4.6 1 1.35 1.45 0.51
4893994N

9 11 LCJ 06 685404E 3915 Rhyolite tuff Tjtt 77.70 12.38 0.21 1.00 0.02 2.27 0.26 3.42 2.67 0.07 2 0 3 15 683 71.2 96 350 53.4 44.1 20.6 0 79 10 54 107 11 4.5 0 11.85 0.27 0.56
4893166N

10 61 LCJ 06 683648E 3605 Rhyolite tuff Tjto 76.06 12.95 0.33 1.77 0.02 0.99 0.27 3.71 3.80 0.08 1 1 5 18 1273 90.5 128 585 68.5 44.1 26.3 0 173 11 56 124 8 4.0 0 1.79 1.31 0.39
4894993N

11 17 LC 06 680810E 3400 Rhyolite tuff Tjta 74.97 11.61 0.30 4.10 0.03 0.83 0.31 5.23 2.54 0.07 9 4 6 28 915 107.8 145 535 86.4 45.3 23.2 0 158 27 44 100 10 3.3 3 2.58 3.59 0.35
4889630N

12 16 LC 06 680322E 3284 Basaltic andesite Tjba 55.39 14.16 2.00 13.56 0.27 6.08 2.26 1.60 3.74 0.92 4 7 30 148 374 45.7 291 243 61.1 20.9 24.9 4 120 2 29 59 3 0.0 31 2.70 8.45 4.27
4889168N

13 18 LC 06 680850E 3320 Rhyolite tuff Tjte 78.79 10.93 0.18 2.29 0.02 0.28 0.15 3.86 3.41 0.07 7 0 2 13 960 117.8 43 490 120.2 64.7 23.7 0 131 2 68 148 16 4.5 1 1.59 1.69 0.50
4889220N

14 03 LC 06 682862E 3408 Basalt Tceb 50.47 12.36 0.83 9.43 0.17 9.26 12.92 2.26 1.64 0.66 261 773 27 262 395 81.6 455 125 32.2 8.7 12.0 87 75 0 26 62 2 1.5 45 3.48 2.84 5.65
4889019N

15 54 LCJ 06 686223E 3540 Andesite vitrophyre Tcdp 62.01 15.73 0.84 6.45 0.12 6.04 4.08 1.23 3.29 0.22 42 103 14 143 1485 44.5 671 223 23.6 18.7 17.7 49 62 6 25 68 5 2.3 17 3.20 2.10 3.76
4889993N

16 55 LCJ 06 687100E 3718 Andesite Tcdp 58.63 15.61 0.94 7.81 0.11 7.01 5.14 1.65 2.85 0.23 62 184 23 182 452 49.6 314 179 23.7 16.3 17.7 58 67 5 20 47 5 1.4 25 2.17 3.02 4.21
4889208N

17 03 LCJ 06 689341E 3233 Andesite Tci 59.58 16.21 1.05 7.22 0.16 6.86 3.95 1.11 3.56 0.32 40 95 18 155 371 35.3 758 168 19.5 13.1 21.9 68 80 5 20 47 2 1.3 22 2.74 2.51 4.08
4893981N

Table 1. Whole-rock XRF (x-ray fluorescence) analyses, Eagle Rock 7.5’ quadrangle, Crook County, Oregon.
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Fields are from Le Bas and others (1986) and Le Maitre and others (1989). Fields are from Le Bas and others (1986) and Le Maitre and others (1989).  

rhyolitedaciteandesitebasaltic
andesite

basaltpicro-
basalt

trachy-
basalt

basaltic
trachy-
andesite

trachy-
andesite

trachyte
(q<20%)

phonolite

tephri-
phonolite

phono-
tephrite

tephrite
(ol <10%)

basanite
(ol>10%)

trachydacite
(q>20%)

40 50 60 70 80

2

4

6

8

10

12

14

16

N
a 2

O
 +

 K
2O

 w
t%

SiO2 wt %

Basaltic andesite (early Oligocene) – Gray to dark gray, platy to massive, fine-grained, 
pilotaxitic, trachytic, aphyric basaltic andesite. The unit weathers to brown and green-brown and 
has a red-weathered basal flow breccia. Altered basaltic andesite exposed along Juniper Canyon 
Road (sec. 20, T.16 S., R. 17 E.) is gray to purple, platy, and pervasively sheared; fractures are 
filled by calcite. In thin section, the basaltic andesite consists of euhedral plagioclase microlites 
that are aligned in two distinct, acute (~60O) flow domains. Plagioclase crystals are separated by 
euhedral to anhedral pale green groundmass clinopyryoxene needles <0.1 mm across and 
sparse olivine. Chemically, the flow is an iron-rich basaltic andesite with 55.39 weight percent 
SiO2, 14.16 weight percent Al2O3, 13.56 weight percent FeO*; 2.00 weight percent TiO2; and 1.60 
weight percent K2O (Sample 12; Table 1; Figure 1). Petrographic and chemical characteristics are 
similar to the middle Miocene Prineville basalt, but the flow is distinguished from the Prineville 
basalt on the basis of stratigraphic position and decreased barium contents (374 ppm Ba). Unit 
Tjba may be correlative with a basaltic andesite dated at 30.1 ± 1.1 Ma recovered from a geother-
mal test well west of Powell Buttes (Evans and Brown, 1981). The unit may also be stratigraphi-
cally equivalent to the chemically similar member B basaltic andesite of Smith and others (1998) 
exposed north of Smith Rock near Gray Butte (unit Tcl of Robinson and Stensland, 1979). Robin-
son and others (1990) report a radiometric age date of 30.8 ± 0.5 Ma (whole rock) for this basaltic 
andesite (also see Fieblekorn and others, 1983). Locally, the unit conformably overlies unit Tjta.

Welded tuff of Antelope Creek (early Oligocene) – Dark purple, pink, and gray, densely 
welded, ash tuff. The cliff-forming tuff is typically massive, but is locally banded by contorted flow 
foliations. The lower part of the tuff is marked by open lithophysal cavities and a densely welded 
base. Pumice and phenocrysts are sparse. Pumice are generally flattened, forming distinct 
fiamme. In thin section, the tuff contains rounded, porphyritic to coarse-grained rock fragments 
and blocky sanidine phenocrysts up to 2 mm across set in a completely devitrified glass shard 
matrix. On the basis of geochemical analyses, the unit is a rhyolite tuff, with 73.21 – 77.64 weight 
percent SiO2, 11.48 – 11.61 weight percent Al2O3, and 2.92 – 5.23 weight percent K2O (Samples 
2,7 and 11; Table 1; Figure 1). The tuff contains relatively high levels of barium (878 – 936 ppm 
Ba) and zirconium (425 – 535 ppm Zr). The Antelope Creek tuff is inferred to be early Oligocene 
in age on the basis of conformable stratigraphic relations above the tuff of Eagle Rock (Tjte) and 
beneath basaltic andesite of unit Tjba. Thickness of the unit is ~30 m.   

Welded tuff of Eagle Rock (early Oligocene) – Yellow-white to gray, densely welded, 
sparsely feldspar-phyric pumice-lithic tuff. The tuff weathers red-orange to yellow and is generally 
massive with distinct columnar jointing east of Eagle Rock. Internally, the tuff has intensely 
welded zones with stretched pumice fiamme up to 0.04 m long. Other zones that are less severely 
welded contain abundant, angular, brown, aphyric lithic fragments and subround, brown-colored 
pumice. The unit is sparsely porphyritic, with white blocky feldspar phenocrysts. The lower part of 
flow is characterized by open lithophysal cavities and zones of vertically inclined platy jointing. 
The tuff is altered in places with ubiquitous secondary vapor phase minerals and disc-shaped, 
yellow to white pumice that has been zeolitized. East of Eagle Rock fractures developed in the tuff 
are filled by silicified breccia. On the basis of geochemical analyses, the unit is a rhyolite tuff, with 
78.79 – 81.01 weight percent SiO2, 9.69 – 10.93 weight percent Al2O3, and 3.86 – 4.02 weight 
percent K2O (Samples 5 and 13; Table 1; Figure 1). The tuff contains relatively high levels of 
barium (847 – 960 ppm Ba) and zirconium (445 – 490 ppm Zr). The Eagle Rock tuff conformably 
overlies the pumice-lithic tuff of unit Tjtt. Equivalent in part to unit Tjw of Swanson (1969). Robin-
son and others (1990) report a radiometric age of 32.1 + 0.7 Ma (K/Ar, plagioclase) for the lower 
ash flow tuff of the southern facies of the John Day Formation, exposed near Prineville Reservoir 
(Table 2). From the location data of Fiebelkorn and others (1983) and the description of Robinson 
and others (1990), the sample is inferred to have been collected from Eagle Rock at the mouth of 
O’Neil Creek (sec. 11, T. 16 S., R. 17 E.). The tuff ranges from 10 to 50 m thick, apparently 
thickening along strike to west.

Tuff and tuffaceous sandstone (early Oligocene) – Unit Tjtt consists of tan and gray to 
green, 0.5-1 m thick beds of massive, fine- to medium-grained, non-welded tuff, stratified 
tuffaceous sandstone and siltstone, lenses of pebble breccia, and massive beds of pumice-rich 
conglomerate. The unit locally includes thin (1 m thick) zones of dark gray welded tuff marked by 
flattened pumice clasts and thin (< 5 mm thick) layers of vitric sandstone. Near the head of Owl 
Creek (sec. 22, T. 16 S., R. 17 E.) the volcaniclastic section is capped by a distinct, buff-colored, 
10 m thick, massive, non-welded pumice-tuff. Feathered pumice fragments are up to 0.05 m 
across. Angular black obsidian fragments are abundant. Lithic fragments are sparse. On the basis 
of geochemical analysis, the tuff is rhyolitic, with 77.69 weight percent SiO2, 12.38 weight percent 
Al2O3, 1.00 weight percent FeO*, and 3.42 weight percent K2O (Sample 9; Table 1; Figure 1). The 
tuff contains relatively high levels of barium (683 ppm Ba), zirconium (350 ppm Zr), and niobium 
(44 ppm Nb). The unit includes all tuff and volcaniclastic sedimentary rocks that are conformably 
interbedded with the welded tuffs of unit Tjto and Tjte and that lie stratigraphically beneath the 
basaltic andesite of unit Tjba. An early Oligocene age is inferred on the basis of stratigraphic 
position. Unconformably overlies rocks of the Clarno Formation.

Andesite and dacite porphyry (Eocene)  – Red-weathering, coarse-grained,  feldspar-
phyric, andesite and dacite porphyry that forms platy to columnar jointed, dome-like masses, 
exposed south of Prineville Reservoir. In thin section the andesite porphyry is seriate-textured, 
glomeroporphyritic and plagioclase-, clinopyroxene-, and hornblende-phyric. Plagioclase, 
clinopyroxene, hornblende, and olivine phenocrysts are up to 3.5 mm across, are variably zoned 
and twinned, and characteristically have embayed and etched surfaces. Glomerocrysts of 
clinopyroxene, plagioclase, and hornblende exceed 7 mm across. Phenocrysts and glomero-
crysts are enclosed in a fine-grained, equigranular groundmass of plagioclase and intergranular 
pyroxene and olivine. The porphyry is ~15 percent plagioclase phenocrysts, 15 percent clinopy-
roxene phenocrysts, 15 percent hornblende phenocrysts, 5 percent glomerocrysts, 50 percent 
groundmass, and 1 percent accessory opaque minerals. The unit includes bulbous masses of 
feldspar-phyric glassy black vitrophyre that weathers to massive gray cliff-forming outcrops and 
contains xenoliths up to 0.01 m across. Red jasper is found scattered along the contact with the 
porphyry. The unit also contains sparse pods of green, matrix supported, andesite porphyry 
breccia exposed along Prineville Reservoir. On the basis of geochemical analyses, the porphyry 
and vitrophyre in the quadrangle have the composition of an andesite, with 58.63 – 62.01 weight 
percent SiO2; 15.61 weight per cent Al2O3; 0.84 weight percent TiO2; and 1.65 weight percent K2O 
(Samples 15 and 16; Table 1; Figure 1). Vitrophyre bodies contain relatively high levels of barium 
(1485 ppm Ba), strontium (671 ppm Sr), and depleted amounts of niobium (18.7 ppm Nb). An 
Eocene age is inferred on the basis of stratigraphic position.

Tc (Eocene) - Andesite to dacite lava flows, intrusions, and volcaniclastic rocks. Equivalent to 
the Clarno Formation of Merriam (1901) and Walker and Robinson (1990), and subdivided into:

Clarno Formation

Tertiary volcanic and sedimentary rocks

Deschutes Formation
Td (Pliocene and late Miocene) – Sedimentary rocks equivalent to the Deschutes Formation of 
Farooqui and others (1981) and Smith (1986a,b) and subdivided into:

Plateau mantling sand and gravel (late Miocene? to Pliocene) – Degraded, uncon-
solidated,  sand, and clast-supported surface-armoring gravel lag deposits flanking and capping 
Miocene sedimentary rocks and basalt. The gravel deposits are dominated by subangular to 
round, cobble- to boulder-sized clasts derived from the underlying Prineville basalt. Locally, the 
unit contains variable percentages of olivine basalt, welded tuff, and petrified wood as clasts. 
The matrix of the gravel consists of brown silt and sand. Loosely consolidated accumulations of 
sand and air fall tephra are present locally within the gravel. The sand component is fine- to 
medium-grained, well-sorted, and consists of angular to subround grains of gray pumice (65 
percent), clear feldspar (20 percent),  and Fe-Mg minerals (15 percent). 

EXPLANATION

Upper Cenozoic surficial and valley-fill deposits

INTRODUCTION

Alluvium  (Holocene and late Pleistocene) – Gravel, sand, and silt deposited in active 
stream channels and on adjoining flood plains. Includes gravel and channel sand deposited in 
active or recently active channels and overbank fines deposited on the modern flood plain of the 
Crooked River (Prineville Reservoir). 

Landslide deposits (Holocene and Pleistocene) – Unconsolidated, clast-supported, 
boulder-dominated breccia deposited by gravity-driven mass-wasting processes. Clast-size in 
the deposits averages 1-3 m across. Intact, slickenside-coated, listrically rotated slide blocks, up 
to 200 m across, are present near the head of Owl Creek (sec. 21, T.16 S, R.16 E.). Upper 
surfaces of Qls deposits form hummocks and ridges incised by drainages that locally contain Qls 
debris remobilized and deposited by sediment-gravity flows. Thickness is highly varied; 
maximum thickness is several tens of meters. 

Terrace deposits (Pleistocene) – Abandoned terraces of the Crooked River composed of 
well-sorted gravel, sand and silt. Maximum thickness of the unit is approximately 20 m. Equiva-
lent in part to unit Qs of Swanson (1969).

 The Eagle Rock 7.5’ quadrangle resides on the southern margin of the Lower Crooked 
River basin (LCRB), near the junction of the High Cascades, High Lava Plains, and Blue 
Mountains geomorphic provinces. The quadrangle encompasses juniper- and sage-covered high 
desert terrain that ranges in elevation from 1515 m (4971 ft) west of Combs Flat to 988 m (3240 
ft) at Prineville Reservoir. Previous work done in the map area includes a reconnaissance 
1:62,500 scale geologic map by Waters and Vaughan (1968) and a 1:250,000 scale map 
compiled by Swanson (1969). The geology in the quadrangle consists of variably structurally 
altered Paleogene volcanic rocks correlated to the John Day (Tj) and Clarno (Tc) formations that 
are unconformably overlain by Neogene sedimentary rocks and the Prineville basalt (Tcp).  
 The middle Miocene (15.7 Ma; Smith, 1986a) Prineville basalt as defined by Tolan and 
others (1989) and Hooper and others (1993) is characterized by closed-textured, iron-rich basalt 
and basaltic andesite that has elevated concentrations of P2O5 (1.25-2.02 weight percent) and Ba 
(1695-3202 ppm Ba) (Ferns and McClaughry, 2006a,b; McClaughry and Ferns, 2006a,b). 
Exposures of the Prineville basalt reach a maximum composite thickness of 210 m within the 
Crooked River canyon near the Bowman Dam type section, just south of the quadrangle. The 
section thins abruptly away from the canyon; flows that cap highlands in the northern part of the 
Eagle Rock quadrangle form thin, shoe-string exposures that are interbedded with and burrow 
into underlying late Oligocene(?) to middle Miocene sedimentary rocks (Tmos). Previously, rocks  
of unit Tmos were considered to be correlative with the upper part of the John Day Formation. 
However, interfingering relations with the middle Miocene Prineville basalt, the presence of a 
distinct angular unconformity with underlying strata at the head of Eagle Creek, and overall lack 
of faulting preclude correlation with the John Day Formation. Unit Tmos is tentatively considered 
to be correlative to the Simtustus (Smith, 1986c) and Mascall (Merriam, 1901; Walker, 1990) 
Formations. 
  Neogene strata unconformably overly units of an Oligocene caldera complex and older 
tuff stratigraphy, temporally equivalent to large ash flow sheets exposed in the John Day Forma-
tion of eastern Oregon (Marsh, 1875; Merriam, 1901; Robinson and others, 1990). The Crooked 
River caldera, centered near Prineville northwest of Eagle Rock, is a northwest trending volcano-
tectonic depression, measuring ~34 km in length by ~24 km across (McClaughry and Ferns 
2006a,c; McClaughry and Ferns, 2007a). The preserved core of the caldera consists of a > 300 
m thick section of Oligocene zeolitized pumice-lithic tuff inset into a dissected section of Eocene 
volcanics. Two, densely welded, pumice and glass shard-rich, outflow tuff cooling units (Tjto and 
Tjtg) are exposed in the Eagle Rock quadrangle and can be traced south of the caldera margin 
to Prineville Reservoir. Outflow units in the quadrangle rest unconfomably upon an older, tilted 
section, of early Oligocene ash flows (Tjta and Tjte; ~ 32 Ma) and an alkali basalt flow (~30.1 Ma) 
(Tjba) (Evans and Brown, 1981; Fiebelkorn and others, 1983; Robinson and others, 1990). Post-
collapse rhyolite domes and flows that intrude or cap caldera-fill outside the quadrangle have 
radiometric age dates that range from 28.8 Ma to 25.8 Ma (Fiebelkorn and others, 1983; Robin-
son and others, 1990; McClaughry and Ferns, 2006a,b). These bracketing radiometric age dates 
constrain the largest caldera forming eruption(s) and deposition of outflow units (Tjto and Tjtg) 
between 30 Ma and 29 Ma. Near Prineville Reservoir, the John Day ash flow stratigraphy discon-
fomably overlies a deeply eroded surface of undifferentiated, overlapping andesite and dacite 
porphyry domes and flows, Mg-rich, alkaline basalt flows, intrusions, and volcaniclastic sedimen-
tary rocks that correlate with the Clarno Formation of  Merriam (1901) and Walker and Robinson 
(1990).  Both John Day and Clarno units exposed in the south part of the quadrangle are locally 
faulted and warped along a northeast trending axis.
 This map depicts a preliminary stratigraphic assessment for the Eagle Rock 7.5’ 
quadrangle and provides a framework for further geologic and geohydrologic analysis of the 
Lower Crooked River basin. The map is released as an interim open-file report and has not yet 
been peer reviewed. The United States Government is authorized to reproduce and distribute 
reprints for governmental use. Geologic data were collected at the 1:24,000 scale combining new 
mapping with published and unpublished data from air photos, orthophotoquads, and digital 
shaded relief images derived from USGS 10 m DEM (Digital Elevation Model) grids. Geochemical 
samples were prepared and analyzed by x-ray fluorescence (XRF) at Franklin and Marshall 
College, Lancaster, PA.  Results of chemical analyses shown in Table 1 have been normalized on 
a volatile-free basis and recalculated with total iron expressed as FeO*. Descriptive rock unit 
names are based upon analyses plotted on the total alkalis versus silica diagram (TAS) of Le Bas 
and others (1986) and Le Maitre and others (1989). Subsurface geology shown in cross section 
incorporates stratigraphic analysis of available Oregon Water Resources Department water-well 
drill records.

Prineville Basalt (middle Miocene) – Black to dark gray, fine-grained, aphyric and 
sparsely plagioclase-phyric, iron-rich basalt and basaltic andesite lava flows. The basalt 
flows are equivalent to the Prineville basalt as defined by Tolan and others (1989) and 
Hooper and others (1993). The Prineville Basalt forms the high plateau in the northwest 
quarter of the quadrangle and the ridge-cap west of Antelope Creek. Outcrop exposures 
are massive to columnar-jointed with lesser amounts of spheroidal weathering. Pillow 
basalt and yellow palagonite are present where the contact with underlying sedimentary 
strata of unit Tmos is exposed. In thin section the basalt is hypocrystalline, with 60 
percent crystals, and 40 percent glass, with a hyalopilitic groundmass texture made up 
of glass, plagioclase laths, clinopyroxene grains and abundant opaque mineral grains. 
The basalt contains < 2 percent olivine microphenocrysts. Chemical analyses from 
adjacent quadrangles (Ferns and McClaughry, 2006a,b; McClaughry and Ferns, 
2006a,b) indicate that these basalt flows are chemically similar to the Bowman Dam type 
flows defined by Hooper and others (1993). The basalt is characterized by low amounts 
of alumina (13.15-15.22 weight percent Al2O3) and high concentrations of iron (9.01-
13.71 weight percent FeO*) phosphorus (1.25-2.02 weight percent P2O5) and barium 
(1695-3202 ppm Ba). A middle Miocene age is based on a radiomentric age of 15.7 ± 0.1 
Ma (40Ar/39Ar; Smith, 1986a) on the basal flow at Pelton Dam in the Deschutes Basin and 
intertonguing relationships between reversed magnetic polarity Bowman Dam type flows 
and R2 Grande Ronde Basalt flows north of the Deschutes Basin (Hooper and others, 
1993). According to Hooper and others (1993) lower Bowman Dam type flows display 
reversed magnetic polarity while the capping Bowman Dam type flow displays normal 
magnetic polarity.

Tuffaceous sedimentary rocks (late Oligocene? to middle Miocene) – 
Moderately indurated deposits of white to tan, massive sandstone, brown to tan 
tuffaceous siltstone, white to dark gray, stratified, plane-parallel to massively bedded 
volcaniclastic sandstone, black, well-sorted, clast-supported cobble conglomerate 
composed of clasts of rhyolite and Prineville basalt, and massively bedded white 
pumice-crystal-lithic tuff. Minor matrix-supported cobble to boulder conglomerate is 
present near the top of the section. Well-exposed sections in the quadrangle are charac-
terized by massive bedding, cut- and fill-relations, channel forms, rip-up fragments, and 
locally abundant burrow traces. Where the unit is directly overlain by the Prineville 
basalt, the basalt burrows into or intertongues with sedimentary strata. The contact is 
typically marked by basalt pillows and intermixed yellow-orange palagonite, diatomite, 
and tuffaceous siltstone. An interbedded dacite tuff in the quadrangle is characterized by 
69.71 weight percent SiO2, 16.38 weight percent Al2O3, 5.23 weight percent FeO* 
(Sample 4; Table 1; Figure 1). The tuff has relatively high amounts of barium (588 ppm 
Ba) and low amounts of niobium (14.8 ppm Nb). A middle Miocene age for the upper part 
of the unit is based on conformable intertonguing relationships between Tmos sedimen-
tary strata and the Prineville basalt. Previously, these rocks were considered to be the 
upper part of the John Day Formation, but the base of unit Tmos overlies John Day age 
strata with distinct angular unconformity at the head of O’Neil Creek (sec. 2,3, T.16 S., 
R.17 E.). Herein unit Tmos is tentatively considered to be correlative to the Simtustus 
(Smith, 1986c) and Mascall (Merriam, 1901; Walker, 1990) Formations.  

Tj (Oligocene) – Succession of interbedded welded ash tuffs, subaerial tuffaceous sedimentary 
deposits, and basaltic lava flows. Equivalent to the John Day Formation of Marsh (1875), Merriam 
(1901), and Robinson and others (1990) and subdivided into:

Welded tuff of O’Neil Creek (Oligocene) – Gray to pink and white, welded, lithic-pumice 
tuff. The tuff is characterized by angular lithics, flattened pumice, and an overall paucity of 
crystals. Lithics consist of gray aphyric andesite and white to pink silicic rock fragments. The base 
of the tuff is, in places, marked by a black, 1-2 m thick densely welded glassy zone. The unit is 
mapped separately where it overlies a green, non-welded pumice-rich lithic tuff; it forms a single 
cooling unit as much as 120 m thick, where it rests directly upon the underlying tuff of Gravy 
Gulch (Tjtg). In thin section, the tuff is eutaxitic and distinctly welded with flattened, stretched, and 
aligned pumice and glass fiamme. Fused fiamme wrap around blocky to subround sanidine and 
plagioclase feldspars and lithic fragments; crystals and lithics are rotated along the discontinuous 
lamination created by the aligned fiamme. The tuff also contains round, brown to pink, aphyric 
and porphyritic lithics up to 1.5 mm across that are encased by 0.1 mm thick recrystallized rims. 
On the basis of geochemical analysis, the unit is a rhyolite tuff, with 76.06 weight percent SiO2; 
12.95 weight percent Al2O3; 1.76 weight percent FeO*; and 4.70 weight percent K2O (Sample 10; 
Table 1; Figure 1). The tuff contains relatively high levels of barium (957 ppm Ba), zirconium (585 
ppm Zr), and niobium (44.1 ppm Nb). On the basis of geochemistry, petrology, and stratigraphic 
position, the tuff of O’Neil Creek is considered to be the upper of two cooling units that represent 
outflow facies from the Crooked River caldera (McClaughry and Ferns, 2006a, b, c; 2007a). An  
Oligocene age is inferred on the basis of stratigraphic position and correlation with intracaldera-fill 
tuff. 

Tjtg
Welded tuff of Gravy Gulch (Oligocene) – Pink-red to gray, moderately indurated, non-
welded to locally rheomorphic, pumice-lithic tuff exposed on the east end of Combs Flat and south 
of Antelope Creek. Non-welded zones consist of fresh, pumice, lithic, and glass shard-rich 
outcrops exposed as gray weathering knobs that break into large slabs. These outcrops contain 
flattened, feathered pumice fragments up to 0.06 m long that are aligned parallel to bedding. 
Pumice appears to be bimodal in composition including a population of white to light gray pumice 
and black pumice with distinct white flow-banding. Lithics are angular, average ~ 0.01 m across, 
and consist of gray and pink aphyric and coarse-grained rock fragments. In thin section, the tuff 
contains white to gray sanidine (0.7 - 1 mm across) phenocrysts and sparse, pale green clinopy-
roxene (augite) microphenocrysts embedded in a non-welded glass shard- and ash-rich matrix. 
Glass shards are deformed around phenocrysts, but are not severely flattened or fused to one 
another. Rheomorphic zones are exposed in friable weathering outcrops characterized by pink-
red to gray lithic-rich, crystal-poor tuff with feathered yellowish-white and gray pumice up to 0.01 
m across. Lithic-rich tuff grades downward into lithophysal zones that contain contorted vertical 
flow-foliations. Lithophysal cavities are as large as 0.3 m in diameter; some cavities are quartz-
filled. Locally, a glassy, perlitic vitrophyre is exposed beneath lythophysal zones. Based on 
geochemical analyses, the unit is a rhyolite tuff, with 76.17-78.11 weight percent SiO2; 11.16-
12.51 weight percent Al2O3; 1.81-2.22 weight percent FeO*; and 4.28-5.68 weight percent K2O 
(Samples 1,3,6 and 8; Table 1; Figure 1). The tuff contains relatively high levels of barium (539-
720 ppm Ba), zirconium (309-384 ppm Zr), and Niobium (30.7-53.0 ppm Nb). On the basis of 
geochemistry, petrology, and stratigraphic position, the tuff of Gravy Gulch is considered to be the 
lower of two cooling units that represent outflow facies of the Crooked River caldera (McClaughry 
and Ferns, 2006a, b, c; 2007a). An Oligocene age is inferred on the basis of stratigraphic position 
and correlation with intracaldera-fill tuff. The unit has an irregular distribution and variable 
thickness.

Tuffaceous sandstone and siltstone (Oligocene) – Green, maroon, to yellow-brown, 
claystone and tuffaceous siltstone. The unit is best exposed in excavations and along incised 
drainages in the southeast corner of the Stearns Butte 7.5’ quadrangle (McClaughry and Ferns, 
2007b). Bedded claystone at this locality strikes N25OE, dips 45ONW, and rests conformably upon 
the basaltic andesite of unit Tjba. Outcrops degrade to angular chips and expanded popcorn-
weathered clays. The unit includes all sedimentary rocks that locally, conformably overlie the 
basaltic andesite of unit Tjba and that are interbedded with tuff facies of the Crooked River 
caldera. These strata are correlative with sedimentary rocks exposed above intracaldera fill tuff in 
the Prineville 7.5’ quadrangle (unit Tjs) (McClaughry and Ferns, 2006a). An Oligocene age 
inferred on the basis of stratigraphic position. 

Colluvium (Holocene and Pleistocene) – Unconsolidated, clast-supported, talus and 
alluvium deposited by mass-wasting processes and unconcentrated surface runoff at the base of 
steep slopes east of Antelope Creek.

John Day Formation

Volcaniclastic sedimentary rocks (late Eocene to early Oligocene) – Red-
weathering, massive to thinly bedded, 0.02 to 0.6 m thick beds, of volcanic sandstone, siltstone, 
and claystone, that weather to form rounded, badland topography along Prineville Reservoir west 
of Owl Creek. Includes interbedded white, fine-grained tuffaceous sandstone beds and matrix-
supported conglomerate deposits at the mouth of Owl Creek and at the east end of Prineville 
Reservoir. Sedimentary strata are dominated by euhedral plagioclase crystals up to 2 mm long 
and rounded volcanic rock fragments, all of which have been largely converted to clay. Overlain 
by alkali olivine basalt flows of unit Tceb to the west and tuffaceous sediments of unit Tjtt to the 
northeast. Considered by Robinson and others (1990) to be equivalent to the Big Basin Member 
of the John Day Formation (Fisher and Rensenberger, 1972). On the basis of stratigraphic 
position beneath unit Tceb, unit Tces is considered to have a late Eocene to early Oligocene age 
and is assigned to the Clarno Formation. 

Alkali olivine basalt (late Eocene to early Oligocene) -  Black to dark gray, blocky 
columnar to platy jointed, fine- to medium-grained, olivine-, clinopyroxene, and orthopyroxene-
phyric basalt flows exposed along Prineville Reservoir. The unit may include at least two flow 
packages, separated by a purple weathering interflow zone. In thin section, the basalt consists of 
seriate-textured, embayed, subhedral, equant, iddingsite-rimmed olivine up to 2 mm across, and 
subhedral, chlorite-rimmed clinopyroxene and orthopyroxene up to 1.8 mm across. Phenocrysts 
are enclosed in a fine-grained, equigranular groundmass of similar composition. The groundmass 
wraps around phenocrysts and fills embayments in the larger crystals. The basalt consists of 30 
percent olivine phenocrysts, 25 percent pyroxene phenocrysts, and 45 percent groundmass. On 
the basis of chemical analysis, the unit is a high-magnesium, alkali-olivine basalt with 50.5 weight 
percent SiO2; 12.4 weight percent Al2O3; 12.9 weight percent MgO; and 2.3 weight percent K2O 
(Sample 14; Table 1; Figure 1). A late Eocene to early Oligocene age is inferred on the basis of 
stratigraphic position. 

Vent deposits (Eocene) –  Red to gray weathering welded scoria and fluidal volcanic bombs 
draped by gray, aphyric spatter locally exposed beneath claystone of unit Tces. An Eocene age 
is inferred on the basis of stratigraphic position.

Andesite intrusion (late Eocene to early Oligocene) – Dark gray to black, N70OE 
trending, closed texture, fine-grained, holocrystalline, aphyric to clinopyroxene-microphyric 
andesite dike or plug that intrudes sedimentary rocks of unit Tces and dacite porphyry of unit Tcdp 
on the east end of Prineville Reservoir. The dike has distinct columnar jointing with pseudo-
hexagonal columns up to 0.5 m across. Columns are generally convex in form and converge 
upward in the outcrop. The dike is more massive near the top, where it is marked by red and black 
swirled flow banding. In thin section, the andesite is composed of discreet subhedral to euhedral 
microphenocrysts and glomerocrysts of clinopyroxene up to 0.5 mm across that are enclosed in 
a groundmass of equigranular, trachytic plagioclase and intersertal, yellow-brown, devitrified 
glass. The alignment of groundmass plagioclase crystals define two distinct flow demains. The 
andesite consists of 15 percent clinopyroxene microphenocrysts and glomerocrysts, 65 percent 
groundmass,  and 20 percent devitrified glass. On the basis of chemical analysis, the intrusion is 
an andesite with 59.6 weight percent SiO2; 16.2 weight percent Al2O3; 1.1 weight percent K20; and 
3.6 weight percent Na2O (Sample 17; Table 1; Figure 1). A late Eocene to early Oligocene age is 
inferred on the basis of stratigraphic position.  
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Table 2. K/Ar radiometric age-date determination for the Eagle Rock 7.5’ quadrangle, Crook County, 
Oregon (Robinson and others, 1990; Fiebelkorn and others, 1983).

Sample Map Lithology UTM Age (Ma) Method Material K20 wt. % 40Ar rad x 1011 Percent 40Ar rad
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648-625A Tjte Rhyolite tuff 4896180N? 32.1±0.7 K/Ar Plagioclase 0.396 1.849 21.47
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