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INTRODUCTION

On“July i, 1577)'£he Oregon Deparlment of Geology and
'Mineral Industriee began research on‘two geothermal resource
projects with-funds provided by the U. S. Energy Researcﬁ and
Development Administration (ERDA) (now U. S. Department of
Energy):under Contract No. EG-77-C-06-1040. The projects
are: (ayuﬁgeothermal resource assessment of Mt. Hood Volcano
""in the CgécadefRange; a;d (bywsﬁatewide inventory‘of‘iow tem-
bérature geothefméi\rESohrces; An application for ah ekten;
?“sion and additional funding of these prejects was submiffed
to ERDA (DOE) on September 14; 1977; funded on December 28,
1977, and later extenhded to December 31, 1978. A no-cost ex-
tension to the‘Eentract was issued by DOE 6h January 1, 1979,
" with the original completion date as specified in Article II
of "the contract changed to June 15, 1979. Further, the con-
tractdnumber was changed frem EG-77-C-06-1040 to AC06-77-ET-
28369 as of the above date. P

The Mt. hood geothermal resource assessment p;eject wae
a joint undertaking by the Department of Energy (DOE), U. S.
Geological Survey (USGS), U. S. Forest Service (USFS), and
Oregon Department of Geology and Mineral Industries (DOGAMI).
The role each major participant of the project played in the
stﬁdy is set down in the signed ERDA—USGS-USFS—DOGAMI agree—

ment under letter dated February 11, 1977, from Dr. David L.

Williams, Program Manager, DGE, ERDA.



The primary objective of the project was the assessment

and characterization of the geothermal resource potential of

3
Mt. Hood. Mt. Hood was selected because: (a) it is one of
the largest stratovolcanoes in the Cascade Range; (b) it has
been active in the past 250 years; and (c) it is readily acces-
sible for research. Furthermore, the volcano is approximately
50 airline miles east-southeast of the City of Portland and
any substantial geothermal resource, whether low to high tem-
perature, could be utilized by Metropolitan Portland.

Dr. Donald A. Hull, Oregon State Geologist, was the prin-
cipal investigator for DOGAMI. This final report was edited
and written, in part, by Dr. Joseph F. Riccio. A portion of
the field studies administered by DOGAMI have been managed by
its staff personnel and/or consultants, whereas other phases
have been conducted by university researchers under subcon-
tract to DOGAMI as noted below:

(1) Stratigraphy and structure of the Columbia River

- Basalt Group in the Cascade Range, Oregon: By
Marvin H. Beeson and Michael R. Moran, Earth
Science Department, Portland State University
(PSU Grant No. 90-262-8126).

(2) Geology and geochemistry of Mt. Hood Volcano: By .

. Craig M. White, Department of Geology, University

. of Oregon (UO Grant No. 50-262-8902).

(3) Gravity measurements in the area of Mount Hood,

Oregon: By Richard W. Couch and Michael Gemperle,

Geophysics Group, School of Oceanography, Oregon
State University (OSU Grant No. 30-262-917). »
- s 1

(4) Heat flow modelling of the Mount Hood Volcano,
Oregon: By David D. Blackwell and John L. Steele,
Department of Geological Science, Southern Metho-
dist University (SMU #86-09).

-+
-

A geochemical study by DOGAMI and Lawrence Berkeley

Laboratory (LBL), University of California (DOE Contract No.
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W-7405-ENG-48) resulted in a joint publication (LBL-7092 -

DOGAMI 0-79-2) entitled Geochemical studies of rocks, water,

and gases at Mt. Hood, Oregon. DOGAMI's portion of the pro-

ject was funded under its Contract No. EG-77-C-06-1040. _A.
copy of‘the publication is enclosed.

The first technical progress report by DOGAMI for the
Mt. Hood assessment was submitted in October 1977; technical
progress report No. 2 was submitted in May 1978. This final
report only involves DOGAMI's portion of the Mt. Hood assess-
ment project. The final report on the Statewide Inventory of
Low Temperature Geothermal Resources (AC06-77-ET-28369) was
submitted to DOE under separate cover. i

The geoscience researchers engaged in the joint geother-
mal assessment project met in Portland on January 9-10, 1979,
at which time preliminary results of various aspects of the
assessment effort were informally presented. This final
report, including those by the university researchers under
subcontract to DOGAMI, does not include any substantial input
as to conclusions or recommendations presented informally or
formally by the USGS. |

Besides the supervision of the studies undertaken by the
'university résearchers, DOGAMI was also charged with the drill-
ing of temperature gradient holes on or near Mt. Hood. DOGAMI
also undertook the temperature logging of available "free"
holes that were within the écope of the Mt. Hood prdject.
These data were made available to David Blackwell for heat
flow determinations and for the heat flow modelling of Mt.

Hood. Further, DOGAMI provided for the technical supervision

~



of the drilling of 0ld Maid Flat No. 1/2. This entailed, in
part, providing for the litho-logging and preservation of
cuttings (which were made available to David Blackwell for
rock conductivity tests and to Marvin Beeson for trace ele-
ment geochemistry) from this exploratory hole; temperature
logging of the hole; well-site interpretation of the several
geophysical logs taken by others in this hole; and coordina-
tion and logistics between the interested parties of the
assessment group relative to the drilling and logging of this
hole.

Further, DOGAMI provided personnel to the USGS for the
siting and staking of seismic shot holes.

DOGAMI also provided for litho-logging and cuttings pre-
servation of Timberline No. 2. Limited drilling supervision
was also provided on this hole.

Temperature gradient logging of 0l1ld Maid Flat No. 3
(Clear Fork) drilled by Northwest Geothermal Corporation was
done by DOGAMI. Cuttings and temperature gradient data were
submitted to David Blackwell for the heat flow studies noted
above.

Water analyses from samples obtained from several of the
temperature gradient holes were made available to the inter-

ested assessment parties.



STRATIGRAPHY AND STRUCTURE OF THE
COLUMBIA RIVER BASALT GROUP IN THE CASCADE

RANGE, OREGON

By

Marvin H. Beeson and Michael R. Moran
Earth Sciences Department,

Portland State University

Final report of work carried out under PSU Grant No. 90-262-
8126 From the Oregon Department of Geology and Mineral Indus-

tries; June 1977 through March, 1978.
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ABSTRACT

The Columbia River Basalt Group lava flows identified in
the Mt. Hood area of the Oregon Cascade Range are assigned to
the Grande Ronde Basalt and Wanapum Basalt formations of the
Yakima Basalt Subgroup, except for three intercalated flows
of Prineville chemical type. The composite section has.a
stratigraphic thickness of approximately 550 m and consists
of 26 flows that can be separated into eight distinct geochemi-
cal and/or magnetic polarity subdivisions.

Deformation began during the incursion of the Grande
Ronde Basalt and is represented by NE trending folds traver-
sing the Cascade Range which have structural relief of approxi-
mately 300 m and by an echelon NNW to NW trending folds and
faults that occur from the Clackamas River area to Portland
along the Portland Hills - Brothers fault trend. During this
stage of deformation, thrust faults developed parallel to some
of the anticlinal axes in patterns similar to those of the
Columbia Plateau. Later deformation includes vertical N1OW
to N55W strike slip faulting, which, when considered with the
fold trends, indicates a right lateral wrench system of region-
al magnitude. The Columbia Plateau style of deformation clearly
crosses the axis of the Cascades with several of the larger
folds being present in both provinces. A N30W trending fault
located just west of the Salmon River separates the NE trend-
ing folds through the Cascades from the Portland Hills -

Brothers wrench fault trend.
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Distribution of the Columbia River Basalt in the area
surrounding Mt. Hood and its deeper occurrences in the explora-
tory hole at 01ld Maid Flat indicates that the basalt may have
been downdropped along much of the axial region of the range.

The major exposures of CRB utilized in this study are
(Figure I-1):

Clackamas River Area (mapped by james L. Anderson, unpub-

lished Master's thesis, Portland State University).

Bull Run Watershed (mapped by Beverly Vogt, unpublished
Master's thesis, Portland State University).

Hood River Drainage and Hood River fault zone (mapped

by Susan Timm, unpublished Master's thesis, Portland

State University).

The Salmon River Area (mapped by M. H. Beeson and M. R.

Moran) . ' '

The Columbia River Gorge which consists of one large ex-
posure of CRB through the Cascade Range was not mapped for
this report although some data were available from both pub-

lished literature and isolated sections studied by Mr. M. R.

Moran (unpublished Master's thesis, Portland State University).
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Figure I-1. Location Map

A - Hood River Area
B - Bull Run Watershed Area
C - Salmon River Area

- Clackamas River Area

D
E - 0Old Maid Flat Exploratory Hole



II. COLUMBIA RIVER BASALT GROUP STRATIGRAPHY IN WESTERN
OREGON
~The Miocene Columbia River Basalt Group in Oregon, Wash-
ington, and Idaho is an accumulation of tholeiitic flood

> km2 (Figure II-1;

basalt flows cévering approximately 2x10
Waters, 1962). These fluid flows spread over this region,
the Columbia Plateau, as nearly horizontal sheets, attaining
a total thickness of at least 1,500 m near Pasco, Washington
(Asaro and others, 1978). The flows were extrﬁded from large
N to NW‘trending fissure systems in the éastern half of the
platgéuz(Waters, léfl; Taubeﬁeck,‘1970; Swanson and othefs,
1975)qbetw§eﬁ apﬁfdkiﬁétely 16 "and 6 million yeais ago (Wat-
kins and Baksi, 1974; McKee and others, 1977).

The stratigraphic subdivisions and nomenclature have
undergone ; number of revisions‘;nd refinements as mapping
has progressed‘and as modernégeochemical and pgféomagnetic
data have accumulated. Many contributions have been‘made
to the Columbia River %asalt.Group stratigraphy, some of the
more noteworthy beiﬁg'ﬁatérs (1961, 1962); Mackin (1961);
Schmincke (1967); Wright and others (1973); and Nathan and
Fruchter (1974).3 The Group is divided into five formations
(Figure II-2). Two of these, the Imnaha Basalt and the Pic-
ture Gorge Basalt, are restricted to the southeastern and
southern portions of the province, respectively; the remain-
ing three, the Grande Ronde Basalt, the Wanapum Basalt, and
the Saddle Mountains Basalt, are grouped together as the

Yakima Basalt Subgroup. All of the Columbia River Basalt

Group flows identified west of the axis of the Cascade
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Mountains belong to this subgroup, with the exception of flows
of the Prineville chemical type, discussed below. The coastal
Miocene basalts of Oregon and Washington form three distinct
stratigraphic units that are consanguineous with the three
formations of the Yakima Basalt Subgroup (Snavely and others,
1973).

Some of the basalt flows originating in the eastern part
of the Columbia Plateau flowed into western Oregon through a
topographic low in the ancestral Cascade Mountains. This low
extended from the Clackamas River drainage on the south to
the present Columbia River Gorge on the north. The Yakima
Basalt Subgroup, about 1,500 m thick in the Pasco Basin of
Washington, thins to approximately 550 m in the Cascade Range.
Many stratigraphic members recognized on the plateau are not
present or comprise fewer flows in western Oregon. The Saddle
Mountains Basalt, which ranges from 150 to 275 m thick in the
Pasco Basin, has not been found in the Cascade Range, even
though the Pomona Member is present near the Columbia River
in the Coast Range of Oregon and Washington (Snavely and
others, 1973; Kienle, 1971). The members of the Yakima Basalt
Subgroup that occur in western Oregon are indicated in Fig-
ure II-2.

In western Oregon, the Columbia River Basalt Group com-
prises approximately 29 basalt flows which may be divided
into three formations of the Yakima Basalt Subgroup (Figure
I1-3). Distinctive characteristics of each member and of
other informal subdivisions are given in Figure II-4. These

units are tentatively identifiable in the field on the basis
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STRATIGRAPHIC FIELD CRITERIA LABORATORY CRITERIA
UNIT Jointing, polarity & lithology Geochemistry** § petrography
Pomona Member Blocky to columnar jointing Sa <5
Reversed polarity la <20
Clear plagioclase phenocrysts (3-6 mm) Fe <8%
Clots of plagioclase and pyroxene
Priest Rapids Reversed polarity Sm >7
Member Coarse sugary texture La 25-30
Sc 35-40
Eu 22.5
Frenchman Springs Well-formed colonnade Sm >7
Member Normal polarity La 25-30
Texture often coarse Sc 35-40
Large (l-cm) plagioclase phenocrysts Eu €2.5
*High Mg Grande Blocky and platy jointing Sm <6
Ronde Basalt Normal polarity La 20-24
Coarse texture Sc 35-40
*averly flows Upper flow - very poorly jointed Sm. <6
Lower flow - large columns with La 15-18

platy jointing
Normal polarity

Upper flow - clots of pla-

gloclase and pyroxene
Lover flow - pilotaxitic

*Low Mg Grande Well-formed entablature Sm <7
Ronde Basalt Fine texture La 25-30
Sc 30-35

#Prineville flows Well-formed blocky to wavy colonnade Ba~2,000
Fine texture Eu >4

Co <35

Abundant apatite laths

%* Informal units.

®% Geochemical data obtained by neutron activation analysis.

cillion except where specified.

All data in parts per
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of jointing characteristics, magnetic polarity, grain size,
and the presence or absence of large plagioclase phenocrysts.
Laboratory data, especially major or trace element chemistry,
are necessary for more accurate determinations.

Grande Ronde Basalt is the most widespread of all the
Columbia River Basalt Group formations in western Oregon;
occurring almost everywhere the CRB has been mapped. Of the
four magnetic polarity intervals formally recognized within
the Grande Ronde Basalt, only the oldest, a reversed interval
(Rl), has not been found in western Oregon. The oldest normdl
interval (Nl) is represented by a single flow that occurs at
the bottoms of the sections in Multnomah Creek and in the
Clackamas River (Anderson, 1978).

Grande Ronde Basalt may also be divided chemically on the
basis of magnesium content into "Low Mg" and "High Mg" flows
(Figure II-3). In western Oregon, two High Mg flows occur as
the top two flows of the Grande Ronde Basalt. Because of
their distinctive jointing patterns and textures, the two
High Mg flows are generally distinguishable in the field from
the Low Mg flows, and this informal subdivision is therefore
useful for geologic mapping in western Oregon. In the Colum-
bia Plateau, however, the High Mg flows may also occur lower
in the Grande Ronde Basalt section (D. A. Swanson, personal
communication) .

The Grande Ronde Basalt section in western Oregon also
contains localized units that do not occur extensively in the
plateau and are not formally recognized. In the Clackamas

River area, two flows of the chemically distinctive Prineville
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chemical type (Uppuluri, 1974) occur at the top of the second
!reversed (Rz) section (Anderson, 1978). One Prineville flow,
tprobably an.N2 flow, occurring near the top of the Low Mg
Grande Ronde Basalt, has been found in the exploratory hole

ét O0ld Maid Flat. The Prineville chemical-type flows probably
hJoriginated near Prineville, where 13 flowé are exposed (Uppu-
luri, 1974), and spread northward and westward, onlapping and
interfingering with flows of Low Mg Grande Ronde Basalt.
Prineville flows have not been found in the Willamette Valley,
but the lower part of the Grande Ronde section is not exposed
? in the Portland area, and few chemical analyses have been made
on CRB from other parts of the valley. Prineville flows are
not known ﬁé occur in the Bull Run Watershed (B. F. Vogt, per-
sonal communication) or in the Columbia River Gorge (Beeson
‘and others, 1976)..

In the Waverly Heights area near Milwaukie, Oregon, two
flows which have been informally designated the Waverly flows
(Beeson and ofhers, 1976) occur between the High Mg and thé
- Low Mg Grande Ronde Basalt flows. They are localized by struc-
tural and/or erosional lows which existed at that time. Chemi-
cally, they are very similar to the Low K20 Grande Ronde Flows
that occur at or very near this same stratigraphic horizon in
the Pasco Basin (Ledgerwood, 1978) and along the Snake River
in Washington. The Waverly flows are also similar chemically
to the older Imnaha Basalté. )

The Frenchman Springs Member of the Wanapum Basalt is
widespread in the CRB occurrences in western Oregon. It is

not present along some structural highs such as the Portland
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Hills anticline, either because it was excluded by developing
structures or because it has since been eroded. In the Colum-
bia Plateau, Grande Ronde and Wanapum Basalts are separated

by the Vantage interbed; in western Oregon, this same contact
is marked by a distinctive weathering surface and an interbed
of carbonaceous material. Interbeds occur between other CRB
flows in western Oregon, but because the Vantage interbed is
characterized by deep weathering, structural deformation, and
sedimentary deposits, it must represent a longer time interval.
Tree molds and carbonaceous material are common at this boun=
dary. The first two Frenchman Springs flows above the interbed
contain plagioclase megaphenocrysts which aid in positive
stratigraphic determination.

The Priest Rapids Member occurs in the Bull Run Watershed
(B. F. Vogt, personal communication) and at Crown Point on the
Columbia River as one or possibly two intracanyon flows.
Priest Rapids flows have not been found in any other location
in western Oregon.

The Pomona Member of the Saddle Mountains Basalt occurs
along the lower Columbia River of Oregon and Washington. This
flow probably traversed the Cascade Range as an intracanyon
flow whose course is yet to be determined. Pomona flows have

not been found in the Cascade Range or in the Portland area.
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IIT. STRATIGRAPHY AND STRUCTURE OF THE COLUMBIA RIVER BASALT
IN REGIONS WITHIN THE CASCADE RANGE

A. Hood River Area

The Hood River Valley is located 100 im east of Portland
and extends north about 26 km from the northern flank of
Mount Hood to the City of Hood River on the Columbia River
(Figure I-1). The valley floor is nearly flat, sloping less
than one degree to the north, and is overlain by glacial out-
wash and stream deposits at least three meters thick. The
valley is flanked on the east and west by steep-sided ridges.

The entire valley and surrounding hills are underlain by
CRB; however, exposures are limited to stream channels and
steep hillsides. The CRB basalts have undergone weathering
and a thick soil covers all but the steepest slopes. Hill-
side exposures are usually the result of excavations.

The valley is interrupted in its approximate center by
Middle Mountain, an asymmetric hill of northeast dipping basalt.

The Hood River flows northeast along the west border of
the valley with a gradient of 1 degree, providing the only
outcrops of CRB from north to south within the valley. Two
levels of terraces border the Hood River; the lower terraces
often mark the end of an exposure of the basalts, though CRB
may be found further up slope. The higher terrace consists
entirely of stream-deposited glacial outwash.

Stratigraphy and structure

The Yakima Basalt Subgroup of the Columbia River Basalt
Group exposed in the Hood River Valley consists of two low Mg

R, flows, five Low Mg N, flows, and four High MgO flows of the



22

Grande Ronde Basalt formation and six Frenchman Springs flows
and one Priest Rapids flow of the Wanapum Basalt formation.
One complete section of the Wanapum Basalt underlain by two
(?) High Mg flows and one Low Mg flow was sampled along Snake-
head Creek in the Neal Creek drainage and analyzed for trace
elements. Four High Mg flows overlain by a thin (<4 3 m) eroded
section of a Frenchman Springs flow and a thin (~10 m) cap of
Priest Rapids at the junction of Lake Branch Creek and thek
West Fork Hood River was measured and analyzed. Strétigraphic
sections. of more than three flows in contact elsewhere in the
valley were not analyzed.

The Grande Ronde Basalt is exposed along the Hood River
and its tributaries west of Middle Moutain. Frenchman Springs
basalt is exposed directly north of Middle Mountain along
Hood River.

The entire section of Yakima Basalt in the Hood River
Valley is exposed on Middle Mountain except for the Priest
Rapids Member. In the southwest corner of the valley the
Priest Rapids flow probably occurs as an intracanyon flow.

The Hood River area is gently folded with a general dip
to the east. Frenchman Springs flows crop out at an elevation
of 1600 ft in the southwest corner of the valley and at 400
ft north of Middle Mountain. Younger Pliocene (?) basalts
overlie the Frenchman Springs basalt from Tucker Bridge (2N/
10E-5) to the Columbia River. Frenchman Springs basalt is
exposed at the mouth of Hood River.

An anticline trends north through the southwest corner of

the Hood River Valley between Lake Branch Creek and the West
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Fork Hood River. Another anticline trends east across the
southern part of Midale Mountain and plunges to the east. No
dip in the Yakima Basalt is evident along Green Point Creek.

Two main structural trends occur within the area - NE to
E trending normal (?) faults and folds and NW trending faults
and dikes. Two NE trending faults were mapped, one in the
structurally complex Neal Creek drainage and one in the south-
(vwest corner of the Hood River Valley. South of Snakehead Creek,
a breccia zone approximately 100 m wide marks a fault zone with
a throw of about 150 m up to the south. Several small\faults
occur just north of and parallel to this breccia zone.m The
NE trending fault in the southwest corner is not manifest but
is indicated by a stratigraphic offset in the Yakima Basalt
with a throw of about 70 m down to the south.

Along the West Fork Hood River, Frenchman Springs flows
are exposed at an elevation of 1350 ft (1N/9E-28); the base -
of the Frenchman Springs Member is not exposed. Less than
one km to the north, the Vantage horizon at the base of the
Frenchman Springs Member is exposed along Lake Branch Creek
at an elevation of 1550 ft (1N/9E-28b). ,

Three small olivine basalt dikes (~1 m wide) were mapped
in the High Mg Grande Ronde Basalt (lN/9E422 & 28). They
trend N1OW, N15W, and N45W. A series of small faults trend-
ing N10W to N55W occur along the Hood River north of Green
Point Creek. The faults have about one m wide breccia zones.
fhe faults all occur within the Low Mg Grande Ronde Basalt

section. Because Low Mg Grande Ronde flows are indistinguish-

able from one another, determination of direction and magnitude

~

4
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of movement was not possible. Due to the narrow width of the
breccia zones and the generally small amount of shearing in
adjacent flows, the offset was probably only a few m. One
fault near Ditch Creek clearly displaced a flow 2 m down to
the south.

The Hood River displays two prominent bends which are
fault associated, one in (2N/9E-36d) and the other in (2N/10E-
31b). In Sec. 36 displacement is visible along the fault on
the east side of the river but not on the west. The dip is
to the north. Not enough faulted flows were exposed to deter-
mine throw or direction of movement; however, a two m thick
breccia zone occurs along the fault in Sec. 31. Direction of
movement was difficult to determine but a slickenside trend-
ing N10W and dipping 52S was measured.

Between Dee (1N/10E-7) and the dam on the Hood River
(2N/10E-31) a repeated exposure of two Low Mg R2 Grande Ronde
flows and three overlying Low Mg N2 Grande Ronde flows neces-
sitates a fault down to the southeast through Middle Mountain.
The Vantage horizon is exposed on Middle Mountain at about
1600 ft elevation (1N/10E-18) and to the northeast at about ele-
vation 2400 ft (1N/10E-8) indicating a displacement of 280 m.
The fault passes between the two prominent fault-controlled river
bends discussed above. The Low Mg N, Grande Ronde flows exposed
northeast of the fault are about 230 m thick; the Low Mg N2 Grande
Ronde section to the southwest is about 130 m. thick. The in-
creased thickness and extensive palagonite breccia on at least
two Low Mg N, Grande Ronde flows northeast of the fault suggest

that the area may have been a topographic and/or structural
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low when these lavas entered the Hood River Valley.

On the east side of Hood River Valley a breccia zone about
150 m wide marks the location of the Hood River fault which
trends N5-15W. The throw is at least 270 m down to the south-
west. The valley is cut by several NW trending faults, all
down to the southwest. Hood River Valley does not appear to
be a graben. A cross-section through Middle Mountain shows
several tilted blocks, dipping to the east and separated by
faults. The Frenchman Springs flows crop out at approximately
the same elevation on the west side of Middle Mountain as.they
do on the east side of the Hood River fault. Although unmapped,
it is believed that a fault trends approximately east-west
along the south edge of Middle Mountain and is down to the
south. Highly fractured basalt is exposed along the south side
of Middle Mountain. Another fault may pass under Blue Ridge
on the west side of the upper Hood River Valley. Either, at
least 300 m of Yakima Basalt has been eroded from the upper
valley, or, it has been down-faulted with respect to Middle
Mountain.

Geologic History

The area which is now the Hood River Valley was a topo-
graphic low for most or all of the time the Grande Ronde flows
were deposited. The lowest basalt member exposed, Low Mg (Rz)
Grande Ronde, has a thick palagonite flow top, indicating con-
tact with deep water while the flow was molten. Palagonite
breccia is mixed with the flow. Beneath the palagonite, large
vesicles (~ 10 cm in diameter) and vesicle columns fill the

top 3 m of the flow. The flow may have been invasive--one
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which dives under loose sediments carrying water and sedi-
ments on top.

The Low Mg (Nz) and High Mg (Nz) Grande Ronde flows also
have flow top palagonite exposed along the Hood River. The
area was probably a closed basin without exterior drainage or
at least with disrupted drainage.

The thicker section of Low Mg (NZ) Grande Ronde Basalts
found north of the major fault through Middle Mountain 1ikely
were ponded in a confining topographic low. Because of poor
exposures, it is difficult to determine if the individual flows
are thicker or if there is a greater number of Low Mg (NZ)
Grande Ronde flows in this area. The probability that valleys
existed at the time the Low Mg flows were being extruded is
supported by the existence of an intracanyon flow exposed at
the junction of West and Middle Forks Hood River.

The High Mg flows have a fairiy constant thickness indi-
cating low relief at the time of extrusion except in the south-
west corner of the area. Along Lake Branch Creek four High Mg
Grande Ronde flows are mapped. Because only the top two m
of the lowest exposed High MgO Grande Ronde flows are visible,
the High Mg Grande Ronde thickness is unknown. Palagonite
flow-top breccia covers the entire exposure of the lowest High
Mg flow from Lake Branch Creek to Mohr Park on the West Fork
Hood River. The palagonite and increased number of High Mg
flows indicates the area was a structural low during the ex-
trusion of the High Mg Grande Ronde flows.

After the High Mg Grande Ronde flows transgressed the

area, a period of non-deposition ensued at around 15 my BP
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as indicated by the Vantage horizon.

Folding began during the accumulation of the Grande Ronde
Basalt and continued, accompanied by faulting, during the
deposition of Frenchman Springs flows. The NE-SW trending
fault which passes between Lake Branch Creek and the West
Fork Hood River occurred after the Frenchman Springs basalt
had been deposited. The Frenchman Springs flows were eroded
from the structural high created by the fault in the area
north of Lake Branch Creek. The Priesﬁ Rapids Basalt flowed
into the area filling the structural low to the south of%the
fault and lapped onto the up-faulted eroded Frenchman Springs
basalt to the north. The Priest Rapids flow attains a thick-
ness of about 60 m south of the fault. Further west along
Lake Branch Creek the Priest Rapids flow overlies about 3 m
of pillow basalt.

The NE trending fault in the Neal Creek drainage displays
~10 m thick ridges of cemented breccia which are subparallel
to the trend of the Hood River fault. This fault may have
been associated with deep shearing which allowed hydrothermal
fluids to escape upward into and cement the breccia.

Lake Branch Creek and the West Fork Hood River are separa-
ted by a late Pliocene to early Pleistocene andesite flow
(Wise, 1969). The andesite laps against High Mg Grande Ronde
Basalts on the northeast and against Frenchman Springs and
Priest Rapids flows on the east at about the same elevation.
This indicates that the NE trending fault through Lake Branch
Creek-West Fork Hood River occurred prior to the andesite

flow.
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The NW trending faults occurred after the Priest Rapids
flows were extruded and therefore are younger than the NE
trending faults. Some faults appear to be contemporaneous

with folding because the faults parallel the strike.

B. Bull Run Watershed Area

Introduction

The Bull Run Watershed lies within the eastern portions
of Multnomah and Clackamas Counties and covers more than 390
km2 (Figure I-1).

Lolo Pass and Mount Hood are to the east; the Columbia
River Gorge, Larch Mountain, and the Benson Plateau are to
the north; the town of Sandy and the Sandy River are to the
west; and the communities of Alder Creek, Brightwood, Wemme,
and Zigzag lie to the south. Interstate 80N passes the area
on the north, U. S. Highway 26 to the south.

Access to the watershed is by permit only, and locked
gates are at each of the entrances. Major approaches are
from Sandy on Forest Service Road S-10, from Brightwood on
Road S-224, and from Zigzag and Lolo Pass on Road N-12.

The maximum elevation of 4,600 ft is on Hiyu Mountain
at the eastern boundary of the watershed. The elevation de-
creases toward the west; the lowest elevation, less than 500
ft is at the Sandy entrance.

The major stream in the area is the Bull Run River, which
flows to the north and then to the southwest from its head-
waters at Bull Run Lake. Several smaller streams in the south-
east portion of the watershed join and flow into Blazed Alder,

which, in turn, flows north into Bull Run River; other streams
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flow into this river from the east, north and south. Reser-
voirs No. 1 and 2 are formed by dams on the Bull Run River.

Basalt of the Columbia River Group undoubtedly underlies
all of the watershed but is covered by younger geologic units
and unconsolidated surficial deposits. Because stfeam erosion
has cut through the younger material, all basalt exposures
occur in proximity to rivers and streams. The highest expos-
ure of CRB occurs at an elevation of 3100 ft northwest of
Nanny Creek. Lowest exposure is at an elevation of 500 ft
along the Bull Run River.

Basalt occurs along at least 80 km of the major streéms,
but reservoir water covers at least 10 percent of these expos-
ures. In steep-gradient bedrock streams, exposure is often
nearly continuous, but in low-gradient streams, percentage of
exposure is often much less. Along roads, exposure is gen-
erally less than 10 percent.

The base of the CRB is not exposed in the watershed.

The deepest part of the basalt section is exposed in Blazed
Alder Creek. About 18 km to the north, outside of the water-
shed, CRB unconformably overlies rocks of the Eagle Creek
formation.

Beaulieu (1974) maps overlying units as the Rhododendron
formation in the western portion of the watershed and as Plib—
cene and Quaternary volcanic rocks in the eastern section. Dur-
ing this study, isolated patches of Rhododendron were noted
but not mapped further to the east along the Bull Run River.

CRB was mapped along the Bull Run River and Blazed Alder

Creek by Wells and Peck (1961) and Peck and others (1964);
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more detailed mapping was done by Beaulieu (1974). Engineer-
ing studies include those by Dames and Moore (1972a, b; 1973),
Patterson (1973), Ruff (1957), Schlicker (1961), Shannon and
Wilson, Inc., (1958a, b; 1961, 1963, 1965, 1973), and Stevens
and Thompson, Inc. (1957, 1965). A soils survey of the area
was conducted by Stevens (1964).

Structure and stratigraphy

Grande Ronde Basalt flows, with a total thickness of'
about 150 m and Wanapum Basalt flows, with a total thickness
of 137 m occur within the watershed. The basal exposed flow
is a Log Mg (Rz) flow found in Blazed Alder Creek. Above it
lies approximately 95 m of Low Mg (N2) basalt comprising at
least four and possibly more separate flows. These flows are
difficult to differentiate either in the field or by trace
element geochemistry. Rocks from these flows have extremely
fine-grained textures; one of the N2 flows is characterized
by small, clear, glassy plagioclase phenocrysts. All of the
flows in this group have the same kind of distinctive joint-
ing: a small colonnade and a proportionally much larger
entablature.

Two High Mg Grande Ronde flows with a total thickness of
about 43 m lie above the Low Mg flows. These rocks are coar-
ser in texture than the Low Mg flows. Rocks from the top
flow are also quite open in texture. The tops of both of
these flows, but particularly the upper flow, are deeply
weathered. The lowest flow of the two is characterized by
a blocky colonnade and multiple layers of sheet vesicles.

The upper flow is characterized by well-developed columns,
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sections of which display, platy jointing. A thin éoil zone,
and, in one place, a 9 m thick interbed separates the two
flows. . aia, R

The Vantage interbed lies between the Grande Ronde and
overlying Wanapum Basalt flows. In the Bull Run syncline,
the Vantage is composed 6f sandy and silty sediments with
local soil zones and carbonized wood. The maximum thickness
is 1.5 m at Log Creek. In the Bull Run syncline, the base of
the Wanapum flow above the Vantage often has up to 9 m of
pillow basalt; in the anticline, the contact is flow-on-flow
with no evidence of pillows, soil or carboniéed wood. .

Above the Vantage horizon are the Wanapum flows: six N2
Frenchman Spfings flows and one (or possibly two) R3‘Priest
Rapids intracanyon flows totaling at least 137 m. The French-
man Springs rocks are coarse in texture; three of the six flbws,
‘the first, second and fourth, have large, glassy, plagioclase
phenocrysts (phyric). The third flow has occasional plagio-
,clgse phenocrysts (rarely phyric); the fifth and sixth flows
_'afe aphyric. All of these flows display well-developed colon-
nades and no entablatures. A red clay zone occurs locally
between the two upper aphyric Frenchman Springs flows.

The Priest Rapids intracanyon flow displays reversed
polarity and, where exposed along the Bull Run River, is char-
acterized by at least 100 m of bedded palagonite, én 8 m thick
colonnade and a 60 m thick'entablature. Where it overflowed
the canyon, the Priest Rapids flow is 12 m thick and forms
massive blocky columns. .This thinner part of the flow may in

fact be a separate Priest Rapids flow, but poor exposures make
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it impossible to locate a contact.

The dominant structure is a NE trending (roughly N60E)
syncline and anticline. A N60E trending, 12 degree SE dipping,
thrust fault with at least 180 m of vertical offset occurs on
the north limb of the anticline. The entire area displays
fractures that trend in sundry directions, but particularly
with trends of N10-20W, and N55-65W. -The entire structure
has a slight regional dip of about 2 degrees to the west-
southwest.

The most northerly fold is a N60E trending syncline in
which the Bull Run River flows to the southwest. The axis of
the syncline lies slightly to the south of the river. The
development and persistence of this éyncline during the Mio-
cene are shown by pillows that occur locally at the base of
the highest High Mg Grande Ronde flow; a 9 m interbed between
the two High Mg Grande Ronde flows near the main dam; a less
than 30 cm thick interbed between the two High Mg Grande Ronde
flows at North Fork; a soil zone of the Vantage horizon; and
pillows at the lowest Wanapum flow. The intracanyon Priést
Rapids flow has been found only in the syncline and its peri-
phery.

The NE trending, thrust-faulted anticline parallels the
syncline and lies south-southeast of it. It is defined by
elevations and attitudes of various CRB flows, and is char-
acterized by the absence of pillows, interbeds, and the Priest
Rapids intracanyon flow. A Wanapum flow-top near the county
line on Road S-154 is deeply weathered -- more than the corres-

ponding flow-top in the syncline =-- indicating a Miocene
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topographic high corresponding to the upper portions of the
anticline. The syncline and anticline are believed to extend
northeastward through Hood River Valley, where they are now
broken by N-NW trending faults, to the Columbia River Gorge
where they appear as the Mosier syncline and Ortley anticline.

The complete High and Low Mg Grande Ronde section does
not occur in the upper reaches of Blazed Alder Creek. In
the northern portion of this creek, at least four N2 wa Mg
flows overlie;the R2 Low Mg reversed flow; upstream in the
southern part, High Mg flows are missing. Apparently a struc-
ture was developing in Bull Run during early CRB time. After
the reverse flow entered the area, a topographic high began
‘to develop where the present-day abbreviated section occurs.
A slighf re;ggive subsidence both north and south of the high
developéd. Véhe N2 Low Mg basalt flowed around the high which
was eventually covered by later High Mg flows. Gravity énd
magnetic maps show anomalies roughly corresponding to this
abbreviated section.

The ancient high delineated by the abbreviated section
in Blazed Alder Creek was evidently a zbne of weakness, be- .
cause as foldsvdeveloped, the anticline failed at the margin
of the high, producing the thrust fault with vertical offset
of 180 m and net slip of at least 900 m.

The best exposure of»the thrust fault is just downstream
from the confluence of Boulaér and Blazed Alder Creéks, where
the fault plane is exposed at stream level. Below the thrust
plane about 2 m of the underlying basalt flow is coarsely

brecciated. Extremely finely-ground tectonic breccia occurs

N
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for about 10 m above the thrust plane.

Because of this thrust fault, CRB occurs at higher eleva-
tions and more extensively in the southeastern section of Bull
Run than has been previously mapped. Highest exposure is at
an elevation of 3100 ft. All the CRB in the forward section
of the thrust has been disturbed, even if not actually brec-
ciated, and therefore does not produce good outcrops in these
areas. Although dense and coherent, a very minor amount of
silicification was observed in the breccia of the upper thrust
plate.

Linear ridges of tectonic breccia with trends of about
N10-20W were observed in Blazed Alder Creek in the lower plate
over which thrusting occurred. A smaller ridge also lies with-
in the thrust zone along Boulder Creek. The linear ridges may
represent an older, pre-thrust zone of weakness that brecciated
during the thrusting, or both zones may be due to later frac-
turing which cut across the thrusted area.

A vertical fault occurs at North Fork quarry on Road S-10.
The fault trends roughly N20W, but horizontal slickensides
within the foot-wide fault zone trend in two directions; N30E
and N30W. This fault, because of poor exposures, could not
be traced for any significant distance.

Numerous fractures occur in the CRB in Bull Run. Although
no attempt was made to do a statistical analysis of fracture
trends, certain dominant fracture trends are apparent through-
out the area. Some fractures are merely breaks in the basalt
that cut through regular jointing, and in some cases, several

flows; while other fractures are brecciated or contain
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brecciated zones. -

A major fracture trend is N10-20W. Fractures with this
trend are found throughout the watershed, but notable concen-
trations occur along the north-flowing sections of Blazed Alder
Creek and Bull Run River and their tributaries. Brecciated
zones with this trend also occur near the thrust fault. - Along
the Bull Run River just upstream from Log Creek, a large brec-
ciated zone with this trend crops out. Aerial photoéraphs and
SLAR imagery show a liﬂear with this identical trend that
extends northialong Blazed Alder Creek and Bull Run River,
cuts through the glacial cirque on Falls Creek, and continues
up Tanner Creek to the Columbia Gorge and into Washington State.
A dike of Boring basalt with this same trend crops out along
Blazed Alder Creek before curving slightly and disappearing
in a side Stream. At one point in Blazed Alder Creek, this
dike cuts an older N55W trending breccia zone, another fre-
quently occurring fracture trend in Bull Run.

~The N55W trend is found throughout the area but seems to
océur most frequently near the thrust fault. Upstream from
the thrust fault, N20-55W fractures often contain breccia;
these fractures, however, decrease in frequency with distance
from the fault.

L -Other less common fracture trends include N-S, N20E and
N80W. Fractures frequently affect patterns of mass wasting
and erosion. For example, ét the base of the falls at Falls
Creek and along Road S-10 on the east side of Falls Creek,

massive failure of extremely large blocks of Wanapum Basalt

has occurred along N15W trends.

~
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Fractures often control the directions in which streams
flow in Bull Run. At one point Blazed Alder Creek flows in
a N20W trend and then makes an abrupt turn and follows a N55W
fracture. Theée fractures seem to be most influential in
controlling stream direction when the stream is flowing across
the regional anticline-syncline structure.

The path of an intracanyon flow of reversed Priest Rapids
basalt has been traced from east to west through the watef—
shed. The greatest measured thickness at any one place is
177 m but that thickness was not measured from the absolute
bottom of the ancestral channel. The most easterly exposure
occurs in the eastern portion of the watershed between Log
and Otter Creeks. The intracanyon flow forms a mound on the
bench west of Otter Creek and then is exposed by the Bull Run
River at the point where the river changes directions from
north to west. Again, on the north bench overlooking the
river, the intracanyon flow forms large mounds of basalt.

The next mapped exposure to the west is in a quarry on the
south side of the Bull Run River. Further west, the flow is
again cut by the Bull Run River; it then forms a ridge in a
clearcut north of the river. It is last exposed in North
Fork. From there, it is presumed to have flowed to Crown
Point in the Columbia Gorge. It is correlated with the Crown
Point intracanyon flow by similar chemistry, magnetic polar-
ity, morphology and flow characteristics, and large amounts
of bedded palagonite. Crown Point is on trend énd geographi-
cally close to the intracanyon flow in Bull Run.

The intracanyon flow in Bull Run is characterized by a
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100 m thick palagonite sequence which in places has been
waterworked. Foreset beds indicate flow directions to the
west and southwest. . In other places, the palagonite is un-
sorted and contains large blocks of basalt up to 3 m in
diameter. The flow has a relatively thin colonnade whose
thickness Varies from area to area but which was measured‘at
7.6 m along the Bull Run River. The entablature forms dis-
tinctive, flat—£opped mounds which contrast with the CRB
benches surrounding it. i

Another distinguishing characteristic of this flow is
its somewhat ambiguous remnant magnetic polarity. At some
places, the flow produces a normal reading on the fluxgate
magnetometér, elsewhere it is reversed. - Always, however, a
reversed polarity is shown at the top of the section.

The present-day river does not exactly follow the course
~of the ancestral river through which the intracanyon flow
moved. Where the present-day river breaks into the old chan-
nel, it reveals an almost vertical, smooth, basaltic canyon
wall with a U-shaped valley floor. A very small section of
the ancestral valley floor is exposed in the Bull Run River
and contains relatively poorly sorted, rounded to subangular
basaltic pebbles, cobbles, and occasional boulders ranging in
diameter from less than 1 cm to over 1.5 m.

The Bull Run Watershed region was being deformed in e;r—
liest CRB time as shown by the abbreviated section ig Blazed
Alder Creek. The base of the CRB is not exposed in this area
to record possible earlier deformation. By High Mg Grande

Ronde time, the NE trending syncline and anticline were already
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developing, as evidenced by the local interbed and pillows
between the two High Mg flows in the syncline.

During Vantage time, as elsewhere on the Columbia Plateau,
no basalt flows occurred. Instead, saprolite and soil zones
developed and drainage systems evolved. When the Frenchman
Springs flows entered the area, pillows formed in the syncline
at the base of the earliest Frenchman flow.

Between Frenchman Springs and Priest Rapids time, a major
east-west river drainage system formed. It was through this
180 m deep canyon that the Priest Rapids intracanyon flow.
entered the area from the east and flowed west-northwest to
Crown Point in the present-day Columbia River Gorge.

Sometime during Wanapum time, and probably before Priest
Rapids time, thrusting occurred on the northwest limb of the
anticline.’ Phyric Frenchman Springs flows but not:Priest
Rapids flows have yet been found on the uppefithrESt plate.
Vertical fracturing accompanied the thrusting, with most in-
tense fracturing nearest the thrust zone.

The CRB surface was eventually covered by younger volcanic
and‘volcaniclastic rocks. Fracturing undoubtedly continued
to occur, and erosion along these fractures eventually re-
‘exposed CRB. The most recent fracturing appears to be the
N10-20W trend that is visible on SLAR imagery and air photos.
Boring dikes with this same trend indicate that east-west
extension accompanied or occurred after the north-south com-

pression of the region.

%
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C. Salmon River Area

Introduction

#

Located between the Bull Run River and the Clackamas
River drainages is a series of small isolated outcrops of
CRB which cover approximately 25 km2 within a map area of
about 250 km2. Relationships between these exposures are
difficult to determine because of structural complexities
within some of the areas and because of rather extensi?e areas
of intervening younger Rhododendron Formation and sedimentary

valley fill.

. Structure and stratigraphy

Like other areas previously discussed, the Columbia‘River
Basalt Group exposed in this area is assigned to the Yakima
Basalt Subgroup. As in nearly all exposures of CRB in western
; Ofegon, the basalts in this region are mapped as Grande Ronde
 Basalt and Wanapum Basalt. The base of the basalt is not ex-
posed in this region while the upper contact is unconformable
with the Rhododendron Formation. The Wanapum Basalt is re-
presented by two to four flows with an approximate total
thickness of 75 m. Although a combination of intricate struc-
ture, poor accessability, ana discontinuous outcrops precludes
ascertaining the number of flows in the Grande Ronde Basalt,
certain relationships can be determined. Two High Mg chemical
type flows occupy the upper part of the formation and attain
a thickness of about 70 m. ‘The low Mg chemical typé poSsesses
‘an unknown number of flows but can be subdivided into the CRB
N, and R, paleomagnetic‘intervals that are about 160 m and at

i

least 50 m thick, respectively. .

~
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Traversing the area is the N30W trending Salmon River
fault that separates the Columbia Plateau type structural
trends from those of the Portland Hills-Brothers fault zone.
This N30W trending fault displays a vertical displacement of
about 145 m down to the west with a moderate amount of asso-
ciated tectonic breccia near Arrah Wanna. However, it is
believed that this apparent displacement is the result of
offset of some pre-existing structure by right lateral move-
ment because (a) near the Salmon River opposite sides of the
fault lack significant vertical displacement, and (b) along
this trend in the Upper Salmon River the fault displays right
lateral displacement. Folds to the east of this fault trend
generally N60E with the Bull Run-Ortley anticline terminating
at the Salmon River fault in the vicinity of Brightwood. The
upper Salmon River area is a broad asymmetric anticline with
the same trend and a possible connection with the outcrops at
Robinhood quarry. West of the Salmon River fault a small seg-
ment of a minor anticline occurs in the Alder Creek-Sandy
River area that strikes N75W similar to the folds of the
Portland Hills and is the only fold mapped in the Clackamas
River drainage.

The intervening synclines are not exposed except for a
small area of hyaloclastic material that may mark the axis
of a syncline ﬁear the confluence of the South Fork and Sal-
mon River. The location of other synclinal axes are based on
other lines of evidence and are discussed below.

Faulting has severely complicated stratigraphic relation-

ships in all areas except Alder Creek and the upper Salmon
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River. The Salmon River anticline is, however, down faulted
about 75 m on the north by a NE trending normal fault.

The region between Arrah Wanna and the U. S. Highway 26
bridge crossing of the Salmon River has been deformed by
several faults, all in close proximity to one another, but
with different trends. A short segment of a thrust fault
southwest of Arrah Wanna has displaced thé basal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>