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OIL AND GAS NEWS

Columbia County —Mist Gas Field

The redrill of Reichhold Energy Corporation’s Adams 32-34 in
NE'% sec. 34, T. 7 N., R. 5 W., was dry and was abandoned
September 14, 1984, at total depth of 3,109 ft.

Concurrently with the activity at the Adams well, Reichhold
was also redrilling Paul 34-32, in SE% sec. 32, T 7N.,R.5W., a
former producer that developed water problems. Two redrills, to
2,915 and 2,719 ft, were unsuccessful. The well was plugged and
abandoned September 26, 1984.

Douglas County

Amoco Production Company’s Weyerhaeuser 1-13, located in
SW' sec. 13, T.25S., R. 9 W, is drilling ahead to a projected total
depth of 13,500 ft. Amoco has recently changed the name of this
well to Weyerhaeuser “B” No. 1.

Hutchins and Marrs’ Great Discovery 2 in NW Y% sec. 20, T. 30
S., R. 9 W,, drilled to a total depth of 3,510 ft, remains idle.

Lane County

Leavitt Exploration & Drilling’s Maurice Brooks 1 in sec. 34,
T. 19S.,R. 3 W,, a 3,000-ft test, encountered mechanical problems
after drilling to a total depth of 952 ft. Operator is preparing to plug
and abandon.

Recent permits

Permit Operator, well, Status, proposed
no. API number Location total depth (ft)
273  Oregon Nat. Gas Dev. Corp. SEY% sec. 16 Location;
Buck 44-16 T5S..R.2W 3.500.
36-047-00016 Marion County

274  Oregon Nat. Gas Dev. Corp. NE% sec. 21 Location;
Cunningham 32-21 T5S.,R.2W 3,500.
36-047-00017 Marion County

275  Oregon Nat. Gas Dev. Corp. SW' sec. 22 Location;
Catchpole 13-22 T5S.,R.2W. 3.500.
36-047-00018 Marion County

276  Steele Energy Corp. NW Y% sec. 28 Location;
Keys #1 T.9S.,R.23E. 8.,000.
36-069-00008 Wheeler County O

COVER PHOTO

Sketch of the drainage area of Furnish and Salmon
Creeks near Oakridge, Lane County, Oregon. In the ridge
between Salmon Creek and South Fork Furnish Creek, infor-
mally known as Quick Ridge, lava flows have been found
interlayered with glacial deposits. See article beginning on
next page. (Diagram by Jeff S. Wilson, ASLA)
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Pleistocene interglacial volcanism:
Upper Salmon Creek drainage, Lane County, Oregon

by Michael T. Long and Mark A. Leverton, U.S. Forest Service, Willamette National Forest, South Engineering Zone,

49098 Salmon Creek Road, Oakridge, Oregon 97463

INTRODUCTION

The lava flows and glacial deposits described in this paper are
located in the upper Salmon Creek drainage, approximately 12 mi
east of Oakridge. Lane County. Oregon. in secs. 35 and 36. T. 20
S.,R.5E.;andsecs. land2, T. 21 S.. R. 5E. (Figure 1). The area
lies above an elevation of 2,500 ft within the High Cascade prov-
ince, which was formed by the Quaternary eruptions of the High
Cascade volcanoes (Williams, 1957). Remnants of alpine glacial
activity. in the form of till deposits in road cuts, ground and end
moraines, outwash sediments. proglacial lake deposits, and several
cirques in the upper valleys of the adjoining Black and Ranger
Creeks (Figure 2), are prominent in the area.

In this study, the authors have attempted to bracket the age of
two early glacial advances in the study area by means of radiometric
dating, paleomagnetic measurements, and petrographic analyses of
samples taken from three interglacial lava flows which lie above and
beneath till deposits of these advances. A third glacial advance, the
most recent to occur, was also identified, and the date of this
advance was inferred by (1) stratigraphic position, (2) correlation
with periods of high ice accumulation as determined by Birchfield
and others (1981) from the oxygen-isotope record obtained from
equatorial Pacific drill core, and (3) correlation with the Cascade
glacial advances identified by other workers. The study is site
specific in nature. and it is the intent of the authors to expand the
area of study in a future project.
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Figure 1. Map showing location of study area.

OREGON GEOLOGY, VOLUME 46, NUMBER 11, NOVEMBER 1984

Figure 2. Upper Salmon Creek basin, showing glacially con-
toured topography and collapsed slopes due to removal of lateral
support after ice recession.

PREVIOUS WORK

During the Quaternary, the topography of the Cascade Range
in Oregon and Washington was altered by igneous activity and
glacial processes. At least three Pleistocene periods of major alpine
glacial advance have been identified by previous workers. Thayer
(1939) described three Pleistocene glacial periods which occurred
in the North Santiam River Basin of western Oregon. He named
these periods the Mill City, Detroit, and Tunnel Creek (late Wiscon-
sin) glaciations. The Mill City advance, which was the most exten-
sive, left till ranging in thickness from 175 to 200 fi. Thayer
described such glacial features as outwash gravels, varved lake
silts, terminal moraines, and glacial erratics. He estimated ice
thickness in the High Cascades to have been between 500 and
1,000 ft. Page (1939) also recognized three main glacial advances,
the Peshastin, Leavenworth, and Stuart glaciations, in his study of
the Wenatchee Valley area of eastern Washington. Such alpine
glacial features as cirques, striated rock surfaces, lakes which were
not filled with sediments, swamps, meadows, and abandoned
stream valleys filled with glacial deposits were noted in his study
area. He estimated ice thickness in the area to have been greater
than 1,000 ft.

Mackin (1941) showed that the alpine glaciers of western
Washington did not contribute to the Puget Lowland glacier that
was part of the continental ice sheet. He recognized and described
bedded clay and silt deposits in the Snoqualmie Valley. interpreting
them as varves. These varves were interfingered with and over-
lapped by till and outwash gravels. which Mackin interpreted as
evidence of several oscillations of the ice front. He also concluded
that the earlier glacial stages were larger and more extensive than
later ones.

From differences in the degree of weathering of till deposits,
Crandell (1965) inferred the existence of three periods of glaciation
in the Olympic Mountains during the Pleistocene. He also postu-
lated that an extensive Pleistocene ice sheet had covered the High
Cascades of Oregon from Olallie Butte in the north to Mount
McLoughlin in the south.

During the last 20 years, more advanced and readily available
dating and stratigraphic techniques—such as potassium-argon
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Figure 3. Map of study area showing locations of features discussed in text. Cross sections appear in Figure 4.

(K-Ar) dating,

paleomagnetism,

atomic-absorption

spectro-

photometry, and the oxygen-isotope record used to infer periods of
high ice accumulation —have made it possible for workers to assign
tentative ages to the various Cascade alpine glacial stages. Porter
(1975) developed a method by which the weathering rind on the
rock fragments within a till deposit could be measured and statis-
tically correlated with other local deposits. He used this method, as
well as several other techniques, to describe and correlate three
glacial advances (Thorp, Kittitas, Lakedale) in the Yakima Valley
of southern Washington (Porter, 1976). Porter found the Thorp
Drift to be older than 700,000 years, based on paleomagnetic
evidence. He assigned the Kittitas Drift a tentative age of greater
than 120,000 years, based on the global marine record of glacial
and interglacial stages and correlated it with the Salmon Springs
Drift of the Puget Lowland of western Washington. The Salmon
Springs Drift was first described by Crandell and others (1958) and
had been used by other workers to correlate glacial events that
occurred before the last advance of the continental ice sheet. Al-
though the Salmon Springs Drift had been considered to be early
Wisconsin (Easterbrook and others, 1967; Easterbrook, 1969;
Birkeland and others, 1971; Porter, 1971), Porter (1976) noted
that, based upon current evidence, a pre-Wisconsin date could not
be ruled out. Easterbrook and others (1981) have recently dated the
tephra beds within the Salmon Springs Drift by fission-track meth-
ods at 840,000+210,000 years before the present (B.P.). They also
noted that the overlying silt beds are reversely magnetized, indicat-
ing that the Salmon Springs glacial advance occurred more than
730,000 years ago. The Lakedale Drift of Porter’s (1976) study in
the Yakima Valley is believed to be between 13,500 and 15,000
years old, based on radiocarbon dating of wood found within glacial
gravel, and can be correlated to the Vashon Drift of the Puget
Lowland.

Scott (1977) reported evidence of three major glacial advances
in the Metolius River area on the eastern side of the High Cascades
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in Oregon. He observed igneous extrusions and pyroclastic deposi-
tions that occurred during two Pleistocene interglacial periods.
Scott’s methods of dating included statistical analysis of weathering
rinds, soil development on moraine crests, and atomic-absorption
spectrophotometry of the free iron oxide within the soil profile on
till layers. Based on the oxygen-isotope record of the equatorial
Pacific, he assigned tentative ages of less than 30,000 years to the
Cabot Creek glaciation, 40,000 to 200,000 years to the Jack Creek
glaciation, and 200,000 to 900,000 years to the Abbott Butte
glaciation. He stated that it was “unlikely, although remotely possi-
ble that Abbott Butte glaciation is as young as 120,000 to 200,000
years. . .but it could have occurred at any time during the high ice
periods from 120,000 to 1 million years” (Scott, 1977).

EXPLORATION

A ridge at the confluence of Salmon and Furnish Creeks,
informally known as Quick Ridge (Figure 3), was initially investi-
gated by the Geotechnical Group of the Willamette National Forest
Supervisor’s Office for potential use as a rock quarry for road
construction material. The exploration, which was conducted May
28, 1981, to June 18, 1981, consisted of a site survey, area map-
ping, and diamond core drilling (Long, 1981). Additional field
work was done in 1982.

Site survey

The site was surveyed with a Brunton compass, clinometer,
and cloth tape. A baseline and two field-measured cross sections
(Figure 4) were completed, and a topographic map of the area was
constructed from the data at a scale of 1 in. =50 ft. Vertical control
was established by setting a temporary bench mark on a 5-ft stump
on the south side of Forest Service Road 2424267 near the west
edge of an existing clear cut. The temporary bench mark clevation
(3,120 ft) was taken from the nearest 80-ft contour line of a Forest
Service topographic base map (scale: 4 in.=1 mi).

OREGON GEOLOGY, VOLUME 46, NUMBER 11, NOVEMBER 1984
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Figure 4. Field-measured cross sections. Locations of lines A-A' and B-B' are shown in Figure 3.

Area mapping

During the site survey, it was noted that Quick Ridge was
composed of a series of lava flows, which were designated Rock
Units 10, 11, and 20 (also referred to as RU-10, RU-11, RU-20) in
descending order of elevation, as each would be encountered in the
drilling operation. (Rock Unit 20 was assigned a number out of
sequence in order to identify it as visually distinct from the overly-
ing units.) These flows are separated from each other by deposits of
glacial till which were similarly designated Soil Units A, B, and C
(also referred to as SU-A, SU-B, SU-C) (Figures 4 and 5).

ROCK UNITS

High Cascade volcanism has occurred during the past 2 to 3
million years with a high episodic maximum occurring during the
last 1.5 million years (McBirney and others, 1974). Priest and
others (1982) informally termed this volcanic episode “the late High
Cascade episode” and dated its beginning at 4 million years ago.
The authors’ work in the study area suggests that RU-10, -11, and
-20 of Quick Ridge were extruded frem late High Cascade vol-

canoes from approximately 600,000 to more than 730,000 years
ago.

In this report, classification of these rock units is based on the
Ab/An ratio of the plagioclase phenocrysts, assuming that the
average composition of plagioclase in basalts is more calcic than
Ab,;An;, while in andesites it is more sodic. When chemical analy-
sis is available, a silica content less than 52 percent denotes basaltic
composition (Williams and others, 1954). Classification of RU-10
was confirmed by silica content (Table 1).

Natural remanent magnetism of all rock units was measured at
the outcrop by fluxgate magnetometer. Oriented samples were
measured in the laboratory for confirmation of field readings.
RU-10 and RU-11 were determined to have normal magnetic polar-
ity. RU-20 was found to have reversed magnetic polarity, which
indicates an age greater than 730,000 years (Mankinen and
Dalrymple, 1979). A K-Ar date of 675,000+ 12,000 years B.P. was
obtained from RU-10. This date provided a means to bracket events
between 730,000 and 675,000 years. Age, thickness, and petrogra-
phy of each rock unit are included in Table 2.

Table 1. Chemical composition of Rock Unit 10 in weight percent
(X-ray fluorescence analysis by University of Oregon. All iron as

Fe,0;)
Sio, 52.19
TiO, 0.88
AlLO, 17.14
MgO 7.09
Fe,04 7.95
MnO 0.12
Ca0 8.84
Na,O 3.62
K,0 0.75
P,0s 0.24
Loss 0.20
Total 99.02

OREGON GEOLOGY, VOLUME 46, NUMBER 11, NOVEMBER 1984

Table 2. Rock unit data

Rock Unit 10 (RU-10)

Rock type: Basaltic andesite (see Table 1)

Magnetic polarity: Normal

Age: 675,000+ 12,000 years

Thickness: Approximately 120 ft

Description: Outcrops are exposed along Quick Ridge and Forest
Service Road 2424266. A local strike and dip of N.
25° E. 2° NW. was measured from the bottom contact
exposed in the roadcut. In hand sample, RU-10 is
visually distinct from RU-11 and RU-20, being light
gray with phenocrysts of plagioclase and olivine.

Petrography: RU-10 contains up to 62 percent plagioclase laths,

ranging in length from 0.1 to 1 mm. Composition of
the plagioclase grains ranges from Ang_»g near the top
of the flow to Ang; s, near the bottom of the flow.
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Table 2. Rock unit data— continued Table 2. Rock unit data — continued

Glomerocrysts of plagioclase grains with olivine are olivine grains are anhedral to subhedral and are typ-
common, occasionally with granular pyroxene. Small ically cracked and embayed. Iddingsite and magnetite
amounts of brown interstitial glass are found between are common and were observed as reaction rims and
some plagioclase grains. Olivine (up to 10 percent) is embayments in the cracks. Plagioclase (up to 61 per-
anhedral to subhedral, ranging from 0.1 to I mm in cent) occurs as laths ranging from 0.1 to 0.5 mm in
size. Near the top of the flow, olivine is cracked and length. The composition is generally Ans, 5,. Upto 15
deeply embayed, with extensive alteration to idd- percent of RU-11 is composed of subophitic augite up
ingsite and magnetite. Orthopyroxene rims are com- to 2 mm in diameter.
mon, and partial to total replacement by magnetite Rock Unit 20 (RU-20)
occurs in some grains, particularly groundmass Rock type: Basaltic andesite
olivine. Near the bottom of the flow, olivine grains are Magnetic polarity: Reversed
anh.edr.al to §ubhedral and somewhat e‘mbayed‘ Mag- Minimum age: 775,000 years, based on the paleomagnetic reversal
netite inclusions anf‘l Qrthf)pyroxgne rims are scarce, boundary and the inferred age of overlying SU-C.
and groundmass olivine is relatively unaltered. Hy- Thickness: 80 ft
persthene‘ (up to 15 percent) occurs 1n the groundmass Description: RU-20 has reversed magnetic polarity. Outcrops are
and as microphenocrysts (Figure 6). found along the north side of Quick Ridge, the south
Rock Unit 11 (RU-11) bank of the Salmon Creek flood plain, and the con-
Rock type: Basalt fluence of Furnish and Salmon Creeks. The dip is
Magnetic polarity: Normal approximately 8° WSW., with the bottom contact ex-
Inferred age: 715,000+ 15,000 years. This age has been inferred posed for 200 ft along Furnish Creek. RU-20 outcrops
from the following evidence: (1) RU-11 lies between are medium gray with columnar jointing, and rocks
Soil Units B and C, which are assumed to have been are fine grained in hand sample. Slope collapse has
deposited during periods of high ice accumulation and obscured the nature of the underlying rock unit, but
which have been assigned inferred ages of small exposures in the creek beds along the north bank
685,000-700,000 years and 730,000-750,000 years, of Furnish Creek indicate a pyroclastic origin.
respectively. (2) RU-11 is bracketed by the age of Petrography: In thin section, RU-20 contains up to 9 percent
RU-10 and the paleomagnetic polarity boundary of olivine, ranging from 0.1 to 1 mm long, with inclu-
730,000 years B.P. (3) This age correlates with the sions of magnetite less than 0.1 mm in size. Olivine is
160/180 record of Schackleton and Opdyke (1973). anhedral to subhedral, with the margins typically idd-
Description: RU-11 is exposed on the north side of Quick Ridge ingsitized. Plagioclase (up to 60 percent) ranges from
and at the confluence of Furnish and Salmon Creeks. 0.1 to 0.4 mm in length and shows normal zoning
Outcrops are medium gray and blocky jointed, and (Anss_4). Cloudy brown glass is found in many inter-
rocks are fine grained in hand sample. stices between plagioclase laths and accounts for 2
Petrography: RU-11 is characterized by abundant olivine (up to 8 percent of the rock. Subophitic augite with plagioclase
percent) occurring with calcic plagioclase. The laths is common and ranges up to 0.3 mm in size.
B
SALMoy _*
- \"\»E EX— £ 1000 2900 Ft
300 600 M
GENERALIZED
QUICK RIDGE GEOLOGY
Qal Quaternary alluvial deposits
Qg3 Quaternary glacial deposit: Soil Unit A
Qbaz Quaternary basaltic andesite: Rock Unit 10
Qg, Quaternary glacial deposit: Soil Unit B
Qb, Quaternary basalt: Rock Unit 11
Qg9; Quaternary glacial deposit: Soil Unit C
Qba; Quaternary basaltic andesite: Rock Unit 20
Qan Quaternary andesite: Rock Unit 15
Qvu Quaternary volcanic rocks: Undifferentiated igneous extrusive
mre 58%
Figure 5. Geologic map of Quick Ridge.
134 OREGON GEOLOGY, VOLUME 46, NUMBER 11, NOVEMBER 1984



Figure 6. Photomicrograph of sample from Rock Unir 10.
Actual size of large olivine phenocrysi=0.25 mm.

SOIL UNITS

The area above an elevation of 3,000 ft is covered by a layer of

glacial till which ranges in thickness from 3 to 40 ft. This upper
layer was designated Soil Unit A (SU-A) and is found in extensive
deposits (Figure 7). An end moraine was recognized in the Furnish
Creck valley on Road 2424 immediately west of the Furnish Creek
bridge (Figure 8). Approximately 2 mi south, another end moraine

is present on Road 2424 (Figure 3). The channel of the south fork of

Furnish Creek has been filled with deposits from the most recent
glacial advance. This is evident from the asymmetry of Quick
Ridge and the extensive erosion of the south side by Salmon Creek.
Page (1939) described a similar feature in the Chiwaukum Creck
(eastern Washington) area of his study.

Approximately 2.2 mi southeast of the drilling site used in the
exploration, in a roadcut on Forest Service Road 2424266 at the
3,500-ft elevation, a basaltic andesite flow (RU-10) approximately
90 ft thick was observed overlying a second layer of glacial till
(Figure 9). This layer was designed Soil Unit B (SU-B) and was also
observed below 2.800 ft along Forest Service Road 2417 in consoli-
dated deposits of till and proglacial lake sediments. Within these
sediments, grain size increases toward the top, from clay and silt to
cobble and boulder size. In addition to cut-and-fill stratification
(Figure 10), rafted fragments are evident in silt-varved sediments
(Figure 11). Porter (1976) described similar features in Kittitas
deposits of eastern Washington and inferred that increasing grain
size toward the top was a response to the advance of the glacial
front. The local strike and dip (N. 25° E. 2° NW.) of the RU-10
outcrop on Road 2424266 was noted, and a trace projection was
made from the lower contact elevation (3,500 ft) so that an intercept

Figure 7. Soil Unit A—typical ground moraine.
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Figure 8. End moraine near Furnish Creek bridge (Soil
Unit A).

depth could be predicted and correlation be made between the
outcrop and the drill hole. Correlation was later confirmed by drill
hole contact (RU-10/SU-B), stratigraphic position, mass attitude
(by three-point analysis and trace projection), paleomagnetic data,
and petrographic analyses of the outcrop and drill core.

A third layer of glacial till was observed during the survey of
cross section A-A’ (Figure 4) between Furnish and Salmon Creeks.
This layer. designated Soil Unit C (SU-C), lies between Rock Units
11 and 20. SU-C was not observed at any other location in the
Upper Salmon Creek basin. Description of the soil units encoun-
tered in the study area are included in Table 3. Soil units were
classified according to the Unified Soil Classification (American
Society for Testing Materials, 1969),

Table 3. Soil unit data

Soil Unit A (SU-A)

Soil type: Silty sandy gravel with rock fragments

Unified Soil

Classification: GM

Inferred age: 13,500 to 15,000 years

Thickness: Jwd4dft

Description: I-to 12-in., subrounded to rounded, fresh-state to stained-
state (Williamson, 1980) rock fragments of High Cascade
origin in a strong-brown (7.5 YR 4/6) silty sand (SM)
matrix, nonplastic, loose to compact, low dry strength,
quick dilatancy.

Soil Unit B (SU-B)

Soil type: Silty gravel with rock fragments

Unified Soil

Classification: GW-GM

SR W |

Figure 9. Rock Unir 10 overlying Soil Unit B.
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Figure 10. Cut-and-fill stratification along Forest Service
Road 2417.

Table 3. Soil unit data— continued

Inferred age:
Thickness:
Description:

685,000 to 700,000 years

40 to 50 ft

1- to 18-in.. angular to subrounded, stained-state to par-
tially decomposed state rock fragments in a dark-brown
(7.5 YR 4/4) silty sand (SM) matrix, plastic, stiff, medium
dry strength, medium dilatancy.

Soil Unit C (SU-C)

Soil type: Silty gravel with rock fragments

Unified Soil

Classification: GW

Inferred age: 730,000 to 750,000 years

Thickness: 2510 30 ft

Description: 1-to 12-in., subrounded to rounded, stained-state to com-
pletely decomposed-state rock fragments in a very dark
grayish brown (10 YR 3/3) sandy silt (ML) matrix, plastic,
stiff, medium dry strength, medium dilatancy.

DRILLING

Subsurface exploration was restricted to RU-10 and was ac-
complished by using a track-mounted core drill with a 2%-in.
diamond bit and an NQ wireline inner barrel. Three holes were
drilled to an average depth of 142 ft to confirm the mass attitude
(interpreted from plan and cross-section analysis), rock quality and
quantity, and vertical and horizontal distribution of materials. Four
additional holes were drilled to an average depth of 67 ft to deter-
mine the depth of SU-A and the excavation limits (Figure 12).

L%
R

Figure 11. Proglacial lake sediments along Forest Service
Road 2417, with ice-rafted fragment. Increasing grain size toward
top indicates glacial advance.
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Figure 12. Quick Ridge at confluence of Salmon and Furnish
Creeks. This view is to the north toward Forest Service Road 2417.
Drilling exploration occurred ar ridge top in clear cut (right
center).

The contact between RU-10 and underlying SU-B was pene-
trated at a depth of 114 ft in drill hole 1. 122 ft in drill hole 2. and
124 ft in drill hole 3, with corresponding elevations of 2,993 ft,
3.000 ft, and 2,997 ft, respectively. These contacts were used to
compute a site mass attitude of N. 28° W, 1° SW. An average mass
attitude of N. 14° E. 2.5 ° NW. for the Quick Ridge extrusive series
was calculated from the elevation of drill-hole contacts and the
elevation of the outcrop contact on Road 2424266. This is consis-
tent with an average thalweg of 2.6° (240 ft/mi) for Salmon Creek
from 2,800-ft to 2,500-ft elevations. A comparison of the site mass
attitude of the Quick Ridge extrusive series supports the conclusion
that an erosional surface exists between SU-B and RU-10 and is
related to the past Salmon Creek drainage.

AGE DETERMINATION

In order to chronologically bracket the glacial advances in the
study area that correspond to SU-B and SU-C, we obtained a K-Ar
date for a sample taken from RU-10, took oriented samples from
each rock unit at several locations, and measured the natural rema-
nent magnetism of the rock samples with a fluxgate magnetometer.
All rock units were identified by petrographic analysis and strati-
graphic position in the field-measured sections. The oxygen-iso-
tope record from Pacific drill core was used to assign tentative dates
to soil units, based upon periods of high ice accumulation which
would imply glacial conditions of deposition.

The sample of RU-10 taken from a core sample from 70 ft
below the surface indrill hole 3 (SE %4 SW %4 NW 14 sec. 35, T. 20 S.,
R.5E., atthe end of Forest Service Road 2424267) was sent to the
School of Oceanography at Oregon State University for K-Ar
radiometric dating. The test, which was conducted from October to
November 1982, yielded an age of 675,000+ 12,000 years.

MAGNETIC POLARITY

Paleomagnetism (natural remanent magnetism) is based upon
electron spin direction and magnetic moments within the atoms that
comprise the magnetic minerals within a rock. As an igneous rock
congeals from liquid to solid state, the magnetic minerals within the
magma cool through the Curie point, which is the temperature at
which the electron spin directions and magnetic moments align
themselves within the polarity of the existing magnetic field (Irving,
1964). The polarity of the Earth’s magnetic field has reversed at
intervals throughout geologic time. The last complete reversal
occurred 730,000 years B.P. (Bruhnes-Matuyama polarity bound-
ary) (Mankinen and Dalrymple, 1979).

Four samples, weighing approximately 10 b each, were ori-
ented with a Brunton compass and taken from outcrops within each
rock unit, and the natural remanent magnetic polarity was mea-
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sured with a fluxgate magnetometer (Doell and Cox, 1967). RU-10
and RU-11 were recorded as normal. Constant reversed meter
deflections confirmed that RU-20 was magnetically reversed. This
indicates an origin prior to the Bruhnes-Matuyama polarity bound-
ary of 730,000 years B.P.

OXYGEN-ISOTOPE RECORD

The oxygen-isotope ('¢O/'80) record provides a means by
which to infer the paleoclimate as it pertains to ice-mass accumula-
tion. The ratio of the isotopes '°O and '#0 found in sea water can be
determined by measuring the amounts of each isotope contained in
the calcium carbonate of planktonic foraminifera tests. H,'¢O,
having a higher vapor pressure than H,'80, evaporates more easily
at lower temperatures; therefore, during periods of widespread
glaciation as the temperature decreases, the oceans are enriched
with H,'®0, and H,'®O is stored in glacial ice as a result of
increased evaporation and precipitation. This results in '80-rich
calcium carbonate secretions in the tests of foraminifera during
periods of high ice accumulation. Glacial melt, the result of in-
creased world-wide temperature, increases the amount of 10O pres-
ent in sea water. This results in '®O-rich calcium secretions during
such periods (Flint, 1971).

Schackleton and Opdyke (1973) analyzed drill core from the
Pacific Ocean floor and correlated six glacial and interglacial stages
with those of Emiliani (1955) in the Caribbean. The correlations of
Schackleton and Opdyke were based upon a uniform rate of sedi-
mentation (17.1 cm/10* years), magnetic polarity boundaries, and
the oxygen-isotope ratio in foraminifera tests. More recently,
Birchfield and others (1981) have formulated a model that enables
prediction of the growth and decay of ice sheets on a 100,000-year
periodicity, based on insolation (solar radiation) anomalies caused
by changes in the earth’s orbit. Their findings correlate well with the
oxygen-isotope record. By referencing RU-10, -11, and -20 to the
model of Birchfield and others (1981), a tentative date may be
inferred for SU-B and SU-C, based on periods of high ice ac-
cumulatien (Figure 13).

Normal Polanty ————————

Reversed ~ Polarity

Normal
Polarity Polarity

S -20b

Ice Volume
1016 m3
- N
T T
-

i
1000 990 800

10° YEARS B.P.

Figure 13. Oxygen-isotope record (top), ice volume prediction
(bottom). After Birchfield and others (1981).

CONCLUSION

Based upon K-Ar dating, paleomagnetic stratigraphy, and the
indirect correlation with periods of high ice accumulation from the
oxygen-isotope record, the glacial advances represented by Soil
Units A, B, and C, in the Upper Salmon Creek drainage are
assigned the following tentative dates: SU-A, 13,500-15,000 years
B.P.; SU-B, 685,000-700,000 years B.P.; SU-C, 730,000-760,000
years B.P. The relationship between these dates and those of other
studies is shown in Table 4.

Davie’s (1980) study of the Three Fingered Jack area and Avra-
menko’s (1981) study of the Echo Mountain area, both in the central
Oregon Cascades, described rock units similar to RU-10, -11, and
-20 of this study. Avramenko (1981) correlated his Bunchgrass
Ridge unit with the Jorn Lake unit of Davie. This correlation was
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based upon a K-Ar age of 680,000 years (Lauresen and Hammond,
1978) and normal magnetic polarity. Both of these rock units overlie
rock units of reversed polarity (the plateau lavas of Avramenko and
the Suttle Lake unit of Davie). Based upon age, magnetic polarity,
and petrographic analysis, RU-10, -11, and -20 can be reasonably
correlated with the Bunchgrass/Jorn Lake (normal polarity) and
plateau lavas/Suttle Lake (reversed polarity) units of Avramenko
and Davie.

Davie (1980) also inferred that erosional disconformities may
exist between the Suttle Lake unit and Jorn Lake unit and between
the Jorn Lake unit and the overlying lower summit series. These
disconformities are represented by distinct breaks in the topogra-
phy and the lack of an intimate contact between the rock units. In the
present study, during cross-section analysis, the authors observed
that soil and rock unit boundaries occurred at radical slope changes,
similar to those described by Davie, and that erosion of the under-
lying lower strength material resulted in a vertical rock-slope col-
lapse of the overlying rock unit and concealment of the underlying
layers beneath a talus slope. This condition may exist in the ero-
sional disconformities of Davie’s study.

Soil Unit A is similar in weathering characteristics (rock
fragments from fresh to stained state), morphology (distinguishable
end and lateral moraines), and geographical location (above 3,000
ft) to other late Wisconsin glacial deposits of Washington and
Oregon and can be correlated with the Cabot Creek Glaciation of
Scott (1977), the Lakedale Drift of Porter (1976), and the Tunnel
Creek Glaciation of Thayer (1939). Soil Unit B may be generally
equivalent to the Kittitas Drift of Porter (1976) and the Abbott Butte
Glaciation of Scott (1977). Soil Unit C may be generally equivalent
to the Thorp Drift of Porter (1976), the lower Portland Hills Silt
(Lentz, 1981), and the Salmon Springs Drift of Easterbrook and
others (1981).

Refinement of the ages of Soil Units A, B, and C may be made
by further study of the area and the adjacent valley of the North
Fork Willamette River and by obtaining K-Ar dates from the
remaining lava flows in the study area.

Table 4. Quick Ridge glaciation age correlation with previous

studies.
Unit of
Years B.P.  this study Unit of previous studies
13,500
Cabot Creek Glaciation (Scott, 1977)
SU-A Lakedale Drift (Porter, 1976)
Tunnel Creek Glaciation (Thayer, 1939)
15,000
665,000
RU-10 Bunchgrass Ridge unit (Avramenko, 1981)
Jorn Lake unit (Davie, 1980)
685,000
SU-B Kittitas Drift (Porter, 1976)
Abbott Butte Glaciation (Scott, 1977)
700,000
RU-11 Bunchgrass Ridge unit (Avramenko, 1981)
Jorn Lake unit (Davie, 1980)
Bruhnes-Matuyama (normal)
730,000 -eeoeeee Magnetic Polarity Boundary
g arity Boundary (reversed)
SU-C Thorp Drift (Porter, 1976)
Lower Portland Hills Silt (Lenz, 1981)
760,000
RU-20 Plateau lava unit (Avramenko, 1981)
Suttle Lake unit (Davie, 1980)
790,000
840,000 Salmon Springs Drift (Easterbrook and others,
+210,000 1981)
. (reversed)
900,000 oo Masnetic Ee L e
agnetic Polarity Boundary (normal)
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DOGAMI releases new publications

The Oregon Department of Geology and Mineral Industries
(DOGAMI) has released a number of publications during the past
few months. Space limitations have kept us so far from giving you
detailed information about the following releases:

August 31: Oil and Gas Investigation 8, Subsurface Stratigraphy
of the Ochoco Basin, Oregon, by G.G. Thompson, J.R. Yett,
and K.R. Green. Price $7.

September 10: GMS-33, Geologic Map of the Scotts Mills Quad-
rangle, Oregon, by P.R. Miller and W.N. Orr. Price $4.
September 27: Open-File Report O-84-5, Bench Testing of Silica

Sand from Deposits in Clatsop and Morrow Counties, Oregon,

by J.J. Gray. Price $4.

October 4: GMS-35, Geology and Gold Deposits Map of the
Southwest Quarter of the Bates Quadrangle, Grant County,
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Oregon, by H.C. Brooks, M.L. Ferns, and D.G. Avery.
Price $5.

October 11: GMS-30, Geologic Map of the Southeast Quarter of
the Pearsoll Peak Quadrangle, Curry and Josephine Counties,
Oregon, by L. Ramp. Price $8.

October 18: Oil and Gas Investigation 12, Biostratigraphy of
Exploratory Wells, Northern Willamette Basin, Oregon, by
D.R. McKeel. Price $6.

November 1: GMS-34, Geologic Map of the Stayton NE Quad-
rangle, Oregon, by W.N. Orr and P.R. Miller, Price $4.
Please watch for more specific descriptions of these publica-

tions in next month’s magazine. In the meantime, see the publication

list at the end of this issue for price and ordering information.
—Editor

REMEMBER TO RENEW YOUR SUBSCRIPTION!
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AVAILABLE DEPARTMENT PUBLICATIONS

GEOLOGICAL MAP SERIES Price
GMS-4: Oregon gravity maps, onshore and offshore. 1967 . . . ... ..... .. ... ... .. .. ... ... ........ $ 3.00
GMS-5:  Geologic map, Powers 15-minute quadrangle, Coos and Curry Counties. 1971 . .. ................ 3.00
GMS-6: Preliminary report on geology of part of Snake River canyon. 1974 . . . .. ..................... 6.50
GMS-8: Complete Bouguer gravity anomaly map, central Cascade Mountain Range, Oregon. 1978 . . .. .. ... ... 3.00
GMS-9: Total-field aeromagnetic anomaly map, central Cascade Mountain Range, Oregon. 1978 . ... ... ... ... 3.00
GMS-10: Low- to intermediate-temperature thermal springs and wells in Oregon. 1978 . . . . .. .............. 3.00
GMS-12: Geologic map of the Oregon part of the Mineral 15-minute quadrangle, Baker County. 1978 . . . .. ... ... 3.00
GMS-13: Geologic map, Huntington and part of Olds Ferry 15-minute quadrangles, Baker and Malheur Counties. 1979 3.00
GMS-14: Index to published geologic mapping in Oregon, 1898-1979. 1981 . . . .. ...................... 7.00
GMS-15: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, north Cascades, Oregon. 1981 . . 3.00
GMS-16: Free-air gravity anomaly map and complete Bouguer gravity anomaly map, south Cascades, Oregon. 1981 . . 3.00
GMS-17: Total-field acromagnetic anomaly map, south Cascades, Oregon. 1981 . . . .. ................... 3.00
GMS-18: Geology of Rickreall, Salem West, Monmouth, and Sidney 7% -minute quads., Marion/Polk Counties. 1981 . 5.00
GMS-19: Geology and gold deposits map, Bourne 7%-minute quadrangle, Baker County. 1982 . . .. ... .. ... ... 5.00
GMS-20: Map showing geology and geothermal resources, southern half, Burns 15-minute quad., Harney County. 1982  5.00
GMS-21: Geology and geothermal resources map, Vale East 7%-minute quadrangle, Malheur County. 1982 . . . . ... 5.00
GMS-22: Geology and mineral resources map, Mount Ireland 7%-minute quadrangle, Baker/Grant Counties. 1982 . . . 5.00
GMS-23: Geologic map, Sheridan 7%2-minute quadrangle, Polk/Yamhill Counties. 1982 . . ... .............. 5.00
GMS-24: Geologic map, Grand Ronde 7% -minute quadrangle, Polk/Yamhill Counties. 1982. . ... ... ......... 5.00
GMS-25: Geology and gold deposits map, Granite 7%-minute quadrangle, Grant County. 1982 . ... ... ........ 5.00
GMS-26: Residual gravity maps, northern, central, and southern Oregon Cascades. 1982 . . . ... ............. 5.00
GMS-27: Geologic and neotectonic evaluation of north-central Oregon: The Dalles 1° X2° quadrangle. 1982 . . . . . .. 6.00
GMS-28: Geology and gold deposits map, Greenhorn 7%-minute quadrangle, Baker/Grant Counties. 1983 . . ... ... 5.00
GMS-29: Geology and gold deposits map, NE% Bates 15-minute quadrangle, Baker/Grant Counties. 1983 . . ... ... 5.00
NEW!GMS-30: Geologic map, SE% Pearsoll Peak 15-minute quadrangle, Curry/Josephine Counties. 1984. . . . ... ... .. 8.00
GMS-31: Geology and gold deposits map, NW % Bates 15-minute quadrangle, Grant County. 1984. . .. ... ... ... 5.00
GMS-32: Geologic map, Wilhoit 7Y2-minute quadrangle, Clackamas/Marion Counties. 1984. . . ... ... ..... ... 4.00
GMS-33: Geologic map, Scotts Mills 7%-minute quadrangle, Clackamas/Marion Counties. 1984 . . .. .......... 4.00
NEW!GMS-34: Geologic map, Stayton NE 7%-minute quadrangle, Marion County. 1984. . . ... ................. 4.00
NEW!GMS-35: Geology and gold deposits map, SW % Bates 15-minute quadrangle, Grant County. 1984 . ... ......... 5.00
OTHER MAPS
Reconnaissance geologic map, Lebanon 15-minute quadrangle, Linn/Marion Counties. 1956 . . . .. ... ......... 3.00
Geologic map, Bend 30-minute quad., and reconnaissance geologic map, central Oregon High Cascades. 1957 . . . . . . 3.00
Geologic map of Oregon west of 121st meridian (U.S. Geological Survey Map I-325). 1961. . . ... ............ 5.50
Geologic map of Oregon east of 121st meridian (U.S. Geological Survey Map1-902). 1977 . . . . ... ........... 5.50
Landforms of Oregon (relief map, 17X1210n.) . ... ... ... .. . 1.00
Oregon Landsat mosaic map (published by ERSAL, OSU). 1983. . . ... .......... $8.00 over the counter; $11.00 mailed
Geothermal resources of Oregon (map published by NOAA). 1982 . . . .. ... ... ... . ... ... ... .. ..... 3.00
Geological highway map, Pacific Northwest region, Oregon/Washington/part of Idaho (published by AAPG). 1973 . . . 5.00
BULLETINS
33. Bibliography of geology and mineral resources of Oregon (1st supplement, 1937-45). 1947. . . . .. ...... ... 3.00
35. Geology of the Dallas and Valsetz 15-minute quadrangles, Polk County (map only). Revised 1964 . . ... ... .. 3.00
36. Papers on foraminifera from the Tertiary (v.2 [parts VI-VIIIJonly). 1949 . ... ... .. ... .. ... ......... 3.00
44. Bibliography of geology and mineral resources of Oregon (2nd supplement, 1946-50). 1953 . . ... ......... 3.00
46. Ferruginous bauxite deposits, Salem Hills, Marion County. 1956 . . ... ......................... 3.00
49. Lode mines, Granite mining district, Grant County. 1959 . . . .. ......... ... ... ... .. .. ....... 3.00
53. Bibliography of geology and mineral resources of Oregon (3rd supplement, 1951-55). 1962 . .. ... ........ 3.00
61. Gold and silverin Oregon. 1968 . . . . . . . . .. ... ... .. 17.50
62. Andesite Conference guidebook. 1968 . . . . . . . ... ... ... ... ... 3.50
65. Proceedings of the Andesite Conference. 1969 . . . . .. ... ... . ... .. ... ... 10.00
67. Bibliography of geology and mineral resources of Oregon (4th supplement, 1956-60). 1970 . . ... ......... 3.00
71. Geology of selected lava tubes, Bend area, Deschutes County. 1971. . ... ........................ 5.00
77. Geologic field trips in northern Oregon and southern Washington. 1973. . . ... ........ ... .. .. ... ... 5.00
78. Bibliography of geology and mineral resources of Oregon (Sth supplement, 1961-70). 1973 . . ... ......... 3.00
81. Environmental geology of Lincoln County. 1973 . . .. ...... ... ... .. ...... ... .. .......... 9.00
82. Geologic hazards of Bull Run Watershed, Multnomah and Clackamas Counties. 1974 . . . .. ... .......... 6.50
83. Eocene stratigraphy of southwestern Oregon. 1974 . . . . .. ... ... ... ... . ... ... ... ..... 4.00
84. Environmental geology of western Linn County. 1974 . . .. . ... ... ... ...... ... .. ... .. .. ..... 9.00
85. Environmental geology of coastal Lane County. 1974. . . . . .. ... ... .. ... ... ... .. ... .. ..... 9.00
87. Environmental geology of western Coos and Douglas Counties. 1975 . . . .. ....................... 9.00
88. Geology and mineral resources, upper Chetco River drainage, Curry and Josephine Counties. 1975. . . .. ... .. 4.00
89. Geology and mineral resources of Deschutes County. 1976 . . . .. .............. ... .. .......... 6.50
90. Land use geology of western Curry County. 1976, . . . . ... ... ... ... ... ... .. 9.00
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties. 1977 . . ... ........... 8.00
92. Fossils in Oregon. A collection of reprints fromthe Ore Bin. 1977. . . . . ... ... .. ... ... ........... 4.00
93. Geology, mineral resources, and rock material of Curry County. 1977 . .. .. ...................... 7.00
94. Land use geology of central Jackson County. 1977 . .. ....... ... ... .. ... .. ... . 9.00
95. North American ophiolites IGCP project). 1977. . . . . . . . . . . ... 7.00
96. Magma genesis. AGU Chapman Conference on Partial Melting. 1977. . . . ... ..................... 12.50
97. Bibliography of geology and mineral resources of Oregon (6th supplement, 1971-75). 1978 .. ... ......... 3.00
98. Geologic hazards of eastern Benton County. 1979 . . . . .. .. ... ... .. ... .. ... ... .. ... 9.00
99. Geologic hazards of northwestern Clackamas County. 1979 . . . ... ...... .. .. ... ... ... .......... 10.00
100. Geology and mineral resources of Josephine County. 1979 . ... ....... ... ... .. ... ... ........ 9.00
101. Geologic field trips in western Oregon and southwestern Washington. 1980 . . .. .................... 9.00
102. Bibliography of geology and mineral resources of Oregon (7th supplement, 1976-79). 1981 .. ............ 4.00
SHORT PAPERS
21. Lightweight aggregate industry in Oregon. 1951 . . ... .. ... ... ... .. ... ... .. .. ... 1.00
24. The Almeda Mine, Josephine County. 1967 . . . ... ... ... ... ... i 3.00
25. Petrography of Rattlesnake Formation at type area, central Oregon. 1976 . . ... ..................... 3.00
27. Rock material resources of Benton County. 1978 . . . ... .. ... ... ... ... ... 4.00
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AVAILABLE DEPARTMENT PUBLICATIONS (continued)

MISCELLANEOUS PAPERS Price No. copies Amount
1. A description of some Oregon rocks and minerals. 1950. . . . .. ... . ... ... .. ... . .. $ 1.00
5. Oregon’s gold placers. 1954 . . . . . . . . . .. L 1.00
8. Available well records of oil and gas exploration in Oregon. Revised 1982. . . . . . ... .. ... ........... 400 ____ -
11. Collection of articles on meteorites (reprints from Ore Bin). 1968 .. . . . ... ... ... .. ... ... ... ....... 3.00 -
15. Quicksilver deposits in Oregon. 1971 . . . . . . . e 3.00 -
18. Proceedings of Citizens’ Forum on Potential Future Sources of Energy. 1975 . . . ... .................. 3.00 -
19. Geothermal exploration studies in Oregon, 1976. 1977. . . . . . ... ... .. ... ... .. . .. ... ... .. 3.00 -
20. Investigations of nickel in Oregon. 1978 . . . ... ... ... . ... ... ... ... 500 -
SPECIAL PAPERS
1. Mission, goals, and programs of the Oregon Department of Geology and Mineral Industries. 1978 . . . . .. ... .. 3.00 P
2. Field geology, SW Broken Top quadrangle. 1978. . . . . . . . . ... . ... ... 350 -
3. Rock material resources, Clackamas, Columbia, Multnomah, and Washington Counties. 1978 . . ... ... ... .. 7.00 _
4. Heat flow of Oregon. 1978. . . . . . . . . e 3.00 -
5. Analysis and forecasts of the demand for rock materials in Oregon. 1979. . . . . . .. ... ... . .......... 3.00 -
6. Geology of the La Grande area. 1980 . . . . . . . .. .. .. ... 500 ______ -
7. Pluvial Fort Rock Lake, Lake County. 1979 . . . . ... ... . ... . ... . ... 400 ____ -
8. Geology and geochemistry of the Mount Hood volcano. 1980 . . . ... ..... .. ... ... ... ... ... ...... 3.00 P,
9. Geology of the Breitenbush Hot Springs quadrangle. 1980 . ... ............. ... ... ... ... .... 4.00 N
10. Tectonic rotation of the Oregon Western Cascades. 1980 . . . ... ... ... ... . ... .. . ... . . . ... .. ... 3.00 P
11. Theses and dissertations on geology of Oregon: Bibiliography and index, 1899-1982.1982. . ... ... ... ..... 6.00 ____ P
12. Geologic linears of the northern part of the Cascade Range, Oregon. 1980. . . . . . .................... 3.00 -
13. Faults and lineaments of the southern Cascades, Oregon. 1981 . . . . ... ... ... ... ... ... ... ........ 4.00 ____ R
14. Geology and geothermal resources of the Mount Hood area. 1982 . . . . ... ........... ... ... ....... 700 -
15. Geology and geothermal resources of the central Oregon Cascade Range. 1983 . . . . ... ... .. ........... 11.00 ____ PR
16. Index to the Ore Bin (1939-1978) and Oregon Geology (1979-1982). 1983. . . . . ... ... ... ... ... .. .... 400 ____ -
17. Bibliography of Oregon paleontology, 1792-1983. 1984 . . . . .. ... .. ... ... . ... . . ... . . . 6.00 ____ -
OIL AND GAS INVESTIGATIONS
3. Preliminary identifications of foraminifera, General Petroleum Long Bell #1 well. 1973 . .. ... ........... 3.00 -
4. Preliminary identifications of foraminifera, E.M. Warren Coos County 1-7 well. 1973 . .. ............... 3.00 N
5. Prospects for natural gas, upper Nehalem River basin. 1976 . . ... ......... ... ... .............. 500 ______ -
6. Prospects for oil and gas, Coos Basin. 1980 . . . . . .. ... ... ... e 9.00 _____ -
7. Correlation of Cenozoic stratigraphic units of western Oregon and Washington. 1983 . . . . ...... ... ... ... 8.00 ___ -
8. Subsurface stratigraphy of the Ochoco Basin, Oregon. 1984 . . . ... ....... ... ... ... ... ......... 7.00 _____ -
9. Subsurface biostratigraphy, east Nehalem Basin. 1983 . . . . .. ... ........... ... ... ... ... .. .. .. 6.00 ___ N
11. Biostratigraphy of exploratory wells, western Coos, Douglas, and Lane Counties. 1984. . . . . ... .. ........ 6.00 ____ _
NEW!12. Biostratigraphy of exploratory wells, northern Willamette Basin. 1984 . . . . ... ... ... ... .. ... ... .. 6.00 «
MISCELLANEOUS PUBLICATIONS
Mining claims (State laws governing quartz and placer claims). . . . . ... ... ... . ... ... 1.00 ____ -
Backissues of Ore Bin. . . . . . . . . . . . e 50¢ over the counter; $1.00 mailed
Back issues of Oregon Geology. . . . ... ... ... .. ... ... ... . 75¢ over the counter; $1.00 mailed
Colored postcard: Geology of Oregon. . . . . . . . . . . . e 0.10 ____ -

Separate price lists for open-file reports, geothermal energy studies, tour guides, recreational gold mining information, and non-Departmental

maps and reports will be mailed upon request.
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