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MAP SYMBOLS

Contact — Approximately located

Fault — Dashed where inferred; dotted where concealed; queried where doubtful; bar and ball
on downthrown side; dip of fault plane in direction of arrow

Strike and dip of beds
Horizontal beds

Dike — Dike with dip close to 90°; all dikes are of basalt or basaltic andesite composition unless
otherwise labeled

Thermal spring

Temperature-gradient hole — Only holes with data available to the public are shown. All data
are published in DOGAMI open-file reports

Outline of present day Cougar Reservoir

Tables 1, 2, and 3 are printed on a separate sheet accompanying this map.

EXPLANATION
SURFICIAL UNITS

Alluvium (Pleistocene and Holocene) — Fluvial sands and gravels with minor lacustrine
deposits of modern stream valleys

Landslide deposits (Pleistocene and Holocene)

Colluvium (Pleistocene and Holocene) — Unconsolidated talus deposits mixed with alluvial fan
deposits

Slide block (Pleistocene or Holocene)

Glacial and glaciofluvial deposits (Pleistocene) — Undivided till and outwash deposits

Youngest till (Qms) and outwash (Qgs) deposits of the most recent glaciation in the area
(Pleistocene) — Till and outwash gravels with relatively fresh clasts. Possibly correlative to
deposits of the Suttle Lake glaciation emplaced about 30-12 ka (Shackleton and Opdyke, 1973;
Scott, 1977; Bacon, 1983)

Till (Qmj) and outwash (Qgj) deposits (Pleistocene) — Moderately weathered glacial deposits
locally overlying unit Qma and underlying units Qms or Qgs. Possibly correlative to Scott’s (1977)
Jack Creek glaciation that occurred about 80-40 ka or 200-120 ka

Oldest till deposits (Pleistocene) — Moderately to heavily weathered glacial deposits locally
overlain by units Qmj or Qgj. Possibly correlative to Scott’s (1977) Jack Creek or Abbott Butte
glaciation; the former occurred about 80-40 ka or 200-120 ka; the latter occurred between 900 ka
and 200 ka (Scott, 1977)

FEET
6000

Horsepasture Mtn

5000
4000
3000

Foley Ridge

A Horse Creek

Qbs

Qbt

Qbc

Qhs

QTpm

QTm

1000

-\ McKenzie River

VOLCANIC UNITS

Upper Pliocene and Quaternary volcanic and volcaniclastic rocks
Correlative to volcanic rocks of the late High Cascades episode of Priest and others (1983) and to
the upper part of the volcanic rocks of the High Cascade Range and Boring Lava of Peck and others
(1964)

Basaltic andesite of Sims Butte (upper Pleistocene or Holocene) — Black to dark-gray, fine-
grained basaltic andesite (54.1-55.0 percent SiO,), with 5-6 percent plagioclase phenocrysts up to
4 mm long with extensively melted and embayed reverse-zoned cores and minor small (1- to 1.5-
mm-long) olivine phenocrysts. Unit consists of intracanyon lava that flowed down the valley of the
White Branch of the McKenzie River; aa lava flows in the map area, pahoehoe near the vent at
Sims Butte. Maximum thickness is 24 m in the map area. Unit was erupted prior to the Mazama
ash fall about 7 ka (Bacon, 1983) but after the last glaciation about 12 ka (see unit Qgs)

Basaltic lava flows from Scott Mountain (Pleistocene) — Dark-gray basaltic lava flows
exposed in the headwaters of Boulder Creek. Black vesicular basalt and basaltic andesite (52.0-
54.1 percent SiO,) with 4-8 percent phenocrysts up to 2 mm long of zoned, corroded plagioclase and
fresh olivine; some glomerocrysts of the same minerals. Maximum thickness is about 24 m. Older
than unit Qms but younger than unit Qmj

Basalt of Two Butte (Pleistocene) — Olivine basaltic lava flows similar to unit Qbsm but
originating from the Two Butte volcanic center. Black to gray, fine- to coarse-grained basalt flows
(50.2-51.7 percent SiOy), with 4-6 percent partially iddingsitized, 2- to 4-mm-long olivine pheno-
crysts with minor plagioclase phenocrysts. Maximum thickness about 90 m. Unit was erupted
before unit Qms but after the basalt of Cupola Rock (unit Tpe). Distribution controlled by
Pleistocene topography

Basalt and basaltic andesite (Pleistocene) — Fresh, dense, medium-gray olivine basalt and
basaltic andesite. May have been erupted from a small vent on Foley Ridge, on basis of outcrop
pattern in immediate vicinity of vent (SW'4 sec. 22, T. 16 S., R. 6 E.) and absence of these lava flows
farther east up the Horse Creek-Separation Creek drainages. Maximum thickness about 98 m. K-
Ar age of 0.46+0.06 Ma (Table 1); normally polarized

Clinopyroxene-phyric lava flows (Pleistocene) — Fine-grained, sparsely clinopyroxene-phyric
basaltic andesite intracanyon lava. Maximum thickness about 120 m. Unit has normal magnetic
polarity, occurs on a lower intracanyon bench than the basalt of Roney Creek (unit QTr), and
underlies unit Qgj

Basalt of Pothole Creek (Pleistocene) — Light-gray, slightly inflated, platy-jointed, olivine-
bearing augite basalt (52.2 percent SiO,), forming benches on north side of Pothole Creek. Thin
section shows phenocrysts of subhedral augite in subtrachytic groundmass of plagioclase, augite,
hypersthene, and Fe-Ti oxides. Also present are minor phenocrysts of pale-green iddingsitized
olivine and hornblende ghosts (hornblende completely replaced by granular iron oxides and py-
roxene). Void space commonly contains vapor-phase biotite. Consists of one lava flow approx-
imately 9 m thick. Normal magnetic polarity. Partly fills channel eroded into poorly indurated
debris flows of volcaniclastic rocks of Horse Creek (unit Qhs). Pleistocene age inferred from topo-
graphic position. Unit Qp is a moderately incised intracanyon lava flow that lies 213 m lower than
adjacent basalt of Roney Creek (unit QTr) with a K-Ar age of 1.71+0.18 Ma

Undivided basalt and basaltic andesite lava flows (Pleistocene) — Light-gray intracanyon
basalt and basaltic andesite. Maximum thickness about 70 m. Unit overlies the basalt of Roney
Creek (unit QTr) and underlies unit Qgj

Basalt of Foley Ridge (Pleistocene) — Very fresh, gray, open-textured (diktytaxitic) olivine
basalt (48.8-50.7 percent Si0,), with fresh or iddingsitized olivine phenocrysts in a groundmass of
plagioclase, ophitic to subophitic augite, and Fe-Ti oxides. All but one analysis of these lava flows
had titania contents below 1.6 percent. Rocks are similar to those of basalt of Cupola Rock (unit
Tpc) and the basalt of Roney Creek (unit QTr) but differ because of generally lower titania
contents and occurrence on lower intracanyon benches. Unit Qf occurs as two intracanyon benches
with elevations of 610 and 488 m. Maximum thickness of the older bench is about 200 m; the
younger is about 170 m thick. The age of the older bench is constrained by (1) a K-Ar age of
3.96 +1.12 Ma (Table 1) near its base, (2) its position filling a canyon cut into unit Tlpa with K-Ar
age of 3.64 +0.22 Ma and the basalt of Roney Creek with a maximum age of about 1.71 Ma (Table
1), and (3) K-Ar age of 0.46+0.06 Ma on capping unit Qba (Table 1). A whole-rock age of
5.19+0.06 Ma was reported from the crest of the older bench (Sutter, 1978; Fiebelkorn and others,
1983), but the location of this sample is in doubt (Priest and others, 1983) because no rock crops out
at the published location. The age of the younger bench is constrained by (1) K-Ar ages of
2.05+0.52 Ma and 2.23 +0.37 Ma from whole-rock samples (Brown and others, 1980; Fiebelkorn
and others, 1983), (2) a K-Ar age of 0+0.1 Ma on plagioclase and a whole-rock sample from the
outcrop with the 2.05-Ma age (Table 1), (8) normal magnetic polarity, and (4) location in a canyon
probably postdating unit Qba, which has an age of 0.46 + 0.06 Ma. Therefore, the age of the older
bench is probably between about 1.7 Ma (approximate age of the basalt of Roney Creek) and
0.46 =0.06 Ma (age of unit Qba). The younger bench is less than 0.46 Ma in age, but the inverted
topography of the younger bench argues against its being younger than the last glaciation

Basalt (Pleistocene) — Fresh, slightly diktytaxitic olivine basalt flows (49.9 percent SiO,), with
fresh or iddingsitized olivine phenocrysts in groundmass of plagioclase, ophitic to subophitic
augite, and Fe-Ti oxides. Groundmass clinopyroxene is commonly brown. Consists of two or three
blocky-jointed flows with total thickness of approximately 150 m. Normal magnetic polarity.
Similar chemically and physically to lava flows of basalt of Foley Ridge (unit Qf), although those
lavas are typically more highly diktytaxitic. Intercalated and in erosional contact with
volcaniclastic rocks of Horse Creek (unit Qhs) at confluence of Pothole Creek and Horse Creek

Volcaniclastic rocks of Horse Creek (Pleistocene) — Weakly to moderately well-indurated
debris-flow deposits and minor coarse-grained sandstones. Includes poorly sorted, matrix-
supported laharic breccias containing angular to rounded clasts of aphyric and porphyritic basalt
and basaltic andesite. Occurs at the confluence of Horse Creek and Pothole Creek, where it is
approximately 150 m thick. Pleistocene age inferred from topographic position. Unit Qhs is
intercalated with unit Qb and is overlain by the basalt of Pothole Creek (unit Qp)

Basalt of Horse Creek (Pleistocene) — Zeolitized medium- to dark-gray compact
glomeroporphyritic olivine basalt (49.6-51.8 percent SiQ,). Forms intracanyon benches low on the
south side of Horse Creek near its confluence with Mosquito and Eugene Creeks. Individual flows
are typically blocky to slightly hackly jointed and 3-5 m thick. Total thickness is approximately
140 m. Normal magnetic polarity. One thin section shows plagioclase and iddingsitized olivine
phenocrysts in a groundmass of tachylite glass. Pleistocene age inferred from topographic position.
Unit Qbh is an incised intracanyon sequence of basalt lava flows that lies 183 m lower than the
adjacent basalt of Roney Creek (unit QTr) that has a maximum K-Ar age of 1.71+0.18 Ma

Basaltic andesite of Eugene Creek (Pleistocene) — Fresh, medium-gray compact olivine
basaltic andesite (54.7 percent SiO,). Forms intracanyon benches high on the south side of Eugene
Creek. Individual flows are typically hackly jointed and a meter to several meters thick. Total
thickness is approximately 150 m. Normal magnetic polarity. Thin section shows deeply embayed
iddingsitized olivine phenocrysts in intergranular groundmass of plagioclase, augite, and Fe-Ti
oxides. Pleistocene age inferred from topographic position. Unit Qe is an intracanyon lava flow
that lies 107 m below the Bear Flat bench

Sedimentary rocks of Cougar Reservoir (upper Pliocene or Pleistocene) — Subrounded to
subangular, cobble- to pebble-sized clasts of andesite of Walker Creek (unit Tma) and basalt in a
poorly sorted argillaceous sand matrix. Crops out in two places along Cougar Reservoir.
Northernmost outerop has clasts exclusively of andesite of Walker Creek; southernmost outcrop
contains a large proportion of basaltic lava clasts. Lithic fragment compositions indicate that at
least the northernmost outcrop is entirely from local sources in the Western Cascades. Maximum
thickness about 70 m. Probably correlative to the sedimentary rocks of Mill Creek (unit QTm)

Sedimentary rocks of Mill Creek (upper Pliocene and Pleistocene) — Not well exposed, but
available exposures are composed primarily of poorly indurated debris-flow deposits with
subordinate coarse-grained friable sandstones. Debris-flow deposits are poorly sorted with
subrounded to subangular pebble- to boulder-sized clasts of andesite of Walker Creek (unit Tma)
and basalt (basalt of Frissell Point [unit Tmf] and others of indeterminate assignment) set in a
matrix of sand, silt, and minor clay. Sandstones are coarse grained and poorly sorted. Maximum
thickness of about 610 m. Bench of lava of unit Qf with K-Ar age of 1.68 +0.16 Ma (Table 1) overlies
poorly exposed sedimentary rock similar to unit QTm about 240 m lower in elevation than the top
of unit QTm, so part of unit may be older than this. Underlies the basalt of Foley Ridge (unit Qf)
with K-Ar age of 0+0.1 Ma and unit Qba with K-Ar age of 0.46+0.06 Ma (Table 1). Mantles
topography that is in part early Pleistocene in age

Basalt and basaltic andesite of Bear Flat (upper Pliocene or Pleistocene) — Fresh to slightly
altered compact olivine basalt and basaltic andesite lava flows (48.3-53.5 percent Si0,). Basal part
of unit exposed in the Eugene Creek drainage has abundant volcaniclastic material, including
crudely bedded cinders, agglutinate, surge deposits, and minor conglomerate. Although the lava
flow capping unit QTbf in the Eugene Creek drainage is a diktytaxitic olivine basalt (48.3 percent
Si0,), most of the lava flows are high-silica (nearly 53 percent SiQ,) basalt. Thin sections typically
show sparse, deeply embayed, iddingsitized olivine phenocrysts in an intergranular groundmass of
seriate plagioclase, clinopyroxene, glass, and Fe-Ti oxides. Alteration, when present, consists of
replacement of olivine by smectite clays. Normal magnetic polarity. Maximum thickness is 460 m
at the western margin of Bear Flat. The source of the lava flows of unit QTbf is a low, largely intact
shield volcano south of Olallie Mountain that may also be the source of the lava flows of the basaltic
andesite of Eugene Creek (unit Qe). Fills canyons eroded into basalt of Tipsoo Butte (unit Tmp)
and unit Tmp3. Unit QTbf is younger than 5.13 +0.01 Ma, the average age, weighted for error, of
unit Tmp3 and older than basaltic andesite of Eugene Creek, which occurs in intracanyon benches
of lower elevation

Basalt of Roney Creek (upper Pliocene or Pleistocene) — Very fresh, gray, medium-grained
diktytaxitic olivine basalt (48.1-50.9 percent SiO,) containing fresh or iddingsitized olivine
phenocrysts in groundmass of plagioclase, ophitic to subophitic augite, and Fe-Ti oxides.
Groundmass augite is brown in transmitted light. Rocks are very mafic (usually <50 percent SiO,).
Titania values are variable, ranging from <1.4 percent to >2 percent. Forms thick (up to 18 m)
blocky to crudely columnar lava flows that cap ridges east of Horse Creek and west of Mill Creek.
Includes both reversely and normally magnetized flows. The maximum thickness is approximately
150 m. Flaherty (1981) obtained dates of 3.5 +1.1 Ma and 4.8 + 1.4 Ma on one sample from the base
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of the unit opposite Mosquito Creek. Priest and Vogt (1983) published a date of 6.8 +1.18 Ma from
a lava flow higher in the section. An age of 1.71 + (.18 Ma was obtained on plagioclase from a lava
flow with reversed magnetic polarity intercalated in volcaniclastic rocks of unit QTs immediately
below the base of unit QTr. An age of 1.68+0.16 Ma was obtained on plagioclase from a
diktytaxitic lava flow about 0.25 km west of the map boundary (see location of sample BR-37 on
Figure 1). This flow is similar in stratigraphic position and composition to unit QTr. The 1.71-Ma
and 1.68-Ma ages are considered to be more reliable than the older ages because of stratigraphic
relationships and lower statistical errors. The mean age of these two samples is 1.70 +0.02 Ma.
Both the 1.68-Ma and 1.71-Ma ages fall within a normal polarity interval of the Matuyama
reversed epoch (LaBrecque and others, 1977), but both analyzed rocks have reversed magnetic
polarity. The two lava flows were therefore probably erupted during reversed polarity intervals at
1.62-0.95 Ma or 2.41-1.83 Ma (intervals of LaBrecque and others, 1977). At one standard deviation,
the mean age overlaps these reversed polarity intervals at ages of 1.62-1.50 Ma and 1.90-1.83 Ma

Volcaniclastic rocks (upper Pliocene or Pleistocene) — Debris flows and coarse sandstones
with abundant clasts of diktytaxitic and dense basalt; includes occasional thin basaltic lava flows.
Maximum thickness of about 90 m in the Horse Creek area. The unit overlies basalt of Cupola Rock
(unit Tpe) with probable basal age of 2.7-2.41 Ma. A reversely polarized lava flow in the uppermost
part of unit QTs near Horse Creek yielded a K-Ar age of 1.71+0.18 Ma. The reversed polarity is
consistent with eruption during reversed polarity intervals at 1.62-0.95 Ma or 2.41-1.83 Ma
(intervals of LaBrecque and others, 1977). At one standard deviation, the K-Ar age overlaps these
reversed polarity intervals at 1.89-1.83 Ma and 1.62-1.53 Ma

Basalt of Cupola Rock (upper Pliocene) — Fresh, diktytaxitic basalt (47.1-52.2 percent SiOy)
similar in mineralogy and texture to the basalt of Foley Ridge (unit Qf) and basalt of Roney Creek
(unit QTr). Titania values are generally about 1.7-2.5 percent. Most typical rock type is
holocrystalline, with intersertal to subophitic brownish clinopyroxene between a network of
plagioclase, olivine, and acicular Fe-Ti oxides. Generally has minor fresh or slightly iddingsitized
olivine phenocrysts. Somewhat finer grained and with higher titania values than the basalt of
Foley Ridge. Partially fills a canyon cut in the basalt of Foley Ridge and the basalt of Roney Creek.
Maximum thickness of unit Tpec is about 400 m near Scott Creek. K-Ar ages are 2.6 + 0.2 Ma and
2.2+ 0.1 Ma at base (Armstrong and others, 1975; Fiebelkorn and others, 1983) and 0.88 +0.33 Ma
in upper part (Table 1). Underlies basalt of Roney Creek with K-Ar age of about 1.7 Ma and overlies
basalt of Scott Creek (unit Tpsl) with K-Ar age of 2.35+0.14 Ma (Table 1). The 0.88-Ma age is
probably not accurate because of the high analytical error and position below basalt of Roney
Creek. Average age of the basal rocks, weighted for error, is 2.28 + 0.09 Ma. Mean age of basal rocks
is 2.4 0.3 Ma. The two basal samples have normal magnetic polarity, suggesting an age in the
2.84- to 2.41-Ma normal polarity interval of the Gauss magnetic normal polarity epoch (magnetic
polarity time scale of LaBrecque and others [1977]). At one standard deviation, the mean age
overlaps the age of this polarity interval at 2.7-2.41 Ma. K-Ar age of unit and chemical composition
are essentially the same as the basalt of Scott Creek, so the two units may be part of the same
eruptive episode

Basalt of Scott Creek (upper Pliocene) — Fine-grained lava flows with interbedded pillows and
palagonitic sedimentary rocks and minor diatomite. Lava flows are dense basalt similar in
chemical composition (48.4-50.9 percent SiO, and 1.70-2.26 percent titania) to the basalt of Cupola
Rock (unit Tpc). Maximum thickness is about 200 m. K-Ar age of 2.35+0.14 Ma (Table 1).
Overlain by basalt of Cupola Rock with basal age of approximately 2.7-2.41 Ma. Similarity of age
and composition to the basalt of Cupola Rock suggests that the two units may be part of the same
eruptive episode. Dikes occurring geographically within unit Tpsl are of same composition as unit
Tpsl, suggesting that it was erupted from local vents

Basalt of Mosquito Creek (lower and upper Pliocene) — Medium-gray, compact, fine-grained
olivine basalt (49.6-51.8 percent SiQ,) in a flow-on-flow sequence in which individual lava flows
are typically 3 to 6 m thick. Most are blocky jointed. Some flows are >15 m thick and have crudely
columnar-jointed bases. Forms intracanyon bénches at the confluence of Horse Creek and Mosquito
Creek. Thin section shows deeply embayed, iddingsitized olivine phenocrysts in an intergranular
groundmass of plagioclase, augite, olivine, and Fe-Ti oxides. Titania values are low, ranging from
0.97 to 1.27 percent. Maximum thickness is 400 m. Normal magnetic polarity. The absolute age of
unit is uncertain. Weak evidence indicates that unit probably does not represent intracanyon flows
in the modern Horse Creek drainage. Rocks of the unit are not fresh in hand sample or in thin
section. The thickness of the lavas and their exposure nearly to the bottom of the Horse Creek
drainage also argue against a young age. They probably occupy a canyon of ancestral Horse Creek.
Physically they most resemble rocks of unit Tlpa, although generally they are more mafic and are
interpreted to reflect the first episode of volcanism after downfaulting along Horse Creek. Unit
Tem thus considered equivalent in time to unit Tipa. A K-Ar date from near the base of unit Tlpa
is 3.64+0.22 Ma

Basaltic andesite and andesite (lower and upper Pliocene) — Gray to black, dense basaltic
andesite interbedded with subordinate andesite, conglomerate, and sandstone; contains very
minor, thin ash-flow tuff. Andesite, tuff, and sedimentary rocks are confined to upper part of the
unit. Basaltic andesite lava flows are generally fine grained with microphenocrysts of olivine with
or without orthopyroxene in a pilotaxitic groundmass. One distinctive flow has phenocrysts of
plagioclase and clinopyroxene and is altered to a green color. Andesite is similar to basaltic
andesite but has more orthopyroxene phenocrysts. A distinctive ash-flow tuff interbed is brown and
densely welded to nonwelded. In the nonwelded zone, tuff is rich in 0.5- to 10-cm-long obsidian
lithic fragments that are flattened in the welded zone. Orange cinderlike clasts are also
characteristic of the welded tuff. The matrix is composed of fine ash and brown glass. Unit Tlpa has
maximum thickness of about 370 m. K-Ar age of 3.64 = 0.22 Ma (Table 1) was obtained from near
its base. Unit is overlain by basalt of Cupola Rock (unit Tpc) with probable basal age of 2.7-2.41 Ma

Ignimbrite of Trailbridge Reservoir (upper Miocene or lower Pliocene) — Highly
plagioclase-phyric, gray basaltic andesite ash-flow tuff (Taylor, 1968). Unit is 24 m thick. K-Ar age
of 5.5+ 0.2 Ma (Armstrong and others, 1975; Fiebelkorn and others, 1983)

Upper Miocene and lower Pliocene volcanic and volcaniclastic rocks
Equivalent to the volcanic rocks of the early High Cascade episode of Priest and others (1983) and
the lower part of the volcanic rocks of the High Cascade Range and Boring Lava of Peck and others
(1964)

Olivine basaltic andesite and aphyric basaltic andesite Jower Pliocene) — Medium- to
dark-gray, fine-grained, compact, platy-jointed olivine basaltic andesite lava flows (53.3-55.3
percent Si0,). Thin sections show sparse rounded microphenocrysts of iddingsitized olivine in a
subtrachytic groundmass of plagioclase, augite, and Fe-Ti oxides. Unit occurs on Horsepasture
Mountain, where it fills canyons cut into units Tmp2, Tmpa, and Tmps; the ridge between Tipsoo
Butte and Yankee Mountain, where it occupies a canyon in unit Tmp2; and Pyramid Mountain,
Olallie Mountain, and Lamb Butte, where it fills canyons cut in basalt of Tipsoo Butte (unit Tmp).
Normal magnetic polarity. Maximum thickness is approximately 150 m on Pyramid Mountain.
Plagioclase separate from an Olallie Mountain lava gave a K-Ar age of 4.96 + 0.37 Ma, and a whole-
rock age of 5.14 +0.08 M¢ was obtained from a lava at Horsepasture Mountain (Table 1). Average
age, weighted for error, is 5.13+0.01 Ma

Porphyritic olivine basalt (upper Miocene or lower Pliocene) — Light- to medium-gray
compact porphyritic olivine basalt and (rarely) basaltic andesite (50.1-53.6 percent SiO,). Thin
section shows 10-25 percent plagioclase phenocrysts with 1-5 percent iddingsitized olivine in an
intergranular groundmass of plagioclase, augite, olivine, and Fe-Ti oxides. Unit occurs on Saw-
tooth Ridge, O’Leary and Horsepasture Mountains, English and French Mountains, and along the
ridge crest between Tipsoo Butte and Lowder Mountain. It also occurs in a downfaulted block along
Eugene Creek. Not recognized in map area north of the McKenzie River. Maximum thickness
approximately 210 m. Normal magnetic polarity. Published K-Ar dates from lava flows at English
Mountain are 10.2+1.0 Ma and 9.6 = 1.5 Ma on a sample from the top of the unit (Priest and Vogt,
1983) and 6.5 + 4 Ma on a sample from the base of the unit (Flaherty, 1981). Unit Tmp2 is overlain
by unit Tmp3 with average age, weighted for error, of 5.13+0.01 Ma and underlain by basalt of
Tipsoo Butte (unit Tmp), which has an approximate age of 6.3 Ma to > 5.1 Ma

Porphyritic two-pyroxene andesite and dacite (upper Miocene) — Medium-gray, brown-
weathering porphyritic andesite lava flows (59.7-68.2 percent SiO,). Includes at least one thin
andesitic ash-flow tuff at the base of the unit on Horsepasture Mountain. Thick flows are columnar
jointed, with well-developed subhorizontal platy jointing. Often forms prominent cliffs. Thin
section typically shows 10-20 percent plagioclase phenocrysts with lesser amounts of hypersthene,
augite, and rare hornblende in an intersertal devitrified groundmass of plagioclase, augite, hyper-
sthene, and Fe-Ti oxides. Occurs on Horsepasture Mountain, Taylor Castle, and in the downfaulted
block east of Horse Creek. Maximum exposed thickness is 80 m at Taylor Castle. Normal magnetic
polarity. Overlain by units Tmp2 and Tmp3 at Horsepasture Mountain. At Taylor Castle, unit
Tmpa overlies basalt of Tipsoo Butte (unit Tmp), which has an approximate age of 6.3 Ma to > 5.1
Ma. Unit Tmpa is intercalated into the upper part of basalt of Tipsoo Butte on the ridge trending
east from Taylor Castle and in the downfaulted block east of Horse Creek. Flaherty (1981) obtained
a K-Ar date of 5.5+ 2 Ma on an andesite lava flow of unit Tmpa intercalated with basalt of Tipsco
Butte east of Taylor Castle. This date seems reasonable but has a large analytical error

Basalt of Tipsoo Butte (upper Miocene and lower Pliocene) — Dark-gray to gray, fresh basalt
and basaltic andesite with fresh or iddingsitized olivine phenocrysts set in a medium-grained sub-
ophitic groundmass. Less commonly, flows have fine-grained intersertal, intergranular, or felty
groundmasses and are rarely hypohyaline. West of Lookout Mountain and in the Tipsoo Butte-
Sawtooth Ridge areas, basal flows are diktytaxitic basalt. Minor pillow lavas occur locally near
base of section. Unit contains local interbeds of ash-flow tuff, volcaniclastic sediment, cinders, and
andesite. Maximum thickness is about 400 m at Olallie Mountain. Plug near Frissell Point (SEY4
sec. 6, T. 16 S, R. 6 E.) probably marks one vent area for the unit. In Lookout Ridge-Frissell Point
area, age is constrained by the following: (1) a lava in the uppermost part (Table 1) has a K-Ar age
of 4.432=0.67 Ma; (2) unit Tmi with a K-Ar age of 5.5+0.2 Ma (Armstrong and others, 1975;
Fiebelkorn and others, 1983) locally overlies the unit; (3) a basal lava flow has K-Ar ages of
6.37+0.09 Ma (Table 1) and 8.39+0.36 Ma (Priest and Vogt, 1983), and average of the two ages
(weighted for error) is 6.49 = 0.09 Ma; (4) this lava flow overlies lava flow of the andesite of Walker
Creek (unit Tma) with an age of 8.86 +0.34 Ma (recalculated from Brown and others, 1980); (5)
other basal lava flows overlie the basalt of Frissell Point (unit Tmf) with a K-Ar age of6.3+0.2 Ma
(Armstrong and others, 1975; Fiebelkorn and others, 1983); (6) unit Tmp overlies basalt of Frissell
Creek (unit Tml) with a K-Ar age of 6.18 +0.08 Ma at the top (Table 1); (7) diatomite from base of
unit (sample BR-48 on map) contained a centric diatom equal or related to the genus Mesdictyon,
an early Hemphillian fossil (preliminary unpublished data of J.P. Bradbury, 1988). In the Tipsoo
Butte-Olallie Mountain area, age is constrained by the following: (1) unit is overlain by unit Tmp3
with K-Ar ages of 4.96 + 0.37 Ma and 5.14 = 0.08 Ma (average, weighted for error, is 5.13 + 0.01 Ma;
Table 1); (2) basal flow has K-Ar age of 7.80 = 0.77 Ma (Brown and others, 1980; Priest and Vogt,
1983). Mean age, based on all available data, is 6.85 +1.85 Ma. Based on the most precise data, the
age is approximately equal to 6.3 Ma at base and > 5.1 Ma at top. Age and lithology are similar to
lava flows of the Deschutes Formation described by Taylor (1980) and Smith (1986)

Volcaniclastic rocks (upper Miocene) — Includes cobble and gravel conglomerate, coarse-
grained sandstone, mudstone, cinder-cone deposits, and minor diatomite; chiefly cinder-cone
deposits east of English Mountain. Conglomerate in uppermost part contains clasts of the basalt of
Tipsoo Butte (unit Tmp) and unit Tmp2. Unit Tmps includes sedimentary rocks intercalated in
lower part of basalt of Tipsoo Butte. Maximum thickness approximately 180 m at Horsepasture
Mountain, where the sedimentary rocks are overlain by lava flows of units Tmp2 and Tmp3.
Probably overlain by andesites of unit Tmpa at Horsepasture Mountain, but the exact nature of
the relation is obscured by glacial drift. Unit Tmps is approximately the same age as basalt of
Tipsoo Butte, about 6.3 Ma to >5.1 Ma

Andesite of Frissell Point (upper Miocene) — Black glassy columnar-jointed andesite lava
flows with maximum thickness about 120 m. Because unit is overlain by basalt of Tipsoo Butte
(unit Tmp) with K-Ar age of 6.3 Ma to > 5.1 Ma and underlain by the basalt of Frissell Point with
a K-Ar age of 6.3 +0.2 Ma (Table 1), its age is approximately 6.3 Ma

Cinder cone deposits (upper Miocene) — Moderately indurated cinder deposits with bedding
indicative of a cinder cone. Cut by numerous north- to northwest-trending andesite dikes, possibly
related to the same eruptive episode. Maximum thickness is about 180 m. Overlain and probably
related to unit Tmga. Because unit Tmee is overlain by basalt of Tipsoo Butte (unit Tmp) with
basal K-Ar age of approximately 6.3 Ma and underlain by the basalt of Frissell Point (unit Tmf)
with a K-Ar age of 6.3 +0.2 Ma (Table 1), age is approximately 6.3 Ma

Basalt of Frissell Point (upper Miocene) — Medium-gray vesicular olivine basalt (50.4 percent
Si0,) with 30 percent plagioclase phenocrysts averaging 1 cm in length and 5 percent highly
resorbed olivine 5-6 mm in diameter. The groundmass has subophitic clinopyroxene with randomly
oriented plagioclase, intergranular Fe-Ti oxide, and numerous 0.5- to 1-mm olivine microphe-
nocrysts. Best exposed north and east of Frissell Point, where it lies in the bottom of an east-west
paleovalley system filled by lava flows of basalt of Tipsoo Butte (unit Tmp). Maximum thickness is
about 90 m. K-Ar age is 6.3 +0.2 Ma (Armstrong and others, 1975; Fiebelkorn and others, 1983).
Because unit overlies lava flows of basalt of Frissell Creek (unit Tml) with a K-Ar age of 6.18 = 0.08
Ma (Table 1) and is overlain by basalt of Tipsoo Butte (unit Tmp) with K-Ar age of 6.3 Ma to > 5.1
Ma, 6.3-Ma age is reasonable
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Tuff of Tipsoo Butte (upper Miocene) — Cliff-forming cream-colored nonwelded dacite(?) ash-
flow and possibly air-fall and hyaloclastic tuff with maximum thickness about 150 m. Overlain by
basalt of Tipsoo Butte (unit Tmp) with K-Ar age of approximately 6.3 Ma at base and underlain by
andesite of Walker Creek (unit Tma) with K-Ar age of approximately 8.7 Ma at top. Possibly
equivalent to various tuff units in lower part of Deschutes Formation of Taylor (1980) and Smith
(1986)

Basalt of Frissell Creek (upper Miocene) — Basalt, basaltic andesite, and minor andesite lava
with local interbeds of debris flow deposits, breccia, and epiclastic volcaniclastic rocks. Lava flows
are commonly platy or blocky and dark gray; groundmass has pilotaxitic to felty plagioclase and
intergranular ferromagnesian minerals with or without fresh intersertal tachylite or sider-
omelane. Phenocrysts are of fresh, iddingsitized, or rarely altered olivine in basalt and basaltic
andesite and orthopyroxene and clinopyroxene in andesites. Locally difficult to separate from
basaltic andesite of the East Fork (unit Tmb) in isolated outcrops, which has led to uncertainly
located contacts west of Lookout Mountain. Rocks of unit Tml are generally slightly fresher than
basaltic andesite of the East Fork, a series of flows in which all glass is altered. Also, the ratio of
basalt and basaltic andesite to more silicic rocks is higher relative to basaltic andesite of the East
Fork. Lava flows apparently issued from a swarm of northwest-trending dikes immediately north
of the map area, where they were mapped as the Iron Mountain formation by Avramenko (1981).
As much as 610 m thick on the south side of Frissell Point. Overlies basaltic andesite of the East
Fork and andesite of Walker Creek (unit Tma) (age of uppermost part of both approximately 8.7
Ma) and underlies the basalt of Tipsoo Butte (unit Tmp) (basal age approximately 6.3 Ma). K-Ar
ages are 3.98 + 0.06 (Sutter, 1978; Fiebelkorn and others, 1983) and 6.18 + 0.08 Ma near the top and
6.84 + (.58 Ma near the bottom (Table 1). The sample with the 3.98-Ma age may be inaccurately
located (Priest and others, 1983). Age is approximately 6.8-6.3 Ma based on isotopic ages and
stratigraphic relationships

Middle and upper Miocene volcanic and volcaniclastic rocks
Equivalent to the volcanic rocks of the late Western Cascade episode of Priest and others (1983) and
to the Sardine Formation as mapped in this area by Peck and others (1964)

Andesite of Castle Rock (upper Miocene) — Light-gray, nearly aphyric two-pyroxene andesite
(60 percent SiO,) lava capping Castle Rock. Characterized by minor phenocrysts of either ortho-
pyroxene * clinopyroxene pseudomorphic after olivine or iddingsitized olivine + xenocrystic
quartz with reaction coronas of clinopyroxene and minor iddingsitized olivine. Possible plug dome.
Maximum thickness of unit is about 180 m. K-Ar age is 9.31 +=0.44 Ma (Table 1)

Basaltic andesite of the East Fork (middle and upper Miocene) — Chiefly basaltic andesite
and mafic andesite (SiO, close to 58 percent) with minor basalt. Dark-gray, dense, blocky lava
flows, with minor breccia and debris-flow deposits. Groundmass is poorly crystallized and fine
grained. Generally not highly phyric, and most phenocrysts are small (about 1-2 mm). Phenocrysts
are olivine, clinopyroxene, and plagioclase with or without minor orthopyroxene. Up to 150 m thick
on north side of McKenzie River. Interbedded in andesite of Walker Creek (unit Tma) and
equivalent in age (approximately 13.5-8.7 Ma). Therefore K-Ar age of 8.1 +2.3 Ma (Priest and
Vogt, 1983) from lower part of unit at the East Fork of South Fork of the McKenzie River is prob-
ably inaccurate. Basalt sample reportedly from Lookout Ridge yielded age of 8.69+0.11 Ma
(Sutter, 1978; Fiebelkorn and others, 1983); however, no basalt crops out at this location, although
outcrop of the upper part of basaltic andesite of the East Fork occurs about 100 m away. If pub-
lished location is slightly in error, this sample dates upper part of unit. Unit is equivalent to unit
Tmb of Priest and others (1987) which, because of low-grade alteration, was similarly difficult to
analyze with K-Ar method

Tuff of Lookout Creek (Miocene or Pleistocene?) — Medium-gray andesite ash-flow tuff with
about 2 percent plagioclase, 0.5 percent clinopyroxene, and trace of orthopyroxene crystals in
matrix. Contains abundant light-gray pumice lapilli and subrounded bombs of poorly vesiculated
andesite (62.2 percent SiO,). Well exposed in a 70-m section on the south side of Lookout Creek.
K-Ar age is 1.59+0.47 Ma on a plagioclase separate (Table 1). Field relationships are more con-
sistent with Miocene age (similar to tuff of Rush Creek [unit Tmt]) than a Pleistocene age

Andesite of Walker Creek (middle and upper Miocene) — Chiefly highly porphyritic, reddish-
gray plagioclase-rich two-pyroxene andesite forming thick, locally platy lava flows and minor
debris-flow deposits, sandstones, and mudstones. Locally includes minor basaltic andesite and
dacite lava flows. Generally contains quite large and abundant (25-40 percent) phenocrysts in
devitrified or very fine-grained groundmass of cryptofelsic material, plagioclase, and pyroxene.
Queried in the Lookout Creek area, where locally difficult to distinguish from andesite and dacite
of the Blue River. Unit is at least 610 m thick at Cougar Reservoir and Foley Springs (base not
exposed there). Most precise K-Ar data on uppermost part are from Lookout Ridge, where an
andesite has a K-Ar age of 8.86 +0.34 Ma (recalculated from Brown and others, 1980), and an
interbedded basalt of basaltic andesite of the East Fork (unit Tmb) has a K-Ar age of 8.69+0.11
Ma (Sutter, 1978; Fiebelkorn and others, 1983). Average age for these two rocks, weighted for
error, is 8.71 =0.10 Ma. Tuff of Rush Creek (unit Tmt) immediately underlying andesite of Walker
Creek (unit Tma) west of the map area has an age of 13.8 + 0.8 Ma. Similar age 0f 13.2 + 0.7 Ma was
obtained near the middle of section of unit Tma at Cougar Reservoir (Priest and Vogt, 1983; Priest
and Woller, 1983). Mean of these two ages, 13.5 Ma, is an approximation of basal age. Age is
therefore approximately 13.5-8.7 Ma

Dacite and andesitic to dacitic volcaniclastic rocks (middle and upper Miocene) —
Composed chiefly of andesitic to dacitic block-and-ash flows; also includes lesser amounts of air-fall
and ash-flow tuff, epiclastic sedimentary rock, and interbedded dacite lava flows. Forms hoodoos on
the ridges north of Taylor Castle and Horsepasture Mountain. Hornblende is the most common
mafic mineral in the dacitic tuffs and lava flows. Maximum thickness is approximately 210 m on a
ridge northeast of Horsepasture Mountain. Unit Tmd is interbedded in the upper part of the
andesite of Walker Creek (unit Tma)

Hornblende-bearing andesite (middle Miocene) — Crops out in only one locality near the Blue
River, where unit is about 50 m thick. Fills paleocanyon cut in the tuff of Rush Creek (unit Tmt)
and tuff of Cougar Reservoir (unit Ttc), the base of which is at same elevation as base of andesite
of Walker Creek (unit Tma). Unit Tmh is therefore probably about the same age as the base of
andesite of Walker Creek (about 13.5 Ma)

Tuff of Rush Creek (middle Miocene) — Chiefly nonwelded ash-flow tuff with subordinate
welded ash-flow tuff and air-fall tuff, debris-flow deposits, and fine-grained sedimentary rocks.
Most common rock type is soft, cream-colored, nonwelded ash-flow tuff that is unstable on steep
slopes and responsible for most large landslides in map area. Minor welded tuff occurs locally,
mainly west of map boundary (Priest and Woller, 1983). Shown queried where locally difficult to
distinguish from tuff of Cougar Reservoir (unit Tte). Maximum thickness of unit Tmt in map area
is about 210 m at Lookout Creek. Interbedded in the lower part of and underlies andesite of Walker
Creek (unit Tma). Unit Tmt has a K-Ar age of 13.8+0.8 Ma immediately west of the map area,
where unit underlies andesite of Walker Creek (unit Tma) (Priest and Vogt, 1983; Priest and
Woller, 1983)

Oligocene and lower Miocene volcanic and volcaniclastic rocks
Equivalent to the volcanic rocks of the early Western Cascade episode of Priest and others (1983)
and to the Little Butte Volcanic Series of Peck and others (1964)

Andesite and dacite of the Blue River (Oligocene? to lower Miocene?) — Moderately altered
andesite to dacite (58.0-69.6 percent SiO,) lava flows. Chiefly fine grained and hypohyaline with
minor phenocrysts of plagioclase and pyroxene. Commonly displays varying degrees of alteration
to birefringent clay minerals and fine-grained quartz; some dacite vitrophyres are relatively fresh.
Contains subordinate, highly phyric two-pyroxene andesite. Generally interbedded with tuf-
faceous epiclastic sedimentary rocks and debris-flow deposits of tuff of Cougar Reservoir (unit Ttc).
Unit Ta is probably locally intrusive or invasive into tuff of Cougar Reservoir; field relations are
generally ambiguous on this point. Maximum thickness about 340 m. K-Ar age of 14.0=0.2 Ma
(Sutter, 1978; Fiebelkorn and others, 1983) and **Ar/*°Ar isochron age of 10.8 + 0.16 Ma (Table 2)
were obtained in upper part of unit. Both samples are from areas subjected to at least low-grade
alteration, so the isotopic ages may not be accurate. The complicated age spectra of the “*Ar/°Ar
age data (Table 2) cast doubt on the validity of that age. Unit Ta is overlain by tuff of Rush Creek
(unit Tmt) so is older than 13.8+0.8 Ma

Tuff of Cougar Reservoir (Oligocene? to lower Miocene?) — Tuffaceous debris-flow deposits,
voleaniclastic sandstone and mudstone with subordinate nonwelded ash-flow tuff, and minor
welded ash-flow tuff. Pumice lapilli in ash-flow tuffs are generally too altered to give meaningful
chemical composition. One altered sample has 72.5 percent SiO,. Chemically analyzed lithic clasts
in the debris-flow deposits have 49-60 percent Si0O,; about two-thirds of analyzed clasts have iron-
enriched (tholeiitic) compositions. Some analyzed clasts are from debris-flow deposits too thin to
map separately from andesite and dacite of the Blue River (unit Ta). Unit Ttec locally includes
minor andesite (andesite and dacite of the Blue River), basalt (basalt and basaltic andesite of the
Blue River [unit Tb]), and rhyodacite flows (rhyodacite of Cougar Creek [unit Tr]) that are too thin
to show at the map scale. All rocks in unit Ttc contain moderately altered to fine-grained
birefringent phyllosilicates with or without fine-grained quartz; K-Ar ages for unit are therefore
not reliable. Although base is not exposed, unit is at least 335 m thick in map area and probably
much thicker. Unit Ttc is intruded by unit Tmic, with age of 16.3+1.8 Ma (Brown and others,
1980), and is locally overlain by queried outcrops of basalt and basaltic andesite of the Blue River,
with K-Ar ages of 20.4+2.0 Ma, 35.3+0.9 Ma, and 14.7 0.3 Ma (see discussion of basalt and
basaltic andesite of the Blue River, below) (Sutter, 1978; Fiebelkorn and others, 1983). Unit Ttc is
petrologically identical to, and probably contemporaneous with, Breitenbush Tuff in North
Santiam area. If coeval with Breitenbush Tuff, then upper part of unit could be as young as about
18 Ma, whereas lower part could be at least as old as 26.46 = 0.52 Ma (Priest and others, 1987)

Basalt and basaltic andesite of the Blue River (Oligocene? to lower Miocene?) — Fine-
grained, dark-gray, nearly aphyric basalt and basaltic andesite (51.5-55.8 percent SiO,) lava flows
generally altered in varying degrees to moderately birefringent clay minerals and zeolite.
Generally calc-alkaline in chemical composition, although some flows have modest iron enrich-
ment. Queried where locally difficult to distinguish from basaltic andesite of the East Fork (unit
Tmb). Maximum thickness is about 150 m in the Blue River area but could be as much as 210 m,
assuming that the queried unit at Lookout Creek is part of this sequence. Interbedded with
andesite and dacite of the Blue River (unit Ta) and tuff of Cougar Reservoir (unit Tte) and
therefore of approximately the same age. Queried unit on northwest flank of Lookout Ridge has K-
Ar ages ranging from 35.3 0.9 Ma (Sutter, 1978; Fiebelkorn and others, 1983) to 11.8+0.5 Ma
(Table 1). A 30-60-mesh split from whole-rock sample dated at 35.3 Ma yielded K-Ar age of
14.7+0.3 Ma (Sutter, 1978; Fiebelkorn and others, 1983). Interpretation of age data from this
queried unit is consequently uncertain. K-Ar age of 20.4 + 2.0 Ma was obtained for basalt whose
published location is 1.3 km northeast of another queried outcrop of the unit on Lookout Creek
(Sutter, 1978; Fiebelkorn and others, 1983). Queried outcrop, a prominent quarry, is most likely
location of the K-Ar date (A.R. McBirney, oral communication, 1987). Andesite of Walker Creek
(unit Tma) occurs laterally from quarry in all directions, but contact, relations with rock in quarry
are obscure

Rhyodacite of Cougar Creek (Oligocene? to lower Miocene?) — Gray platy rhyodacite (72.2
percent SiO,) lava with somewhat altered, weathered appearance; contains 4 percent 0.5- to 1.0-
mm-long plagioclase phenocrysts in hyalopilitic, devitrified groundmass. Maximum thickness
about 90 m. Interbedded with, and therefore same age as, tuff of Cougar Reservoir (unit Ttc)

INTRUSIVE ROCKS
Basaltic dikes and plugs (middle Miocene to lower Pliocene)

Intrusion of Cougar Reservoir (middle Miocene) — Dark-gray, glassy, porphyritic two-
pyroxene dacite intrusive. Prominent cliff-forming unit that forms abutments of Cougar Reservoir
dam. Maximum thickness about 213 m. K-Ar age is 16.2+ 1.8 Ma (Brown and others, 1980; Priest
and Vogt, 1983)

Andesitic dikes and plugs (Oligocene to Miocene) — Two-pyroxene or hornblende-bearing
andesite dikes and plugs. Local lithologic similarity to andesite of Walker Creek (unit Tma) and
unit Tmh suggests that at least some of unit relates to them. Unit Tia includes altered dikes and
queried units on western margin of map area north of McKenzie River that closely resemble
andesite and dacite of the Blue River (unit Ta) and are probably contemporaneous with it. Queried
unit Tia at this location may be andesite and dacite of the Blue River invasive into tuff of Cougar
Reservoir (unit Ttc)
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