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ABSTRACT

The paleomagnetic directions of Upper Jurassic and Cretaceous
intrusives and Tertiary extrusives in western Idaho, eastern Oregon,
and northern Nevada were investigated for indications of regional
tectonic rotation. Assessment of the reliability of paleomagnetic
directions was a major problem in the study of the intrusives. Nine
of thirty-four sites were rejected after AF and thermal demagneti-
zation because of instability or scatter. Remaining results are of
variable quality but definitely suggest clockwise rotations up to 90°
or more; results are presented as a contour map of equal rotation.
Paleomagnetic directions of Tertiary extrusives, primarily Steens
Mountain and Columbia River Basalts of Miocene age, are indicative of
up to 35° of clockwise rotation; results are also presented as a con-
tour map of equal rotationm.

Two regional geologic Tertiary expansion models, one by Hamilton
and one by Heptonstall were tested against the paleomagnetic data.
Both models have successes and failures.

The clockwise rotation may have resulted from the development of
an orocline, regional strike-slip faulting, or expansion of the Basin

and Range province.
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PALEOMAGNETIC EVIDENCE

FOR STRUCTURAL ROTATION

IN THE PACIFIC NORTHWEST

CHAPTER I INTRODUCTION

Description of Problem

For many years geologists.have commented on the arcuate pattern of
Mesozoic and Paleozoic rocks in California, Oregon, Idaho, and Washing-
ton (see Figure I-1 from King, 1977). The question to be considered is:
Is this pattern a primary feature;‘or was it formed by later structural
deformation? Geologic history, facies distribution and paleomagnetic
studies may help in the investigation. 1In this thesis we will examine
primarily the eastern portion of this arcuate feature in eastern Oregon,
western Idaho, and northern Nevada. The area of paleomagnetic study is
outlined on Figure I-1. An attempt will also be made to fit this area

into the regional Cordilleran geologic history.

The Columbia Arc

Becker (1934) suggested that many structures of the western United
States were related to clockwise torque in the western part of the con—~
tinent. Billingsly and Locke (1941) termed the arcuate pattern the
"Oregon Arc."” Wilson (1954) maintained that the pattern was of primary

origin.
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University Press. Area of paleomagnetic study for thesis.
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Carey (1958) proposed the orocline hypothesis to explain major
changes in trend in orogenic belts of the world. Figure I-2 shows his
interpretation of oroclines in North and South America. Figure I-3
shows greater detail in the western United States. His proposal for
this area was based on right lateral movement on the San Andreas Fault
and Rocky Mountain Trench to produce the resultant pattern.

Burnham (1959) showed that trace elements in metallogenic provinces
bend to the northeast parallel to the California-Oregon portion of the
"Oregon Arc."” Moore (1959) discussed the easterly swing of the quartz
diorite line into the Idaho Batholith. He suggested a relationship to
the boundary between continental crust to the east and oceanic crust to
the west.

Wise (1963) discussed the "Cordilleran sprawl" of the western United
States and believed that many features are consistent with Carey's oro-
cline hypothesis (see Figure I-4). He suggested that paleomagnetic

data might be used to test the orocline hypothesis.
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Irving (1964) demonstrated that paleomagnetic data collected by Cox
(1957) in the Eocene Siletz River Volcanics in western Oregon suggest
clockwise rotation. Watkins (1965) showed that paleomagnetic directions
in Miocene volcanics in eastern Oregon suggest about 15 degrees of clock-
wise rotation since Miocene time. This rotation is relatively minor and
would presumably be subsequent to the major hypothesized rotation.

Taubeneck (1965) proposed the adoption of the term "Columbia Arc"”
as a formal name for the arcuate pattern of the Nevadan orogenic belt.
However, he rejected Watkins' conclusion of post-Miocene rotation on four
counts: (1) a huge swarm of Miocene Columbia River feeder basalt dikes
trend between 341° and 351° in Oregon, Idaho and Washington. They do
not vary in direction in accordance with Watkins' proposed rotation;
(2) the Blue Mountain front is continuous across the area where it should
be bent if post-Miocene rotation had occurred; (3) the Pliocene-Pleisto-
cene volcanoes of the Cascades are aligned north-south across the area of
proposed post-Miocene rotation; and (4) Pliocene faults in western Idaho
are undeformed. Taubeneck stated that possible pre-Miocene tectonic rota-
tion was not considered in detail. However, he believed that lack of
distortion of the northeast trending Oxbow-Cuprum shear zone of Mesozoic
age is good evidence for primary origin for the configuration of the
Nevadan structural zone.

Greenwood and Reid (1969) described large, steeply plunging sigmoidal
folds in central Idaho which involve late precambrian rocks. One fold is
intruded by cross—cutting Cretaceous granite. They believe that the

presence of these folds supports pre-Tertiary rotation.
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Hamilton (1969) proposed that during Cretaceous time the geology
of the west coast of the United States was relatively simple (see Figure
I-5). The North American continent was bordered by a subduction zone.

He proposed that Cenozoic movements separated the structural elements
into the present complex distribution (see Figure I-6). The arcuate
shape on Hamilton's reconstruction (Figure I-5) may suggest that an arcu-
ate shape was developed by Cretaceous time. It may then have been
intensified by later movements.

Gilluly (1970) reviewed the orocline hypothesis and rejected it.

He plotted normal fault traces of Basin and Range faults and stated that
the faulting is not such as to favor the reverse "S" curve in the outcrop
of Mesozoic plutons and the quartz diorite line of Moore (1959).

Smith, et al (1971) show that Cretaceous granitic rocks in north-
western Nevada are similar in age and chemistry to intrusives in the
Sierra Nevada mountains and in the Idaho Batholith. The western Nevada
rocks provide a compositional and physical link between the Sierra Nevada
and Idaho Batholiths and delineate the eastward bend of the Cordilleran
belt. Smith, et al mention the possible relationship of the Mendocino
fracture zone to this bend.

Taubeneck (1973) described the "Trans~Idaho Discontinuity" which
trends from central Idaho through southeast Washington. Permo-Triassic
rocks, south of the discontinuity, strike at approximately right angles
to northwest trends in Precambrian rocks north of the discontinuity.

The feature is pre-Columbia River Basalt. Maxwell (1974) included a map
which depicts continuity of ultramafic rocks from northern California

into eastern Oregon (see Figure I-7) and also shows the Trans-Idaho



{No interprefation mode for
Cenozoic motion in British
Columbio and Washington)

Present shoreline-—3
(Refative to :
continentat inferior) -
.

CONTINENTAL PLATFORM
(Internally stable during

Cenozoic time)

*Top of Creluceous—\ -

. continental slope

flaLaet e,

.
PR

.

COLORADO PLATEAU

RO GRANDE RIFTVALT.

\
A
e \§g\%[s)ﬂ

| MEXiZO

Batholiths
Be!f of gronitic rocks formed
during Late Crefoceous
and earlier Mesozaic time

Eugeosynclinal rocks
Ensimalic materiols, swept ogains!
contiment in Triassic ond Jurassic
time. Conlinuily not estabiished

Q 500 IGCI)O KILOMETERS
i

2

Figure I-5. Paleogeographic map of the continental-margin of west central

North America in middle Late Cretaceous time. From Hamilton (1969).

Courtesy of Geological Society of America.



50| .

e ~
Cenozoic -

volcanic TR "J
Eastern,, crust \ . l” a’(’
Pacitic l‘ “oiln &
F o L
plate ; S e 7o,
' © \ '.._._‘.' L ) S

450

Western

40¢

y 5"}/ Basin and Range
Province

/
/

’

/
/

35°|. Mesozoic batholiths _
Culminating mogmatism - \
Late Crefaceous.

Double dashed pattern,”. (= . \ I |
exposures good; singie “.\ oo N T A \
doshed, exposurés poor, . S ST ] B ~ \
oS faan \
AY

cantinuly inferred _:{San Andreas

30e|._Franciscan Formation

Uppermost Jurassic 10
Upper Cretaceous ocean-
floor sediments, swep!
ogamnst continen! during
Crefaceous time Shown
only where exposed

A\ oy, -

X L \QO‘ETATES-:-— ~ \\
MEXICO ™\
1Y p=s
\\\S‘J

—

Eugeosynchinal rocks
Oraovicion(?) to Jurossic
ensimotic materiols, swept
ogoinst continen! during
Triassic and Jurassic time.
Shown only where exposed

25

)

2 km isobath

- -—_—
Contacts Arrows ndicate iocal relctive ST .
! Dashed where covered motion within Cenozoic hme :
4
aQ

) 500 1GOC KLGMETERS
L o

. e e —

PR SR SO TR S | e s

‘ S | { "U'v

Figure I-6. Upper Mesozoic complexes of west-central North America
showing inferred motion relative to the continental interior during

Cenozoic time. Courtesy of Geological Society of America.



10

J -~ JURLSSIC
'UJ - UFRERVOST JURASSIC,
. UT=UPTER TRIASSIC

T~ TRIASSIC-JUFASSIC '

PT = PERLUAN-TRIASSIC

DM =niliLE PALEQZOIC

C-D- LOWER: PALEQZCIC

0 = ARUCVIGIaN

Figure I-7. Location and apparent ages of ultramafic rocks from

Maxwell, 1974. Courtesy of Geological Society of America.



11

Discontinuity described by Taubeneck. This feature should be considered
in any study of the Columbia Arec.

Rogers, et al (1974) suggest that the Columbia Arc is a primary
feature rather than being the result of post-depositional rotation. They
argue that the lithofacies distribution is indented into the continent
and that the distribution reflects the original shape of the island arcs
and ba;ement compositional types.

Watkins and Baksi (1974) followed up Watkins' (1965) earlier work
with careful K-Ar dating of the Miocene volcanics. They were able to
compare sites with accuracies of .5 to 1.0 m.y. Data in eastern Oregon
and Washington suggest clockwise rotation of about 15° since Miocene.

Data in central Oregon and Washington do not show rotation. They state,
At this time, the question of oroclinal rotation in the Pacific Northwest
remains open."

Beck (1976) argues that discordant paleomagnetic pole positions are
evidence of regional shear in the western United States. Figure I-8
shows his explanation of translation and rotation of crustal blocks re-
lated to motion of the Pacific plate relative to the North American
continent.

Simpson and Cox (1977) discuss Eocene volcanics and sediments from
the Oregon Coast Range which show paleomagnetic directions 50° to 70°
east of the expected Eocene direction (see Figure I-9). They believe that
this suggests clockwise rotation of the crustal block and developed geolo-

gic models to accommodate the rotation.
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North Rmerica
stationary)

Cartoon illustrating northwestward translation and clockwise rotation of
rigid crustal blocks in a northwestward-trending right-lateral shear zone. Heavy diag-
onal lines represent individual faults in a zone of distributed shear. Crustal blocks
(represented by circles) can rotate ball-bearing fushion or move northwesiward without
rotation. Coherent rotation of several blocks acvoss adjacent faults is shown, but more
complicated tectounic patterns might be expected to predominate.

Figure I-8. From Beck (1976).

Courtesy of American Journal of Science.
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Heptonstall (1977) proposes that the Columbia Arc can be "straight-

ened" using the idea of three linked plates between the Canadian Cordil-
lera and Mexico. He accepts the Columbia Arc as a series of three
oroclines with hinge poles at Vancouver, east of the Idaho Batholith, and
the Klamath Mountains (see Figure I-10). He suggests that deformation
began during the Oligocene.

The above references indicate that the origin of the Columbia Arc
remains controversial. The reconciliation of the geology and paleomag-
netics should be a worthwhile goal. The more recent articles such as
Beck (1976), Simpson and Cox (1977), and Heptonstall (1977) attempt to
meld plate tectonics and continental geology. These latter articles

depend heavily on the interpretations by Atwater (1970).
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CHAPTER II SUMMARY OF GEOLOGIC HISTORY

Introduction

The geologic history of the Cordilleran area will be discussed
regionally to show how parts of the Columbia Arc relate to each other.
The approach is derived from Burchfiel and Davis (1972 and 1975) for
California and Nevada but is extended into Oregon, Washington, and
southern Canada following other authors.

Eocambrian to Devonian

Rifting in Precambrian time is postulated as pre~-Belt, about 1450
m.y.b.p. and pre-Wendemere, about 850 m.y.b.p. by Dickinson (1977).
Thick Eocambrian rocks extending from southern California into British
Columbia are believed to have then been deposited along an Atlantic-
type plate margin in Late Precambrian time (see Figure II-1).

Early Paleozoic paleogeography of the western United States con-
sisted of a thin cratonic sequence over the stable interior, a miogeo-
synclinal carbonate sequence extending from eastern Nevada into British
Columbia, and an engeosynclinal sequence west of the miogeosyncline.
Evidence of a Devonian island arc is found in the Klamath Mountains of
California. Cambrian and Ordovician eugeosynclinal sediments and
volcanics and Silurian and Devonian eugeosynclinal sediments are found
in the Roberts Mountains thrust plate of Late Devonian-Early Mississ-
ippian age Antler orogeny.

Devonian shelf deposits are found at the west end of the Blue

Mountains in Oregon (Vallier et al, 1977); these are the oldest

15



16

(1972)

D ISOPACH
RIAN + L €
ED) STEWART

ZE
MB
uo

ALl
CA
cL

DEVONLaN
CHILL i ey
GROA K

ELF

DEV gH|
DEPOSITS

S ——

~=
RIN}
OLITE
ORD TO
EUGEQ sY

7
(
-
e

—_——

2y
gdo |
25 |
. w '
} 'y . BE=
i w b0 %%00& = TS
£x 13 >
<9 0¢.,
] o 4
LL .
“ S3 \
' ]
\I- WO
>
[

OPHj

g ORD.

FIG. I-1 LATE PRECAMBRIAN TO DEVONIAN

ADAPTED FROM BUCHFIEL AND DAVIS (1872 AND 1975).



17
identified strata in Oregon. hevonian rocks of the Chilliwack group
crop out in the northern Cascade Mountains of Washington. Fossiliferous
limestone, graywacke, chert, greenstone, and volcanics are present in
the Chilliwack group.

Mississippian to Early Triassic

Figure 1I-2 shows suggested relationships of Mississippian - Early
Triassic rocks in the western Cordillera based on present distribution.
A true paleogeographic map would require removal of all post deposi-
tional movements such as faulting and consumption of plates in subduc-
tion zones.

The site of the Antler orogeny in Nevada (Roberts Mountain thrust)
became a highland belt which shed clastics eastward into a shallow
marine basin. To the west, a deep marine basin developed with thick
chert, argillite, and turbidites being deposited (the Havillah
Sequence). Further west was a volcanic arc terrain exemplified by the
Happy Creek volcanics in northwest Nevada (Speed, 1977).

In the Sierra Nevada, the Calaveras Complex of volcanics, argil-
lite, olistoliths of shallow water limestone, chert, and sandstones is
thought to be at lease in part equivalent to the Havillah Sequence
(Schweickert, et al, 1977).

The eastern part of the Klamath Mountains consists of Mississippian,
Pennsylvanian, Permian, and Triassic volcanics, limestone, graywacke,
and shale. These rocks suggest the continued presence of a volcanic
arc in this region.

Three upper Paleozoic terranes are described by Vallier, et al

(1977), in eastern Oregon. These are shelf, oceanic, and volcanic arc
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(see Figure II-2). A larger scale map of eastern Oregon from Vallier
is displayed (Figure II-3) because of the importance of the Blue Moun-
tain area to the present thesis. The shelf reportedly has shallow
water rocks of Devonian to Permian age. These apparently grade north-
erly into an oceanic terrane. The oceanic terrane contains serpentine,
basalt, volcanoclastic rock, argillite, and scattered limestone broken
into chaotic blocks. It-is believed that these rocks represent a late
Paleozoic and early Mesozoic oceanic floor of the ancestral Pacific.
The volcanic arc terrane is exemplified by the Seven Devils Group of
Permian and Triassic greenschist rocks in western Oregon and eastern
Idaho. Stevens (1977) states that Permian rocks in eastern Oregon show
many parallels with those in northern California and northwestern
Nevada.

Pennsylvanian and Permian limestones, ciastics, and volcanics are
found in the northern Cascade Mountains (Danner, 1977). Correlation
with the McCloud Limestone of the Klamath Mountains has been suggested.

Burchfield and Davis (1975) believe that the Devonian-Mississippian
Antler and the Permian-Early Triassic Sonoma Orogenies were caused by
similar mechanisms. The Havillah Sequence was thrust eastward across
the continental shelf, This thrusting possibly was related to subduction
activity thought to have been present in eastern Oregon, Washington and
British Columbia. The significance of possible Tethyan faunas in the
Klamath Mountains, the Blue Mountains and the Cascade Mountains is that
plates may have been tectonically displaced into these areas in post-
Permian time from distant Pacific sources by plate tectonic activity

(Danner, 1977).
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Earlv Mesozoic through Jurassic

Early Mesozoic sedimentary, volcanic, and plutonic activity
generally parallels the pre-middle Triassic trends in northern
California, Washington, Oregon, and British Columbia. However, in the
southern two-thirds of California, Triassic and later trends cut across
the Antler and Sonoma belts and Cordilleran geosyncline (see Figure II-4).
The southwestern part of the North American plate possibly was trunc&ted
in early Triassic time. Schweickert (1976) believes that the Melones
and Trinity fault zones mark the truncation edge.

According to Burchfiel and Davis (1975), the Mesozoic volcanic-
plutonic arc began to develop about middle Triasic time, after the trunc-
ation. This is thought to be the result of eastward subduction of the
Pacific plate beneath the north American plate. Accompanying the sub-
duction were Jurassic intrusives in southern California, the Sierra
Nevada Mountains, the Klamath Mountains, the Blue Mountains of Oregon,
Washington and British Columbia. Triassic blueschist localities are
described by Hotz, et al (1977) in the Klamath Mountains and in the
Blue Mountains. These are believed to have developed along a subduction
zone. It thus seems likely that a volcanic arc setting existed during
this period along the entire West Coast from southern California to
British Columbia.

Easterly dipping thrusts associated with the subduction during
Jurassic were accompanied with west dipping thrusting in Nevada, south-
ern California, and early thrusts in Idaho. This is referred to as the

"two sided" nature of the Cordilleran orogen by Burchfiel and Davis.
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Late Jurassic to Late Cretaceous

Referring to Figure 1I-5, rocks of the Great Valley sequence in
California are Late Jurassic to Late Cretaceous in age. The Franciscan
complex of the same age contains ultramafic rocks and are complicated
structurally. Franciscan rocks lie to the west of the Great Valley
sequence and possibly represent material thrust beneath the Great Valley
sequence along a subduction zone (Hamilton, 1969; Maxwell, 1974; Burch-
fiel and Davis, 1975). This subduction is thought to have produced
plutonism in the Klamath Mountains; related subduction probably caused
extensive plutonism in the Sierra Nevada and southern California batho-
liths. Scattered Jurassic and Cretaceous intrusives are present in
Nevada, Arizona, and Oregon (Armstrong and Suppe, 1973; Armstong et al,
1977).

About 10,000 feet of interfingering marine shales and nonmarine
sands and conglomerates of Albian and later age are present in central
Oregon (Wilkeson and Oles, 1968). 1In the northern Cascade Mountains,
40,000 feet of Lower Cretaceous marine volcanics and sediments are pres-—
ent as are 20,000 feet of Upper Cretaceous nomnmarine rocks. The extensive
Coast Range Batholith of British Columbia shows many Cretaceous age dates
(Roddick, 1966).

It can be postulated that the subduction zone off California extended
further north along the Pacific Coast and was also related to plutonism
of the Idaho Batholith and batholiths of Oregon, Washington and British

Columbia (Figure II-5).
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It should again be noted that the geologic history is based on
present distribution of outcrops. We will later discuss how a more simple
pattern may have been present in pre~Tertiary time.

Paleocene to Oligocene

An important change took place in the Cordilleran thrust belt in
Late Cretaceous according to Burchfiel and Davis (1975). At this time,
thrusting ceased in central Utah and southeast California. To the north
and south of this sector, however, thrusting continued until Late Eocene
(see Figure I1I-6).

Igneous activity also changed during Late Cretaceous time. Igneous
rocks of this period are rare in central and northern California, while
extensive volcanism was present to the north in Oregon and Washington.
Thick marine Eocene volcanics are present along the coast of Oregon and
Washington (McKee, 1972). Eocene to Oligocene volcanics and volcanoclast-
ics probably underlie southern Washington and Oregon (see Figure I1-6).
Eocene K-Ar age dates are found in many intrusives in northwestern Wash-
ington and in the Idaho Batholith (Armstrong et al, 1977). These areas
represent areas of intense Eocene heating or actual Eocene instrusions.
Armstrong (1974) states that the Eocene Challis volcanics in central
Idaho probably are erosional remnants of formerly extensive flows. The
Challis volcanics dates range from 55 to 40 m.y. The composition is pri-
marily intermediate calk-alkalic. Eocene volcanism and instrusives are
also present in southwest Montana, western Wyoming, southwest Colorado,
Arizona, and southwest New Mexico. Noble (1972) points out that a strong

period of volcanism began in the southwestern United States in earliest
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Oligocene, 3751 m.y. This includes the Great Basin and Colorado San Juan
and Mogollon - Datil volcanic fields in Arizona and New Mexico. In Nevada
and western Utah, Eocene to Miocene volcanic and instrusive rocks tend to
be aligned in east-west patterns (Stewart, et al, 1977), Figure II-6.

Laramide basement uplifts exposing Precambrian rocks occur in Montana,
Wyoming, Utah, Colorado and New Mexico. These blocks display large verti-
cal movements and are bounded by low to high angle reverse faults. Burch-
fiel and Davis point out that the basement uplifts mostly lie opposite to
the portion of the thrust belt that ceased movement in Late Cretaceous.
Continued thrusting occurred to the north and south, but the shortening
in the central sector may have been transmitted to the area of foreland
structures. Possible increase of ductility related to easterly shift of
Laramide igneous activity is discussed.

Atwater (1970) shows evidence for presence of a spreading zone westb
of the continent during Eocene and a related subduction zone between the
Farallon plate and the American plate. Burchfiel and Davis consider the
possibility that a central shallow subduction plate extended easterly.

The shallow subduction zone is postulated to have transferred the igneous
activity eastward. Such a shallow subduction zone was also proposed by
Lipman et al (1972). Steeper dipping subduction zones possibly existed
to the north and south of the gently dipping zone and separated from it
by tear faults. The east-west trend of the volcanism in Nevada and Utah
could be related to the shallow dipping plate or to the tear faults.

Atwater (1970) shows the possibility that a triple ridge junction

existed offshore 40 m.y. ago from the present position of Seattle. As
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shown on Figure II-6, the oceanic ridge between the Kula and Farallon
plates could have directed a southwesterly force component onto the conti-
nent. The Paleocene to Oligocene history has a special bearing on the
possible oroclinal bending in the Pacific Northwest as will be shown in

a later section.

Miocene to Quaternary

A broad summary of features of this time interval is shown on
Figure II-7.

Atwater (1970) proposed that the present San Andreas fault was in-
itiated about 30 m.y. ago. She shows that part of the oceanic rise may
have come into contact with the American plate and the relative motion was
taken up as right lateral strike slip faulting. She proposes that devel-
opment of Basin and Range structure was related to plate tectonics and
considers the western United States to be a wide, soft boundary between
two rigid plates. Apparently she considers the analyses of Carey (1958)
and Wise (1963) as reasonable.

McKee (1971) proposed that the continent overrode the East Pacific
Rise. In Middle Miocene, basalt and rhyolite volcanism and Basin and
Range faulting then commenced about 16 m.y. ago in response to the pres-
ence of the Rise beneath the Great Basin. He also shows that the nature
of volcanism changed in the Great Basin from rhyolitic-andesitic to
rhyolitic~basaltic at this time.

Noble (1972) suggested that inception of Basin and Range structure
at about 17-15 m.y. was accompanied by crustal rifting in the Pacific
Northwest with eruption of the Columbia River basalt volcanics. He be-

lieved that there is little evidence of time migration of deformation
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but rather that faulting began at practically the same time over the
entire Basin and Range area. He suggested that the Eccene to recent
volcanics west of the Cascade Range are related to subduction. The
Eocene to Oligocene andesites and rhyolites of Utah, Nevada, Arizona,
Colorado, California, Arizona and New Mexico were likewise related to
subduction.

Proffett (1977) suggests that Basin and Range extension may have
begun in southern California 40-30 m.y. ago, moved northerly into south-
ern Nevada 30-23 m.y. ago, into central Nevada 18-15 m.y. ago, then more
recently into southeast Oregon and southern Idaho. He emphasizes the
listric (normal faults which flatten with depth) nature of the Basin and
Range faults. Figure II1-8 shows his interpretation of the Great Basin.
He believes symmetry is present, possibly about a spreading axis. The
most severe faulting and rotation takes place near both boundaries of the
Great Basin. Proffett believes that an overall extension of 30 to 35%
is reasonable, or 160 to 180 kilometers across the Great Basin. This
should have a bearing on possible clockwise rotation of volcanic rocks in
the Basin and Range as will be discussed later.

Strike slip movement is important in the California and western
Nevada portion of the Basin and Range province. Albers (1968) shows that
right lateral structural bending occurred from Early Jurassic time to
pre-Middle Miocene, along the Walker-Lane zone in western Nevada. Sub-
sequent movement was strike slip faulting; totai fault and bending movement
may have been 80 to 100 miles. Lawrence (1976) proposes a series of north-
west trending right lateral faults in Oregon and Washington which may in

part terminate Basin and Range expansion to the north. Wright (1976)
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proposes a southerly zone of normal and strike slip faults and a northerly

zone of mainly horst and graben structure.
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Quaternary volcanism of the Cascade Mountains probably is related
to subduction (Noble, 1972 and Suppe, et al, 1975). According to
Suppe et al, the Snake River volcanics become progressively older to
the west, up to 15 m.y. at 400 km. west of Yellowstone Park. They
suggest that the Snake River volcanics represent the track of a mantle
hot spot at Yellowstone. The American plate may have moved westerly
over the hot spot. The Snake River olivine tholeiites are chemically
distinct from surrounding alkalic basalts. The Raton-trans New Mexico
chain is suggested to be the track of a similar hot spot with strung-

out volcanism related to western movement on the American plate.



CHAPTER III
APPLICATION OF PALEOMAGNETIC METHODS
TO GEOLOGIC PROBLEM

Uses of Paleomagnetism in Geology

Paleomagnetism has been used for many different purposes.
Paleomagnetic "polar wandering' poles were clues to continental drift.
Magnetic anomaly profiles of ocean floor "stripes" are important in
sea floor spreading and plate tectonic studies. Paleomagnetic latitudes
are useful in paleogeographic studies. A recent use of paleomagnetism is
aid in correlation of terrestrial volcanic rocks. Archaeomagnetism has
helped in age dating of prehistoric living sites. The present thesis
depends on differences between measured paleomagnetic directions and

expected directions.

Detection of Structural Rotation

If the Columbia Arc is a secondary feature, created by regional
bending deformation about vertical axes, paleomagnetics could be used to
demonstrate this rotation. This is provided that the rocks acquired
their magnetism prior to rotation. Paleomagnetic directions from similar
times in the cratonic part of North America should be used for comparison

to establish amount of rotation.

Intrusive Rocks

The regional stratigraphic distribution suggests that rocks at least

as young as Late Jurassic and Cretaceous are involved in the Columbia Arc.
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Upper Jurassic and Cretaceous plutons ranging from gabbro to granite are

present in the Blue Mcuntains of Oregon, the Idaho Batholith, and northern
Nevada. If regional rotation occurred during Late Cretaceous or later,
magnetic directions from these plutons should also demonstrate rotation.
Rocks emplaced later than any regional binding would not show rotation of
magnetic direction.

Eight intrusive localities were sampled in Nevada, fifteen in Idaho
and twelve in Oregon. Sites of available radiometric age from the litera-
ture were given priority. Few radiometric dates were available in Oregon
at the time of sampling (1972 and 1973) so undated plutons were also
sampled there. As will be described in a later section, not all of the
intrusive localities yielded useful results because of instability or weak

magnetic response.

Extrusive Volcanic Rocks

No field sampling of volcanic rocks was done by me. However, I was
fortunate to obtain about 354 oriented samples and paleomagnetic data for
an additional 170 samples from Chevron U.S.A. Inc. As mentioned in
Chapter I, Watkins and Baksi (1974) state that eastern Oregon Miocene
volcanics showed about 15° of rotation. Simpson and Cox (1977) mention
the possibility of rotation of Miocene volcanics near the Oregon coast.
If rotation of Tertiary volcanics in the present study area can be con-
firmed, this would have a bearing on regional geology of the Basin and

Range province in addition to that of the Columbia Arc.
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Examples from the Literature on Use of Paleomagnetic
Data to Study Structural Rotation

Norris and Black (1961) studied paleomagnetics in the Canadian
Rockies to show that the bend in the Lewis overthrust probably is due
to erosion rather than later structural bending. Van Hilten (1962)
showed that Permian volcanic rocks in northern Italy have magnetic
directions that differ from other European Permian directions. Rotation
of about 70° is suggested. The use by Irving (1964) of Eocene data by
Cox (1957) to suggest an oroclinal bend in the northwestern United States
was mentioned in Chapter I. Kawai, et al (1961) show paleomagnetic and
geologic evidence for early Tertiary bending of Japan. Mesozoic rocks
are rotated 58° counterclockwise whereas overlying early Tertiary rocks
are unrotated. Irving and Opdyke (1965) suggest that the Appalachian
geosyncline was rotated through an angle of abqut 40° after Silurian time
in the "Susqehanna Orocline". ©Narin and Westphal (1968) demonstrate
Permo-Triassic rotation in Corsica of about 30° by bathymetric contour
fitting and sea floor anomaly results as well as paleomagnetics. Van der
Voo (1969) confirmed previous suggestions of about 35° of counterclockwise
rotation of Spain between Late Triassic and Late Cretaceous. Larson, et al
(1975) suggest that the south end of the Mariana Ridge and Trench system
has been bent to the west (see Fig. III-1). This agrees with earthquake
focal mechanisms and may be the result of major east-west lateral faulting.

The recent use of paleomagnetics by Simpson and Cox (1977) to suggest

50° to 70° of clockwise rotation of Eocene rocks in coastal Oregon was
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Vandenberg, et al (1978) detailed both rota-

mentioned in Chapter I.
tion and latitude change of the Italian Peninsula from Late Mesozoic

Counterclockwise rotation of about 700 and latitude shift

to present.
of 10° southerly followed by 23° northerly shift are shown since Late
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CHAPTER IV
FIELD METHODS

Sample Collection

Intrusives

Sampling was done during two l-month intervals in 1972 and 1973.
The primary targets for demonstrating possible rotation were the Blue
Mountains of Oregon, the west edge of the Idaho Batholith, and northern

Nevada. Sample locations are shown in Figure VI-3.

How Intrusive Sites Were Chosen

Sample localities were sought out wherever K-Ar dates were published.
Smith, et al (1971) give age dates for sites in north central Nevada;
McDowell (1966) provided dated localities in northwestern Nevada and the
western part of the Idaho Batholith. W. H. Taubeneck (1972, pers. comm.)
recommended localities I5, 01, 02, 03, and 04 and supplied general ages
for them. Additional undated sites were sampled to f£ill in gaps in
coverage, e.g. 07, 09, 010-12. Since the time of sampling, a consider-
able number of new age dates have become available (Armstrong, et al.

1977) in the Pacific Northwest. Sadness!

Sampling Procedures for Intrusives

Two gasoline powered drills were furnished by the University of
Oklahoma for one month sampling periods in the summers of 1972 and 1973.

Felker diamond tipped bits, 1-1/8" x 12" in size, were used for coring.

36
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Water was provided for drilling by a hand pumped sprayer can. A
Brunton Compass was used for orientation. Oriented block samples were
taken when long hikes were required. Much time was consumed in the
search for suitable sample sites. The field process of determining
whether the outcrops were in place, looking for unweathered outcrops,
and searching for attitudes of overlying volcanics took much more

time than actual sampling.

Strike and Dip of Volcanics Overlying Intrusives

The attitude of the overlying volcanics was recorded where pos-
sible to remove post-volcanic tilting from the measured paleomagnetic
vector. In some cases, this measurement should be quite helpful, for
example, at locality N6 in northern Nevada. A basalt ridge lies 3000
west of the diorite outcrop with N5°E strike and dip of 16° west. In
other cases, the volcanics might be located two miles away with 45° dip.
Long distance extrapolation of steep dip to the intrusive sample site

is risky.

Number of Intrusive Samples

McElhinny (1973) states that the acceptable minimum number of
specimens for reliability is eight, or rarely, seven. In some cases,
fewer cores were taken when additional reliable outcrops were impossi-
ble to find, or where block samples had to be carried long distances.
Eight sites were sampled in Nevada with 66 cores, 15 sites in Idaho
with 121 cores, and 12 sites in Oregon with 79 cores. The total

intrusive sites were 35 with 266 individual cores. It should be
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pointed out that for so large an area, the coverage is of reconnais-
sance nature. Unfortumnately, several localities proved to be un-

reliable.
Extrusives

Location of extrusive samples is shown in Figure VI-9.

One inch diameter oriented cores of volcanics were obtained from
Chevron U.S.A. Inc. These samples were collected in thé spring and
summer of 1972 by Jack Cunningham, Keith Drummond, and Ralph Kraetsch.
Azimuth on most samples was measured with a sun compass and dip of the

core was measured by Brunton Compass.

Strike and Dip of Volcanics

Strike and dip of the volcanic flows were measured with a Brunton

Compass in most cases or estimated later onm stereo photographs.

Number of Volcanic Samples

Sampled sites were of two kinds. First, a series of flows were
sampled in detail. An example of this is locality 28839 in Harney County,
Oregon, where 47 cores were drilled in 2800' of Steens Mountain Basalt.
The second type of sampling was reconnaissance, for exgmple, north of the
Harney Basin. Here a series of four cores were collected at different
scattered stratigraphic and geographic sample sites.

Twenty-four extrusive sites were collected in Oregon with 282 cores.
Ten sites were collected in Idaho with 242 cores. Total sites were 32

with 524 total oriented cores of volcanics.



CHAPTER V
LABORATORY METHODS

In paleomagnetic studies, the remanent magnetism's direction and
strength are measured. Various "cleaning methods" are applied to remove
soft components. We would ideally like to recover the TRM or
thermoremanent magnetism that was acquired when the igneous rock cooled
through the Curie point. This is in general a very difficult task to
accomplish, particularly with coarse-grained intrusive rocks. The best
that can be done is to try to achieve a stable magnetic moment and to
compare it to other samples and other sites and attempt an interpretation.
The age of the magnetization is considered to be the K-Ar age of the
intrusives. However, later additive magnetization must be considered as

a possibility.

Intrusive Rocks

Problem of Stability of Granitic Rocks

Coarse grained granitic rocks are commonly considered by workers in
paleomagnetism to be magnetically less stable as compared to volcanics.
For example, Hayes and Scharon (1956) described measurements on Precambrian
granite in Missouri that were inconsistent and the magnetism too weak to
give reliable directions, whereas associated Precambrian rhyolites gave
consistent directions. However, if one wishes to work with western United
State Cretaceous igneous rocks, he must try to use what is available,

coarse grained granitic rocks in many areas. Inclusions are in many cases
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finer grained than the intrusive granitic rock. An attempt was made

to sample inclusions for this reason.

Mineralogic Factors in Stability

The most common minerals of interest in paleomagnetism are the
titanomagnetite and ilmenohematite series as shown in Figure V-1 adapted
from Strangway (1970). Granitic rocks tend toward the magnetite and

hematite ends of these series.

Ti0p

Basalt\

FeO 4 a Fe;03 -Hematrte
Magnetite ¥ Fep O3 - Maghemite

/ . . .
Granite Dlagrar.n illustrating the composition of
the major magnetic minerals.

Fig. V-1. Modified .from Strangway (1970). Courtesy of McGraw-Hill Book
Company.

Verhoogan (1959) has experimentally established that finer ferri-
magnetic grains in the rock produce a more stable TRM. Therefore, both
texture and composition have important bearings on the magnetic stability

of rocks.
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! up into small grains by exsolution,
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d granite with very large grains of magnetite,

Figure V-2. Alternating field demagnetization. From

Strangway (1970). Courtesy McGraw Hill Book Company.
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Gromme and Merrill (1965) found that their granitic samples had a
large soft component of magnetization. Large grains of pure magnetite
comprised almost all of the ferromagnetic material. They attributed the
large scatter to this mineralogy and texture. However, they believed
they achieved a significant paleomagnetic direction by extensive aver-

aging.

AF Demagnetization

One of the most easily applied and useful tests for stability is
alternating field (AF) demagnetization in which the sample is tumbled in
an A. C. generated field which is gradually reduced to 0. Figure V-2 from
Strangway (1970) shows a comparison of AF demagnetization for red beds,
two basalts of differing grain size and granite with large grains of
magnetite. The granite sample is the least stable rock of those shown.

Coercivity is a useful concept for evaluating stability. Three con-
siderations are 1) bulk coercivity, 2) remanent coercivity and 3) coer-

civity spectrum.

Bulk Coercivity

In the hysteresis loop, Figure V-3 modified from Irving (1964), the

value -He is required to reduce the magnetization to Q. This is known as

o
the bulk coercivity.

Fig. V-3 Hysteresis loop. Modified
from Irving (1964).

~Hc=bulk coercivity

-Hcr=remanent coercivity

~ds

Hysteresis loop (B/1 loop).
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Remanent Coercivity

However, when the field Hc is removed often the material will re-
bound and reacquire a magnetization as shown by arrow a from Fig. V-3.
To reduce the remanent magnetization to O requires a stronger field, -
Hcr, to leave the magnetization at 0 when the field is removed; see arrow

b.
Coercivity Spectrum

A coercivity spectrum can be produced as described by Larson et al
(1969). Figures V-4 and V-5 from Larson et al which show coercivity for
fine and coarse grained granite. Note labels He and Her which are the
bulk and remanent coercivities respectively. The fine grained granite is

more stable than the coarse grained granite.
AF Demagnetization Example, Intrusive Data

Fig. V-6 shows the magnetic intensity vs. demagnetization field plot
for a 92.4 m.y. old diorite porphyry in north central Nevada (locality N6).
This is not a simple demagnetization plot as comparison to Figure V-2 shows.
The relative magnetization is higher at 50 oe. than at 0 field intensity.
However, the direction is quite stable as shown in Figure V-6B. Some
intrusive samples were run at 400 oe.; most were run at 0, 50, and 100 oe.
However, all of the intrusive samples were thermally demagnetized to 580°¢C.

as will be described in the next section.
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Thermal Demagnetization of Intrusives

Thermal demagnetization is very useful as a means of removing soft
components present in some of the rocks being investigated.

Thermal demagnetization is also useful for obtaining a suggestion
of composition of the magnetic minerals present. Magnetite has a Curie
point of 580° whereas titanomagnetite can have a much lower Curig tempera-
ture. It is reassuring if AF demagnetization and thermal demagnetization
tend toward the same stable remanent direction. One danger of thermal
demagnetization is that oxidation or other chemical changes can occur.
One problem encountered in the present study is that some samples physi-

cally crumbled with high temperature.
Thermal Demagnetization Example, Intrusive Data

Figure V-7 shows thermal demagnetization results for the 92.4 m.y.
diorite porphry, locality N6, in north central Nevada. This is from the
same sample as displayed in Figure V-6. A similar early slight rise of
intensity with demagnetization is noted in Figure V-6. The intensity
falls off rapidly at temperatures higher than 300°C. This intensity
fall-off is presumably due to different size magnetic grains with dif-
ferent "blocking temperatures" (McElhinny, 1973).

In this case, the direction during AF and thermal demagnetization
are not significantly different and do not change appreciably during
demagnetization. This suggests that the direction is stable. It does
not prove, unfortunately, that the final demagnetized direction is the

original TRM.
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All of the intrusive samples were thermally demagnetized to

580°C, except those which crumbied at a lower temperature.

Problem of Post Intrusive Structural Movement

The intrusive rock obtains its TRM by cooling in the earth's
magnetic field. Any later rotations will affect the paleomagnetic
direction that is measured. Only those rotations revealed by tilting
of overlapping younger beds on the intrusive can be detected and
corrected. Previous post-cooling dislocations could not be corrected.
One might picture an intrusive cooling through the Curie point of
magnetite, or more properly, through the various blocking temperatures,
and yet some portion of the intrusive might continue forcible emplace-
ment with rotation of previously magnetized parts of the intrusion (see
Figure V-8).

The Columbia River Basalts and other volcanics were deposited on an
eroded surface of many of the sampled plutons. They are gently dipping
in most areas, but have been strongly folded in some areas. Dips and
strikes were measured wherever outcrops were available and the paleomag-
netic directions were corrected by computation. Figure V-8 is suggestive
that only relatively recent movements of intrusives can be properly
accounted for. There will be some areas, such as interior parts of the
Idaho batholith where volcanics have been eroded, where post intrusive
rotation will be difficult to determine except possibly by paleomagnetic

information.
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Extrusive Rocks

Stability of Extrusive Rocks

The previous discussion on intrusive rocks suggests that volcanics
should display much better magnetic stability than coarse grained
granitic rocks. Many of the extrusive localities measured appear to be
stable. According to Watkins and Baksi (1974) the lavas of southern
Oregon are very stable. However, the Columbia River Basalt is commonly
maghemized, resulting in instability. This observation is confirmed
by the present work. Samples from two different volcanic flows from
the Columbia River Basalt at locality 29881 near Boise, Idaho, are

shown in Figures V-9 and V-10.

AF Demagnetization of Extrusive Volcanic Rocks

Figure V-9 shows rapid decline of intensity with increasing AF field
to 17 of the initial NRM value at 300 oersteds. The Schmidt net plot
shows reversed polarity, and successive directions vary considerably with
different field values. Sample 14B is unstable.

Figure V-10 shows demagnetization results for sample 15D which is
stratigraphically lower than 14B. The intensity falls only to 23% of its
initial NRM value at 300 oersteds. The Schmidt net plot shows reverse
polarity which varies little with increasing magnetization. Sample 15D
is considered to be stable.

Most of the volcanic cores were demagnetized at 100 and 200 oersteds.
No thermal demagnetization was done although it might prove helpful on

unstable samples.
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Significance of Paleomagnetic Directions in Volcanics

A single flow represents an instantaneous time in a geological
sense. Because of secular variation of the magnetic field, successive
measurements on many flows covering a sufficient time span should be
made in order to obtain a useful paleomagnetic direction. Sample locality
28840 at Oregon Canyon Creek in the Trout Creek Mountains, Oregon,
involves 1900' of volcanics probably correlative to the Steens Basalt.
Nine reversals are noted in magnetic directions of the samples. This
may suggest that sufficient time is represented at this locality so that
an average direction would tend to smooth out secular variation. Larson
(1965) and Watkins and Baksi (1974) have pertinent discussions of
this problemn.

A number of localities have been sampled with only a few cores
(4 to 8). This is true for the localities north of the Harney Basin.
The K-Ar ages vary from about 22 m.y. to 7 m.y. Each site would yield
an instantaneous direction but an average of many localities should give

a useful average Late Miocene paleomagnetic direction to test for rotation.

Measurement of Paleomagnetic Data

Preparation of Samples

After a core was drilled in outcrop, the brass orienter was inserted
and the cross bar leveled with the Brunton. The x-axis was scribed with

a brass wire inserted into the slot. The azimuth and plunge were
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measured by Brunton and recorded (see Fig. V-11A). The orienter was
removed and the core was broken loose with a brass wedge. The top of
the core was marked.

Then, in the laboratory the core was drilled crosswise as shown in
Figure V-11B, held in a special vise. The resultant core was then
rotated and redrilled to yield an approximate sphere as shown in Figure

V-11C. Oriented blocks were first core drilled in the laboratory.

DIAMOND
1TIPPED x

PLUNGE Y |

A. BRASS ORIENTER B. C.

Figure V-11. Steps in preparation of sample.’

Spinner Magnetometers

Three spinner magnetometers were used in the course of the work. The
first was an electric motor driven modified Marathon spinner with a speed
of 10 r.p.s. assembled by Dr. E. E. Larson. The maximum sensitivity was

-5
about 10 e.m.u.

The second spinner magnetometer was a compressed air driven 155 r.p.s.

Marathon spinner in the laboratory of Dr. Don Watson of the U.S.G.S. Its

accuracy was also about 10_5 e.m. u.
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The third spinner magnetometer was a commercially built Schoenstedt
electrically driven spinner, Model SSM~1A. Its maximum sensitivity is
"about 1077 e.m.u. This spinner was used for all of the thermal demagneti-
zation samples and all of the volcanic samples.

All three magnetometers involved spinning the samples about each axis
in turn. In addition, for the weak or erratic samples, the specimen was
reversed for each axis to give a total of six measurements per sample.

The natural remanent magnetism (NRM) of each specimen was measured.
Both intrusive and extrusive samples were ''cleaned" of unstable components
by AF¥ demagnetization and remeasured. The intrusive samples were then

thermally treated, cooled, and measured.

AF Demagnetizer

The equipment was constructed by Dr. E. E. Larson. During demagneti-
zing, the sample is rotated in a 3—-axis tumbler at about five revolﬁtions
per second so that particles of all orientation will be statistically de-
magnetized along their axes of magnetization. The alternating field is
reduced from a selected maximum to zero by means of an R~C circuit. As the
field is slowly reduced, domains with lower coercive force are fixed in
different orientations. All domains with coercive forces less than the
initial selected maximum field should arrive at random directions. The
demagnetizer is unshielded; the earth's field is small compared to the

demagnetizing force.

Thermal Demagnetizer

The thermal demagnetization equipment consists of a nichrome heating
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element inside a horizontal mumetal shield and a control panel. Water is
circulated through the shield to keep it cool. The interior temperature
is automatically monitored and kept at the desired temperature by a
thermocouple and control circuit. The selected temperature was maintained
for 30 minutes. The electricity was then turned off, and an air current
was passed over the samples to hasten cooling. Only the intrusive samples

were thermally treated.

Computation by Computer

A computer program was adapted by Dr. E. E. Larson to reduce the raw
data obtained from the spinner magnetometers. As shown for each locality
in the Appendix, mean inclination and declination, N,R,K, alpha 95, and
virtual pole latitude and longitude are calculated for the NRM and each
demagnetization treatment. The terms will be defined in the following
paragraphs. The computer program also plots the results as an equal area
stereogram.

The sample localities all show various degrees of scatter as reference
to the plots in the Appendix demonstrates. This scatter is to be expected
as described by Larson (1965). Some of the reasons for scatter are: errors
in orientation and measurement of the sample, anisotropism, unaccounted
structural complications, movement of the geomagnetic field during intrusion
or extrusion of the igneous rocks, and secondary magnetization.

Irving (1964) presents a review of the method of Fisher (1953) to
calculate a mean direction of the scattered paleomagnetic directions. The
best estimate of the true mean direction (f,m,n) is the vector sum of the

N individual directions (,Q,m s, ) each of which is given unit weight:
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Fisher showed that the best estimate of the precision is
k = N-1

N-R
k is small for large scatter and is large for small scatter. Another

useful parameter, alpha 95, is given as
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The value X935 is the radius of the circle of confidence about the mean.

Circles of confidence can be used in the comparison of two different mean
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directions. If the two circles do not intersect, the two mean directions

are significantly different at the 95% level of confidence.

Age Meacuremant

Potassium—-argon dates from the literature are used instead of lead-
alpha dates because they are believed to more reliable (McDowell and
Kulp, 1969). The potassium-argon dates are considered reliable if both
hornblende and biotite dates agree. The biotite dates are more easily
reset by later heating (Smith, et al, 1971). The source in the literature
for the dates are given for the various sample sites in the Appendix.

Two sites, 02 in the Wallowa batholith, and 05 in the Bald Mountain
batholith were dated by the fission track method in the Chevron U.S.A.
Inc. laboratory in San Francisco. Apatite was used in sample 05; titanite
and zircon were used in sample 02. One advantage of the fission track
method is that it is not as sensitive to weathering as is the K-Ar technique.

K-Ar dating of some of the volcanic samples was performed by a
commercial service. However, considerable scatter was present in some of
the dates and certain dates are questioned.

In some intrusive or extrusive sites, no K-Ar dates are available. A
general geologic date is then given from the literature wherever possible.

Problem of Post-Intrusive and
Post—~Extrusive Disturbances

Post Emplacement Reheating

As previously discussed, stable magnetism is not necessarily the
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original TRM of the rock. The original TRM could be changed by later

heating. For example, extensive areas of the Idaho Batholith in Figure
II-6 are shown to have K-Ar age dates of 50 m.y. or less. It is uncertain
whether these are Mesozoic intrusives that were reheated during the
Challis episode (50-40 m.y.) or true Eocene intrusives (Armstrong et al,
1977). 1If reheating is the correct interpretation, the earlier Mesozoic

paleomagnetic direction probably was reset to that of Eocene time.

CRM, Chemical Remanent Magnetization

Later chemical alteration can produce stable or unstable magneti-
zation which may not be parallel to the original magnetization. This is
the method whereby many old rocks obtain magnetization parallel to the
present field (E. E. Larson, personal communication). The problem of
instability associated with maghemized Columbia River Basalt was discus-

sed in Chapter V and illustrated in Figure V-9.

Effect of Lightning

Graham (1961) showed that IRM (isothermal remanent magnetism)
resulting from lightning discharges can be very strong. R. L. DuBois
(personal communication) showed that IRM could not be completely removed
by demagnetization treatment in some cases. Sample site selection should

be made in valleys or road cuts wherever possible to minimize the problem.

Post Emplacement Structural Rotation

The problem of post intrusive structural movements was discussed pre-

viously and shown in Figure V-8. The magnetization directions of sites



60

listed in the appendix of both intrusives and extrusive volcanics have
been corrected for dip wherever possible. This is satisfactory except
in the case of steeply plunging fold axes in which case serious error

can result from the simple tilt correction (Cox and Doell, 1960).
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CHAPTER VI
PALEOMAGNETIC DATA PRESENTATION

Reference Paleomagnetic Directions

Paleomagnetic directions must be compared with undisturbed
paleomagnetic directions for the same geologic gime in order to detect
rotation as was discussed in Chapter III.

A recent article by Van Alstine and de Boer (1978) present a new
method for constructing apparent polar wander paths using statistical
analysis. Figure VI-1 was made from their data for Jurassic to Recent
for North America. They attempted to use only reliable poles and have
excluded poles for which (1) stability has not been demonstrated by A.C.,
thermal, or chemical cleaning techniques; (2) significant post-magneti-
zation tectonic rotations have been suggested; (3) ages were in doubt
more than a certain amount; or (4) the computed mean of at least five
samples had an®95 larger than 15°.

Using pole positions as shown in Figure VI-1, the paleomagnetic
directions were calculated for the position of Bald Mountain Batholith,
Oregon. Results are shown in Figure VI-2 which uses fcrmulas from

Irving (1964), p. 42 and 43.

Age Pole Lat. Long. Calc. Incl. Decl.
100 m.y. 69° 172°W 70° 29.5%
53 m.y. 87° 140°W 65.5° 0°
12 m.y. 8e° 160° 65. 50 2%y

Figure VI-2. Calculated paleomagnetic_directions for region of Bald

fountain, Oregon (Lat. 459N, Long. 118°W) from North American pole positions.

62
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The data from Figure VI-2 are used to construct the reference

directions displayed on the map, Figure VI-3.

Intrusive Igneous Rocks

Appendices 1, 2, and 3

Appendix 1 shows the paleomagnetic results for intrusive igneous
rocks in Nevada. Appendices 2 and 3 are for intrusive igneous rocks
in Idaho and Oregon. The location, age, rock description, overlying
structure, and paleomagnetic results are given for each locality. The
mean inclination and declination and statistics are listed for NRM and
each demagnetization treatment. One treatment is chosen as the best
interpretation of the paleomagnetic direction. Results for the treatment
considered to yield the most representative of the stable paleomagnetic
directions are displayed on an equal area stereonet. The choice for
display is based'partly on statistics, but in general for the intrusives
the thermal demagnetization results are preferred over the AF. For
example, the locality N4, the 400°C. thermal demagnetization is displayed
as probably the most stable direction. The direction for 400°C. thermal
demagnetization agrees in general with the AF results. The precision
factor K is highest, 32.5, and alpha 95 scatter is smallest, 9.80, for
all of the demagnetization treatments performed on locality N4. An attempt
to evaluate reliability of the site is included under the "'results'" heading.
No stereonet plot is shown for those localities which were felt to
be unreliable. For example, sites I1l, I2, I8, and I9 in the Owyhee

Mountains of Idaho all have undergone hydrothermal alteration and are
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too weak to measure reliably.

I collected and measured all of the intrusive sites listed in
appendices, 1, 2, and 3.

Some of the final displays of intrusive directions have circles of
confidence which overlap the present direction of the earth's magnetic
field. It cannot be said unequivocally that this direction is not
related to recent magnetization. For example, site N4 direction is
quite stable and overlaps the present field direction. If considerable
clockwise rotation of a 330° Cretaceous declination has occurred, we
might expect some site directions to overlap the present 20° declination.
Many of the sites, however, do not overlap the present field, e.g.

locality N1 and N6.

Map of Paleomagnetic Directions for Instrusive Granitic Rocks (Fig. VI-3)

The base map and regional geology for Figure VI-3 were taken from
the A.A.P.G. Tectonic Map, Cohee, et al (1962). The Eocene Challis
volcanic outline east of the Idaho Batholith was obtained from the Geologic
Map of Idaho, Ross and Forrester (1947) and Armstrong (1974).

Dated intrusive granitic localities original in this report are
shown as black hexagons in Figure VI-3. Undated localities are displayed
as black triangles. All of these samples have been subjected to both AF
and thermal demagnetization.

Data by Beck et al (1972) are shown as open hexagons and triangles.

These samples were subjected only to AF demagnetization. In addition,
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an average pre-75 m.y. direction is shown in Montana for the Cretaceous
Elkhorn Volcanics (Hanna, 1967).

Thec&95° radius of confidence is also shown on the map for the
intrusive localities as arcs on either side of the central direction.

Considerable between site scatter is present for the various
intrusive localities. Reason for within-site scatter was discussed in
Chapter V. Reasons for between-site scatter probably are similar but
accentuated. However, a northeasterly direction cominates in western
Idaho, Oregon, and north central Nevada. A northwesterly trend may be
present in northern Idaho, northeast Nevada and western Montana.

Map of Averaged Paleomagnetic Directions for Intrusive Igneous Rocks
(Fig. VI-4)

It is believed that averaged intrusive paleomagnetic directions by
region produce a more reliable paleomggnetic direction to aid in esti-
mating rotation. Figure VI~SA shows the Schmidt net plot of the locali-
ties in north central Nevada. This is the average paleomagnetic
direction plotted in this region on the map, Figure VI-4,

No Schmidt net plot is shown for the average in northeast Nevada
since the directions for N7 and N8 were simply averaged. N1 was not
included in an average but is left by itself as a single locality. It
appears to be intermediate in direction between directions for northeast
and north central Nevada.

Figure VI-5A shows the average paleomagnetic direction for north
central Nevada. N2 could perhaps be omitted but it was decided that no

localities should be omitted from the averaging. The average age is
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A. HUMBOLDT COUNTY, NEVADA, SITES N2-N6

. N4 MEAN:INC 67
N5 o MEAN DEC 52

/ N3® N6

N2 :5 AVE LOC
. 2 LAT 41.9
LON 118.6

B. W IDAHO BATHOLTH, BOISE AND VALLEY CO., IDAHO,
SITES 13,14, BECK

|4

MEAN ING 50
BECK /4 e MEAN: .DEC 36

:EAVE LOG
T LAT 441
LON 116.1

FIG. MI-5 CRETACEOUS INTRUSIVE ROCKS. AVERAGE OF
MEAN N-SEEKING POINTS AND REFLECTED S-SEEKING
PALEOMAGNETIC DIRECTIONS. SCHMIDT STEREONET
DISPLAY. ®,0- NORTH SEEKING POLARITY DOWNWARD AND
UPWARD RESPECTIVELYAVETIP C?EF ARROW POSITION OF

RA
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about 99 m.y.

Figure VI-5B shows the average direction for three localities, 13,
I4, and the Beck, et al (1972) locality in the southwest side of the Idaho
Batholith. The average age is about 72 m.y.

Figure VI-6A shows the averaged direction for the Bald Mountain area
in Oregon. The average age of two dated samples in the area is 121 m.y.
Figure VI-6B shows the average direction for eleven different localities
in eastern Oregon and western Idaho. 1I13 possibly could be eliminated to
make a more representative direction, but it was believed best to be
completely objective in this averaging step. The average age is 120 m.y.

Figure VI-7 shows the averaged direction for the eight samples in
northern Idaho described by Beck, et al (1972). Two localities are dated
49 and 42 m.y. and the rest are assumed also to be Eocene.

The map, Figure VI-4, shows northeasterly averaged directions in
north central Nevada and northeast Oregon and west central Idaho. The
map shows north-northwesterly paleomagnetic directions in northeast Nevada,
Montana and northern Idaho.

Map of Clockwise Rotation of Averaged Paleomagnetic Vectors for Intrusive
Granitic Rocks (Fig. VI-8)

The assumption is made that the amount of structural rotation between
two sites of about the same age is the angle between their paleomagnetic
directions. This should be true if a, local structure is accounted for; b,
if the earth's field was dipolar at the time of the intrusion; ¢, if

secular variation was averaged out and the geographic and magnetic poles
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A. BALD MT. AREA, GRANT AND BAKER CO., ORE.
SITES 03 07, 09.

O%e MEAN INC 62
. /37-03 MEAN DEC 30

: AVE LOC
© LAT 44.9
LON 118.6

B. WALLOWA MT. AREA, ORE., & W. IDAHO.
SITES 01, 02, 06, 010, 15, 110-14

‘.
128
: 06. :
> 02.-/3 MEAN INC 66
.5 . . /10 MEAN DEC 42
¢ < =E AVE LOC
Q1 ot I LAT 45.2
s 7 LON 117.1

FIG. X1-6 CRETACEOQUS AND JURASSIC INTRUSIVE ROCKS.
AVERAGE OF PALEOMAGNETIC DIRECTIONS.
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MEAN-INC 65
oT MEAN'DEC 42

& . AVE LOC
" LAT 46.4
LON 114.8

FI1G.MI-7 EOCENE INTRUSIVE ROCKS. AVERAGE
PALEOMAGNETIC DIRECTIONS, NORTHERN IDAHO
BATHOLITH, BECK ET AL (1972)
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were in approximate agreement; and d, if the magnetic direction
represents the field at the time the rock was formed. These are the
usual assumptions implicit in paleomagnetic work. In the present case
we are using reference directions computed from pole positions compared
to the average of several site directions. The X95° confidence calcula-
tion was not carried into the average site'directions. It is estimated
to be of the order of #20°.

The Cretaceous reference direction (N29.5°W) is drawn at each
average paleomagnetic position. An exception is the northern Idaho
Batholith with average age of 45.5 m.y. where the reference direction
used is Eocene (N-S).

The rotation of the average paleomagnetic vector from the reference
directions is shown as an arc and is plotted. (+) indicates clockwise
rotation.

The amount of rotation is contoured at 10° intervals. Although the
control is sparse, a northeasterly trend of strong rotation extends from
north central Nevada to the Blue Mountains and the west side of the Idaho
Batholith. This map suggests that at least part of the Idaho Batholith
has been rotated.

The maximum amount of average rotation is 82° in north central
Nevada. The amount of rotation is 40 at the northern Idaho Batholith
Eocene locality and at the Boulder Batholith is 0°.

The rotation in the most westerly localities of eastern Oregon is
60°. Therefore, the limit of strong rotation is defined to the north and

east of the area of interest but not to the southwest or west.
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Extrusive Volcanic Rocks

Appendix 4

As mentioned in Chapter IV, all of the volcanic cores were collected
by Chevron U.S.A. Inc. Dr. C. E. Helsley, then with the Institute of
Advanced Studies, University of Texas at Dallas, Texas, processed about
half of the cores on a consultant basis. I processed the other half.
Each extrusive site is identified in Appendix 4 as to whether it was
measured by Dr. Helsley or by me.

Appendix 4 shows the paleomagnetic results for all of the extrusive
volcanic sites in eastern Oregon and western Idaho.

The location, age, rock description, dip and strike, and paleo-
magnetic results for AF demagnetization are shown. The interpretation
of the significance of the site as to possible rotation is discussed in
the results section.

The interpreted most stable direction is invariably that for the
highest value AF demagnetization. The €95 radius of confidence is
usually less than 10° for the volcanic rock localities. Some points near
the edge of the Schmidt net may be erratic and related to weak fields
during a reversal (Watkins and Baksi, 1974). These points are marked
'C" to denote they have been culled from the data before the statistics
were computed. In addition, a few very erratic points were culled.

Some localities had only 4 or 5 samples. No Schmidt net display
is shown for these localities because so few samples would not average

out the secular variation. However, several of these localities were
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combined in a single average as will be discussed later.

Map of Paleomagnetic Directions for Tertiary Extrusives (Fig. VI-9)

Referring to Figure VI-9, the solid black circles show extrusive
localities measured by me. The open circles indicate those localities
measured by Dr. Helsley. Both sets of data are original in this thesis.

The paleomagnetic data by Larson (1965) for southern Oregon vol-
canics is indicated by squares. Also a square shows the average position
in north central Nevada of the Santa Rosa Mountain Miocene paleomagnetic
data by Larson, et al (1971).

Localities from Watkins and Baksi (1974) in Oregon, Washington, and
Idaho are indicated by "X".

Most of the declinations for the extrusive localities suggest a
north-northeasterly direction not significantly different from the
present field. However, several reversals are noted in many of the
extrusive localities which suggests that the magnetization is related
to original TRM rather than later alteration.

Some significant departures from the north-northeasterly trend are
noted. The two most northerly localities from Watkins and Baksi (1974)
which point north-northwesterly were intefpreted by them to suggest
oroclinal bending. Localities 28859 and 29881 just north of Boise, Idaho
point east-northeasterly. However, locality 28859 contains only four
samples which would not average out secular variation. Locality 29881

has 18 samples and the structural dip is 33° northwest. The X95 is 1809



RN EN AN ST R B GER N Ol in e W i - I

- CAMNADA

Np
N
N,
738
—— ' .
e __PLATEAU i e
59
ELKHORN VvOLC
UK (Pre 75my)
Honno (1967)
15 5m,




LTAS

16 my

14 my : . - A BANS A

CHIEFLY v 135m, |

. ,4,,'\_\ -l e - < ,,(" v «
2“53. “ \ Il/q N M v"‘ T v ! 00‘““ A A

!2989

70 ~ -~ i - ‘,\\c‘
- RIVER M
. : \
29850' " K S - N\ A

18,19 . ~
A6 my ~ RN bR -

|| 12,18,19 _Hydrotnermal . ~ ME -~
olte rFaT50, weak -~ Q\) -~

FIG. XI-9 PALEOMAGNETIC STUDY-NEVADA, OREGON AND IDAHO
PALEOMAGNETIC DIRECTIONS FOR TERTIARY EXTRUSIVES

i< s i N Y
) g N
) . ) Y v .
. - . < v
. 65/ . - 5 X~ .
: L\ ) TN
14 5my a3 7
29686 Lo N\ dmy { M “
29887 ' - (BIrsE \ .

9L




18,19 Hydrotrermol
alterE8™ 00, weak

W\ ; o a0 NBs A 1
,/\r\j.;4 (s> 1

N
&l

\
\)4)'(\3

9°

FIG. MI'9 PALEOMAGNETIC STUDY-NEVADA, OREGON AND IDAHO
PALEOMAGNETIC DIRECTIONS FOR TERTIARY EXTRUSIVES

65° INCLINATION
ARROW SHOWS DIRECTION OF NORTH SEEKING POLARITY

DOWNWARD R INDICATES NORTH SEEKING POLARITY
WAS UPWARD IN OPPOSITE DIRECTION.
AGE 15 5my
REFERENCE DIRECTIONS FOR LATITUDE AND LONGITUDE OF BALD MTN. BATH., OREGON
700 nc. N 655" INC 655 INC N 69 50InC.
{,05°] CRETACEOUS 100 MY EOCENE 53 MY 2=~ MIOCENE 16-10 My .4[5/' PRESENT

PALEOMAGNETIC DIRECTIONS DERIVED FROM VAN ALSTINE AND DE BOER (1978)L

INTRUSIVES EXTRUSIVES
tAGE SHOWN IF AVAILABLE AND BELIEVED RELIABLE) :
@ /GE DATED (MOSTLY L4T) AGE DATED (FROM LITERATURE) ® PALEOMAG BY W L B
PALEOMAG BY wWL B -~ PALEOMAG BY BECK. ETAL (1972) . ‘r INTRUSIVE
PALEOMAG BY HELSLEY ! ROCKS
"
[T

NO AGE DATE
‘ PALEOMAG BY BECK. ETAL (1972)

. PALEOMAG BY WATKINS
& BAKSI 11974)

PALEOMAG BY LARSON (1965) i | QUATERNARY
OR LARSON ETAL (1971) L l VOLCANICS
hY

NO AGE DATE
PALEOMAG BY wL B

20 30 40 50 MILES
4

SCALE O 10
{ . i Pl

WL BASHAM

v

.

¢

na2e

73

GEOLOGY FROM A.AP.G. TECTONIC MAP,
COHEE. ET AL (1962)

TERTIARY
RHYOLITE
& BASALT

ATE TERTIARY
QUATERNARY
LEY FILL

<omr

AL |

MARCH 1978



77

for 300 oe, which is considerable scatter as compared to most other
localities. Perhaps complex folding or secondary alteration or both
may explain the unusual paleomagnetic direction. 1In addition, two
localities southwest of Boise in the Owyhee Mountains show west-north-
west directions. Locality 29888 has 15 samples and the structural dip
is only 5°. The 95 is 17°. Whether secondary alteration is responsi-
ble, the number of samples is insufficient, or whether counterclockwise
rotation has occurred is not known. Locality 29890 has 27 samples, all
reversed magnetically. The structural dip is 30°. Perhaps either
complex folding or counterclockwise rotation is the best explanation

here.

Map of Averaged Paleomagnetic Directions for Volcanic Rocks (Fig. VI-1Q)

Although the extrusive volcanic rock paleomagnetic directions
(Figure VI-9) are considerably more regular than those for the older
intrusive igneous rocks (Figure VI-3), it was considered worthwhile to
also average the volcanic paleomagnetic directions areally (Figure VI-10).

Figure VI-11A shows the stereonet plot of sites in southeastern
Oregon plus the Santa Rosa Mountains site described by Larson et al (1971).
This average direction is plotted on Figure VI-10 on the Oregon-Nevada
state line. Figure VI-11 shows the average and Schmidt net plot for 12
directions described by Larson (1965) in southeast Oregon. The only

dating is locality 28840 which averages 15.75 m.y.
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A. MALHEUR AND HARNEY CO., ORE. HUMBOLDT CO.NEV.
EXTRUSIVE SITES 28839, 28840, LARSON ET AL (1971).
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FIGFE -11 MIOCENE VOLCANIC ROCKS AVERAGE OF
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A. HARNEY CO., ORE. EXTRUSIVE SITES 29859-29866,
29868, 29873, 29876, 29877
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A. MALHEUR CO., ORE. EXTRUSIVE SITES 29878,
29886, 29887, WATKINS
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B. BOISE CO., IDAHO EXTRUSIVE SITES 28857-28860,
29881, 29882, 29885
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FIG. ¥I-13 MIOCENE VOLCANIC ROCKS
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Localities 29874 and 29875 west of Harney Basin in Oregon are
simply averaged. No age is known but the volcanics are described as
Pliocene by Walker, et al (1967).

Ten sites north of Harney Basin, Oregon are shown averaged in
Figure VI-12A. The average age of dated samples is 9 m.y. Several
much older dates (Eocene to Oligocene) were discarded because of
regional mapping by Walker. Figure VI-12B shows three Owyhee County,
Idaho sites, two of which have anomalous west-northwesterly declinations.

Figure VI-13A shows the average four sites in good agreement in
east central Oregon near the Idaho border. The average age is about
14 m.y. Figure VI-13B shows the average of seven sites in western
Idaho. These sites show the strongest suggestion of rotation (about
39°) of any of the volcanic averages. The average age is 21 m.y.;
this may be too old because of two 30 m.y. ages.

Two pairs of paleodirections by Watkins and Baksi were averaged
near the Oregon-Washington~Idaho border. .

Map of Clockwise Rotation of Averaged Paleomagnetic Vectors for Volcanic
Rocks (Fig. VI-14)

The reference direction (NZOW) is plotted at each average paleo-
magnetic vector. The rotation of each average vector is shown as an arc.
(9 shows clockwise and (-) denotes counterclockwise rotation. The 95
scatter probably is less than 10° except for the high rotation vector
(39°) west of the Idaho Batholith where theX95 may be *20°.

Figure VI-14 should show the amount of rotation since Miocene

(oldest reliable age about 20 m.y.). The contoured map suggests an
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east-west pattern of maximum rotation which may terminate east of the
Idaho Batholith. The only point suggesting termination is the "0"
value of the Elkhorn Volcanics near the Boulder Batholith.

Pre-Miocene Rotation of Intrusives
Figure VI-15

Figure VI-15 was constructed by subtracting Figure VI-14 from
Figure VI-8. Figure VI-15 should show the amount of rotation of intru-
sive rocks that occurred in Pre-Miocene time. TheX95 confidence limits
are estimated to be of the order of *25°.

The locus of strong deformation in Figure VI-15 remains similar in
position to that shown in the total rotation map of intrusives, Figure
VI-8. The amount is of course decreased by the post-Miocene rotation.
The contours between the Idaho and Boulder Batholiths are questionable
because of lack of control.

The exact time of rotation suggested by Figure VI-15 cannot be
stated precisely. The youngest intrusive locality suggesting clockwise
rotation is one by Beck, et al (1972) dated 42 m.y. This is a single
locality, however, and Eocene localities 50 miles northwest show counter-
clockwise rotation. Whether this area represents the apex of bending
or that the divergence represents local structural disturbance cannot
be determined from the present data. The observation of 50° to 70°
clockwise rotation in Eocene rocks in the Oregon Coast Range (Simpson
and Cox, 1977) suggests the possibility of Late or Post-Eocene rotation
in the present area if coastal Oregon and eastern Oregon were linked by

the same deformation. The next youngest intrusive locality suggesting
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rotation is I3, 67 m.y., in the southwest portion of the Idaho Batholith.
Thus the time of strong rotation is suggested to be from Early Paleocene
or Eocene to Middle Miocene. Of course, the Miocene rocks also show
post-Miocene rotation, possibly up to 39° (Figure VI-14).

In hindsight, paleomagnetic samples from the Eocene Challis volcanics
on the east side of the Idaho Batholith would be very useful to deter-

mine the amount and timing of the proposed rotation.



CHAPTER VII
INTERPRETATION OF PALEOMAGNETIC DATA

Ideas on the origin of the Columbia Arc were discussed in Chapter I.
Two reconstructions of pre-Middle Tertiary were shown, those by Hamilton
(1969) and Heptonstall (1977). These reconstructions will be compared to
the paleomagnetic results as a basis of geologic interpretation.

Interpretation by Hamilton (1969)

Figure VII-1 shows a portion of Hamilton's interpretation of present
distribution of the Cretaceous batholiths and Ordovician to Jurassic eugeo-
synclinal rocks. He believed that the north end of the Sierra Nevada and
the Klamath Mountains may be truncated against new volcanic crust.

The average paleomagnetic directions from Figure VI-4 are plotted on
map VII-1. 1In addition, the paleomagnetic direction from Symons (1973)
on Vancouver Island, the coastal Oregon Eocene directions from Simpson and
Cox (1977), and a northern Sierra Nevada direction from Gromme, et al (1967)
are shown on the map. An estimate of rotation can be made by comparison
of the paleomagnetic directions. The Eocene and Oligocene averaged direc-
tions are identified; the remaining directions are Jurassic and Cretaceous.

Figure VII-2 shows Hamilton's interpretation of the western United
States at the end of Cretaceous time. The indicated movements as shown
by arrows in Figure VII-1 were reversed by Hamilton to produce this map.

The paleomagnetic directions in Figure VII-2 were rotated in accordance
to Hamilton's reconstruction. If his ideas of reconstruction are correct,

the resultant scatter of paleodirections should be considerably reduced
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from the pre-reconstruction map. The resultant Jurassic and Cretaceous
cirections should be approximately perpendicular to the 45° paleolatitude
line and the Eocene paleomagnetic directions should be approximately
north.

Northeastern Nevada, the Boulder Batholith, the northern Idaho
Batholith, and the Sierra Nevada Mountains were not rotated in the recon-
struction. Those paleomagnetic directions are approximately perpendicular
to the 45° paleolatitude, and the Eocene direction shows no rotation.

The northeast Oregon paleomagnetic directions show remarkably good
agreement with the reconstruction. This suggests that the Blue Mountains
have indeed been rotated in the manner suggested by Hamilton.

There are two areas of serious disagreement with the reconstruction.
(1) Northwest Nevada block. The northwest Nevada block was not rotated
in Hamilton's reconstruction. If the northwest Nevada block were rotated
in the past the same amount as the northeast Oregon block, the paleodirection
would be about normal to the paleolatitude. This suggests that northwest
Nevada and northeast Oregon behaved similarly in the post Cretaceous
rotation. (2) Area north of the Klamath Mountains. The Eocene directions
from Simpson and Cox (1977) were moved easterly with the Klamath block.
These directions suggest up to 68° of clockwise rotation. Hamilton's recon-
struction does not accommodate this rotation.

The Gromme, et al (1967) direction in the northern Sierra Nevada
Batholith may suggest about 15° of counterclockwise rotation. This could be

related to the Basin and Range expansion as will be discussed later.
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Hamilton did not attempt reconstruction of the Cenozoic motion in
British Columbia or Washington. Symons (1973) shows that the southern
Vancouver Island block probably has rotated counterclockwise about 20o

since Oligocene. Judging from his paleomagnetic direction, the rotation

probably is closer to 300.

Interpretation by Heptonstall (1977)

Figure I-10 shows Heptonstall's concept of linked plates which
remain coupled to adjacent large plates. Figure VII-3 shows a portion
of his map displaying present structure. The same averaged paleomagnetic
vectors that were discussed in the previous section are plotted on Figure
VII-3. They are lettered for identification. It is observed that vectors
"0" and "N" differ markedly from directions to the northwest and are
located south of the chosen boundary.

Figure VII-4 is the restored structure with the paleomagnetic
directions rotated in accordance with the reconstruction. The "Washington
Plate" was rotated 30° CW (clockwise), the "Oregon Plate" 80° CCW, and the
"American Plate" 14° CCW to achieve an approximate linearity of Mesozoic
intrusives.

The Vancouver paleomagnetic vector A is perfectly aligned to the
Eocene reference direction. Vectors B, C, and D from coastal Oregon point
NNW'ly which suggests they have been rotated at least 25° too much. Paleo-
direction E is now 25° more westerly than the Cretaceous reference direction
which may suggest that the "American Block" should have been rotated the

opposite direction (CW instead of CCW).
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The north central Nevada, Blue Mountain, and Idaho Batholith vectors
(F, G, I, and J) show reasonably good agreement with the Cretaceous refer-
ence direction. K is rotated about 35° too far and may be in the complex
hinge area.

Vector H (near the Boulder Batholith) does not now agree with the
Cretaceous direction; it was noted on maps V1-8 to have zero rotation.
This suggests the boundary of the '"Washington Plate" should be modified.
Likewise, vectors H and M have been rotated clockwise out of alignment
with their reference direction; the Washington Plate boundaries could
be adjusted.

Heptonstall's idea is a variation of Carey's orocline hypothésis.

In general it appears to have possibilities of reconciling the paleomag-
netic data and Mesozoic intrusive distribution if the plate boundaries
and rotations were modified.

Comparison of Columbia River Basalt

Dike Orientations to Volcanic Rock
Paleomagnetic Directions (Figure VII-5)

Taubeneck (1969) presented dike orientation data for dikes cutting
the Columbia River Basalt; this data is displayed in Figure VII-5 and
shows at each locality the average dike direction and the range of
directions. A minimum of 2 and a maximum of 31 measurements were made
for each dike locality presented. The average dike direction is about
N10°W. Taubeneck believes that the dike trends are sufficiently long

and straight to rule out post-Miocene oroclinal bending.
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Paleomagnetic data for volcanic rocks are also presented in Figure
VII-5. The average paleomagnetic direction is about N20°E. The paleo-
magnetic vectors appear more dispersive than the dikes. Westerly
deviations from this trend occur in two localities in the Owyhee Mountains
south of the Snake River Plains. This is an area of intense hydrothermal
alteration of the granites; this alteration may be present also in the
overlying volcanics. Locality 29888 has an unusually large®X95 (17°) for
volcanics. Locality 29890 has an unusually steep inclination (81.4°).

The southwest Idaho Batholith shows at least one aberrant strong north-
easterly trend (Locality 29881) with high (18°)(X95, The dip is fairly
steep (330) and may not have been correctly accounted for. The northeasterly
trend may swing to northwest just south of the Trans-TIdaho discontinuity.

The northerly change is from about N11°E to N12°W or about 23°.

It is noted that the dike directions may swing northwesterly in this
area. The change in direction is from about N8°W to N25°, or a change of
about 17°. Thus with the data at hand, I do not believe that a change in
direction can be ruled out in this area. The paleomagnetic data suggest
that a varying amount of rotation may be present (see Figure VI-14).

Two recent papers bear on this possible Miocene or post-Miocene rotation.
Choiniere (1977) states that the average mean paleomagnetic declination of
48 flows of the Columbia River Basalt Group of southeast Washington show an
average paleomagnetic direction of slightly west of north. This could very
well be consistent with the paleomagnetic data from Watkins and Baksi (1974)
as shown in Figure VI-1l4 in west central Idaho, approximately 46.5°N, 117°W.
This area is north of the proposed Miocene rotation. On the other hand,

the paper by Kienle, et al (1978) suggests that the western Oregon and
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western Washington Miocene NRM is virtually identical to the present
field direction. The present author believes the evidence favors minor
rotation of about 20° in eastern Oregon which decreases to 0 rotation
in southeast Washington.

Great Basin Expansion As Possible
Cause for Post-Miocene Rotation

Proffett (1977) suggested possible Great Basin Expansion of 160 to
180 km. If this much expansion occurred, northerly termination of
expansion might produce as much as 13° if the decrease were linear as
shown in Figure VII-6. If the decrease were more localized, much greater
angles of rotation would be possible.

The paleomagnetic data suggests greater than 20° of rotation in
southeast Oregon as shown in Figures VI-14 and VII-6. The interpretation
is complicated since right lateral faults may help terminate the Great
Basin expansion northerly (Lawrence, 1976).

Similarly, southerly termination of expansion has been proposed along
the left lateral Garlock Fault system. Possible paleomagnetic evidence
of CCW rotation of the Sierra Nevada Mountains was mentioned previously.
This rotation would be compatible with the idea of maximum east-west
expansion through Central Nevada.

Possible Explanation of
Oroclinal Folding

Figure VII-7 shows Carey's (1976) recent explanation of the formation
of the Columbia Arc. He states that A shows the prevailing shear, B shows

simple offset, and C shows shear failure due to friction. A less brittle
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Figure VII-6. Possible relationship of Basin and Range expansion
to post-Miocene paleomagnetic rotation. HModified from Wright (1976).
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belt such as an active orogenic belt associated with intrusives and
extrusives might stretch rather than fracture as in D. This situation
is thought to have existed at least in the area of the Idaho Batholith
in Eocene (see Figure I1-6). Figure E shows Carey's concept of the
Columbia Arc. In G, transcurrent shears take up the movement. Carey
believes both E and G apply to western North America. This appears
reasonable to the author.

Regional Comparison of Geologic Trends
of the Columbia Arc to the Paleomagnetic Data

The Columbia Arc is shown in Figure VII-8 by the general shape of
the Cretaceous and older rocks.

Averaged paleomagnetic directions from this thesis and also from the
literature are shown. These are the same directions that were discussed
in connection with the interpretations by Hamilton and Heptonstall. The
amount of rotation can be estimated by comparing the paleomagnetic
direction to the proper reference direction.

The rotation suggested by the averaged paleomagnetic directions in
general parallels that suggested by the geological trends in the Klamath
Mountains, northwestern Nevada, northeast Oregon, western Idaho, and
Washington. The paleomagnetic data thus suggests that the Columbia Arc
is compatible with the Orocline concept.

Simpson and Cox (1977) show that the bending in western Oregon is
post-Eocene, probably Oligocene in age. 1In the eastern portion of the
Columbia Arc, the timing of the strong bending at present only can be

bracketed as post-Cretaceous - pre-Middle Miocene in age.
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CHAPTER VIII
CONCLUSIONS

A literature survey of the Cordilleran geologic history was useful

in understanding that plate tectonics were important in the

Cordilleran history from Precambrian to Recent time. Pre-Tertiary
paleogeographic maps are difficult to construct because of the
probability of major sea floor spreading movement, complex continental
block to sea floor plate interactions, and intracontinental deformation.
Literature study showed that the origin of the Columbia Arc is contro-
versial. One group of geologists believes that the arcuate pattern

is a primary feature inherited from the Precambrian or that at least

it is pre-Tertiary. Another group proposes post-Cretaceous movements
that produced the arcuate pattern.

Paleomagnetic study of the pre-Tertiary igneous intrusives in eastern
Oregon, western Idaho, and northern Nevada to determine possible confir-
mation of proposed large—scale rotation was complicated by reliability
of the paleomagnetic results. Nine of thirty-four sites had to be
rejected after A.C. and thermal demagnetization tests because of scatter
and instability.

The remaining intrusive localities show considerable scatter but suggest
a general northeasterly trend. Combination of sites produced averaged
directions that are beilieved to be useful. Compar.son to a Cretaceous
reference direction from the stable part of the American continent
allowed computation of rotation. A contour map shows a southwesterly

trend of increasing rotation in southeastern Oregon.
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Paleomagnetic data from extrusive volcanic cores largely Miocene

in southeastern Idaho show less scatter than the older intrusive
rocks. A. C. demagnetization appeared sufficient in most cases to
reach a stable magnetic direction. Averaging of extrusive sites,
including those from the literature, reduced scatter. A Miocene .
reference direction allowed contouring of rotation which suggests

an east-west zone of rotation of more than 20° which terminates

east of the Idaho Batholith.

A difference map of Ry-Ry where Ry is the paleomagnetic vector
rotation for intrusive sites and Ry is the paleomagnetic rotation
from extrusive sites suggests that up fo 70° rotation occurred

in post-Cretaceous to pre-Miocene time.

Hamilton's interpretation that Cenozoic movements separated the
pre~Tertiary structural elements of the western Cordillera into the
present complex distribution was tested by paleomagnetic directions
from this thesis and the literature. Clockwise rotation of the Blue
Mountains in Oregon appears to be confirmed but several other proposed
movements are contradicted by the paleomagnetic data.

Heptonstall's linked plate oroclinal construction reconciles more of
the paleomagnetic data to the geology than does Hamilton's interpreta-
tion. However, different selections of plate boundaries and different
rotations are suggested by some of the paleomagnetic data.

Comparison of Columbia River Basalt dike orientation to the volcanic
rock paleomagnetic directions shows some suggestion of correlation.

Additional data in adjoining areas would be helpful.
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It is suggested that the post-Miocene clockwise rotation of 20°

or more shown by paleomagnetics in southeast Oregon is related to
northerly cessation of the Great Basin expansion.

Intense heating occurred in the Idaho Batholith area during Eocene.
Contempory development of Eocene foreland structures in the Rocky
Mountain area, the east-west pattern of volcanics in Nevada, the
intense heating in Idaho, possible presence of a triple rise
junction off the Pacific Northwest, and the possible oroclinal bending
of the Columbia Arc may all be related responses to plate tectonic
interaction between the North American plate and several oceanic
plates to the west.

The regional paleomagnetic data suggests that the Columbia Arc is

compatible with the orocline concept. The time of major bending in

northeast Oregon, western Idaho, and northwest Nevada is post—Cretaceous -

pre-Middle Miocene.
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APPENDIX 1

Intrusive Igneous Sample Localities From Nevada. See Chapter VI for

general discussion of intrusive locality information.
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SAMPLE LOCALITY N1: Santa Ross Mt., Humboldt Co., Nevada. Paradise Valley Quadrangle, T42N RIBE, Singus Creek, 41°29,3'N,, 117°38,75'W,
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SAMPLE LOCALITY N2: Bilk Creek Mr., Humbolt Co., New:

.
.
-
.
-
.
.
.
.
.
.
.
-
.
.
-
-
.
-
-
.
.
.
. . . - .
-
.
.
.
.
-
. o
.
.
.
.
.
-
.
.
.
.
.
-
.
-
.
.
30 Oe.
fireenton

bictite

Constderabiv alterattien of feldspar te -lav.

AVERIYING STRUCTLRE: Veleaates prebably correlative to Steeny My

TALEVMAGNETIC RESULTS:

A
nC.
(TEG.) % 4
i3 % ] 2404 L) .9
50 0e. ALC, 1.3 Jela 8 b
G de. ALC, T3 2.7 9 7.0
000 Thera. en Neaticy.

teliable, but no
any sther locaiitios n area.

B, Safth eral et

.
.
T e
-
.
. .
.
-
.
.
. -

, dirping 1875w,

VIRTUAL
pOpE

LAT.

. Trident Peak Nuadrangle, SWANFY Sec. 23, T<68 R3IIF, 41951.2'N., 118°28.3'W.

»
Leucogranedlorite, coarse grained Stetite and horsblende apparent under bard lens.  Darv =inerals estimated 5% of rocks.

WORMAL
PFVEESE
¥I¥FD

resales conld be ebtataed, directien of

23.0%

mgnetization net

N (Displav)

N

confirmwd by



Bilk Creek Mt., Humboldt Co., Nevada.
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SAMPLE LOCALITY NS: ine Fon;_sx Range. Humboldt County, Nevada. Dentfo Quadrangle, SE'.SW: Section 30, T4AN RIOF, 41949.8°'N, 118%:0.3"w.
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Sty
roespect
north=scohin

t divnlav, direction of mapecctization aftor
rress ot anrth=socking

north-secking polarity downward and upward,
» tip of arrow demotes positien of nmean
deleted from final statistics.

OO

feld directien in eastecentral Oregon
heseching puintsy C denotes culled or rejected points

ats or reflectod s

AGE:  93.62 1.5 my. (I-1/2 miles southsest of sample 5YU=PF-1, lMarrold /1973/).

ROCK DESCRIPTION: Leucogranvdiorite, extensivelv weathered. lLight grav, about 8% biotite and horablende 1-4 mm in size. Blotitized hornblende
or pyroxene crystals up te 153 mm long.

OVERLY

STRUCTURE: Volcanics 1-1/2 miles west are north-south with 4390, dip.  This structural correction was applied to N5,

PALEOMAGNETIC RESULTS:

LA, VIRTVAL
ALPHA 95 POLF
TREATME s H (ore.) Tone,
LR 4 5.0 4.8 u. 1 80. 1% 124,56 N
50 Q¢. ALC. ai.7 2.2 [ 5.4 6.8 7.7 h2.8% 176,89 b
100 e. A.C.  85.7 .2 " 5.7 15.% 7.5 83.2% 941w N (Displav)

400°C. Therm.  Samples crumbled.

RESULTS:  About 34° clockwise rotatton is supgusted since Y4 mov.bop.  These results are
condition of rocks and the steep west dip correction apnifed.

ewhat questionable {n view of weathered
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Schaide sterconet display, direction of magnetfzation after 400° C. therm. dcmg... » north-secking polarity downward and upward,
respectively; + present north-sceking geomagnetic field directlon in east-central Oregln; , tip of arrow denotes position of mean
north-seeking sazple points or reflected south-secking points; C denotes culled or relected points deleted from final staristics.

AGE: 92.4 ¢1.3 m.y. (Sample #Y1-P-2, Harrold /19727).

ROCK DESCRIPTION: Dark grey diorite porphry. Rounded, resorbed feldspar crystals up to 8 tm. in size set in finer ground mass of
feldspar and biotite. Diorite is fntrusive into steeply dipping metasomatized quartzite. Biotite schist and
gneiss were observed five miles to east,

OVERLYING STRUCTURE: Basalt ridge 3000' west of diorite outcrop, X5°E dipping 15%.

PALEOMAGNETIC RESULIS:

TREATIENT

N.R.M,

50 Qe.

A.C.

100 Oe. A.C.

200 Oe. A.C.

100°c.
400%.
500°C.

580°C.

Thern,
Therm.
Thers.

Therm.

MEAN
INC.
(DEG.)

41.3
57.1
58.7

50.7

MEAN
DEC.
(DEG. )
40.9
45.5

38.0

PRECISION VIRTUAL VIRTUAL NORMAL
FACTOR ALPHA 95 POLE POLE REVERSE
() (DEG.) LAT. LONG. MIXED
4.4 41.2 S1.6N 13.4W N
6.1 29.0 55.28 37,1 N
3.7 40.6 61.3N 36.4W N
2.5 54.6° 346N 42.1W N
5.2 32.7 39.2% 21w M
10.9 2.3 26.2N8 39.6wW N (Display)

5.8 30.4 36.5N 30.2% N
1.8 73.9 66.6N 50. 8w N

o
RESULTS: 400 thermal demag. gives the most reliable results. Approximately 106° C.W. rotation s suggested since 92 m.y.b.p.



SAMPLE LOCALITY N7: 1.8 miles north of Contact, Elko County, Nevada. TI2N R64F, 41%47.5'%, 116%44.6"W.
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Schmidt stereonet display, directicn of magnetizatica after 400%C. therm. du.-.u-.. , north=-seeking polarity devnward and upward,
respectively; A, pPresent north-secking geomagnetic field direction fn ecast-central Orepdng . tip of arrow denotes pesition of mean

noreh=secking sa=ple paints or reflected south-secking points; € derotes culled or refected points Jdeleted frem final staristics.

AGE: 140 25 m.y. (Sample L-1040, from hormblende, McDowell /19707).

ROCK DESCRIPTION: Grey, fresh, unweathered coarsc gralned granodiorfre, Plagfoclase crvstals up to 12 em. in size. Dark ninerals
(biotite and hornblende) about 107 of rock.

OVERLYING STRUCTURE: Volcanics less than S° dfp.

PALEOMAGNETIC RESULTS: °

MEAN MEAN PRECISION VIRTVAL VIRTUAL NORMAL

INC. DEC. FACTUR ALDIA 95 POLE POLE RFVERSE,
TREATMENT (DEG.) (DEC.) N R - (OEC.) 1AT. 0%, MUED
N.R.M. 58.0 108.9 10 5.8 2.8 35.3 13.2% 65. 5% §
50 Oe. A.C. 21.0 112.7 a “.8 1.8 53.0 19.08 130, 8F R
100 Ou. A.C. £2.6 121.5 7 2.2 1.3 1y 28,08 178 7E R
100°%C. Therz. 0.0 338.6 8 7.5 1.0 15.4 73.9% 159.3F R (Dtsplav)
500°C. Therm. 7.0 341.8 7 4t 23 52.h 7108 14548 R
SEO°C. Thera. Scattered - Weak = Unreltable

RESLLIS: Sazple lecality chosen 2.8 miles north of Mciowell's age determinatfcon because rock was not as weathered. 200°C, chosen as
best indicator of paleomagnetic direction. Onlv abaut 107 of roratfon fa sugrested. Reverse magnetism i< unusnal n
Cretacecus rocks (Larson, Pers. Comm.). ’
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SAMPLE LOCALITY X8: Silver Zone Pass, Toana Range, Elko Countv, Nevada. T2N RA8E, 40954.7'N, 114018.7'W.
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Schmidt stereonet displav, dircection of magnetization after Loooc, therm. dr:r‘.'lg...' » north-seeking polarity dewnward and upward,
respectively; A, present north-secking geomagnettc ficld directten in cast-central Ore . tip of arrow denotes position of mean
north-seexing sample points or reflected south-seeking 53 € denotes culled or retected roints deleted from finmal statistfcs,

AGE: 124 25 m.y. (Sazple L-1042, from biotite, McDoweli /_'1-96_6-/).

ROCK DESCRIPTION: Grey vquigranular granite with about 10" hiortte and hornblende.

VMany dark inclusions present which were also sampled.
. Inclustons have about 50% biotite and hornblende.

OVERLYING STRUCTURE: Tertiary Humbold: Formatien with gentle dips crops out two miles to wese.

PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
e, DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) % R (K) (PEG.) LAT. LONG. MIXED
N.R.M. 60.6 5.2 10 9.8 3.1 8.2 86,0% 16,38 N
50 Oe. A.C. 8.5 2.1 8 7.8 4.7 8.8 R7.7N 21,58 N
100 Oe. A.C. 51.6 354.6 8 1.5 13.0 14.0 85.15 £5.8E N
460°c. Thersm. 60.5 4.6 6 5.k 11.9 0.3 86.5% 35.9% N (Display)
500°C. Therm. 82.0 108.6 [ s 1.5 a2.9 25,08 a6. 19 5
580°C. Thera. $3.0 8.8 3 3.6 6.8 8 2 49.5% §
RESULTS: 4009C. thermal demag. chosen as possibly the most reliable results. About 357 rotazien sugeested since 124 m.v.b.p. The 5009

and 580° heating recults suggest considerably more rotaticn, so sore uncertainty is preseat for this locatien.
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APPENDIX 2

Intrusive Igneous Sample Localities From Idaho




SAMPLE LOCALITY fl: Owyhee Mt., Owyhee County, ldaho. T6S RIE, 42°50.0'N, 116919.7'w.

AGE: Cretaceous on ldsho State Geologic Map.
ROCK DESCRIPTION: Fine-gratned, schistose weathered granite.

OVERLYING STRUCTURE: Part of three township-sized outlier of granite surrounded by Tertiary volcanics.

RESULTS: Magnetization very weak (10-8 e.s.u./cc.), directions scattered. Possiblvy altered bv hydrothermal action from volcanics. %o
useful resules.

SAMPLE LOCALITY 12: Owvhee Mt., Owvhee Countv, Idaho. T6S RIE, 42952.9'N, 116°22.5'w,

AGE: Cretaceous on ldsho State Geologic Map.
ROCX DESCRIPTION: Coarse-grained, white, weathered granite.

OVERLYING STRUCTURE: Part of three township-sized outlier of granite surrounded by Tertiary volcanics. Intrusive into black biotite schist with
schistosity of NS5°E and dip of 330SE,

RESULTS: Magnettization very weak (1078 e.m.u./cc.), directions scattered. No useful results.



SAMPLE LOCALLTY 13:

Schaldr wte
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v prescal aerth-socking geen

Haorseshoe Bend, Botse County, Idaha.
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T6X R2E, %3953.0°N, 116°10.5'W.
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aact displav, direction of magnetization after 4000 C. thera. lf('l‘dk’.-.,
gaeric ficld direction in east-central Oregong
sample points or reflected scuth-sceeking points; € denotes culled or relected points deleted from final statistics.
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AGE: Eight miles vast of YU-WT 242, 64 :2 2.y, and nine miles northeast of YU-WT 236, 69 22 m.v., Armstrong (1975).

ROCK _DESCRIPTION:

OVERLYING STRUCTURE:

539 east.

Porphyritic biotite granodiorite with feldspar crvscals up to 10 x 30 .
Tremendous fresh outcerops exposed fa canvon.

Volganics strike $51°, dipping 33° northwest 4 miles to southeast (localiey #29881).

PALEOMAGNETIC RESULTS:

MEAN MEAN

INC. DEC.
TREATMENT ADEG.) {DEG.) by
NORLML 43.8 336.2 7
50 Ce. A.C. 40.5 17.8 7
100 Qe. A.C. 43.4 21.8 7
%00°C. Therm. 69.2 55.% 7
500°C. Thers. 29.9 e 7
580°C. Thernm. 53.2 341.9 7

RESULTS: About 85°

rotation suggested since 67 z=.v.h.p.

{5 tao far away to be used here.

north-seexing polarity downward and upward,
. tip of arrow denotes position of mean

Prominent system of joints NBOOW, dipping

TRECiSION VIRTUAL VIRTUAL NORMAL
FACTOR ALPHA 95 POLE POLE REVFRSE
R ) (NEC.) TAT. LONG. MIXED
6.0 5.8 27.3 TLLN I6.5% %
5.6 L2 3.4 Al &Y 22,8 bt
6.5 11.7 18.4 £0.4% 73.5% N
A.3 9.1 211 4465 27.8W N (Display)
4.5 2.9 L9.4 22.8% 26.9% b
2.4 1.3 104.0 72078 124.1€ ]

This z=av be excessive;

it mav-be that the structural attitude of

the volcanic
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SAMPLE LOCALITY [4: West edge of Idaho Batholith, Lirtle Paverre Lake, Valley Co., Idaho. Wk Cor. 1, TIAN R3IE, 44954.9'N, 11671.0'w.
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Schmidt stereonet display, direction of magnetization after 500% Therm. dc:.u... » north-secking polaritv downward and upward,
respectively; , present north-sceking geomagnuetic field direction in cast-ceatral Oreglin: . tip of arrow denotes position of mean
norrhesecking sample points or reflected south-secking poines; € denotes culled or rejected points deloted from final statistics.

AGE: 77 22.5 m.y., biotite (Sample L-1028, McDewell /:1_965‘7). There s some fuestion whether this is original intrusive age or is
related to reheating, McDowell and Fulp (1969).

ROCK DESCRIPTI Light grey, fresh medium-grained granite. Blotite a*out 2% of rvock.
UVERLYING STRUCTURE: Volcanics gently folded six miles to west.

PALEOMAGNETIC RESLLTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLF POLE REVERSE
TREATMENT {DEG.) (DES.) 5 R ) (DER.) 1AT, LONG, MTXED,
N.R.M 9.6 62.6 8 4.8 2.2 50.4 LAY 4 7E b
50 Oe. A.C. 14.8 47,0 8 4.5 2.0 53.8 PANS 1) 1.98 M
100 Ge. A.C. 16.0 26.2 8 3.7 1.6 68.2 46,98 2. M
400°C Therm. 10.3 38.9 8 7.4 10.8 17.7 46,70 3.6E X
500°C. Thera. 37.2 31 8 7.3 10.0 18.4 54.8% 7.0F N (Di.play)
580°C. Thera. Scattered directions.

RESULTS: Thermal heating apparently produces a stable paleomagnetic directlon whereas A.C. does not. 5000 thermal results are
displayed. If this {s true paleomagnetic direction, a rotatton of 69° is supgested for this portion of the Idaho
batholith since Late Cretaceous time.



SAMPLE LOCALITY I5: Deep Creek Stock, Seven Bevlls Mountains, Adams County, Idaho. NW& Sectiom 13, T2IN R3W, 4599.6'N., 116°39.2'W,
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Schaidt stereonet display, direction of magretization after 50 Oe. A.C.  de _ls-.. . north-secking polarity downward and upward

respectively: AN, present north-sevking geomupnetic ficld Jdirection fn cast

north-sccking sample points or reflected south=-secking

. tip of arrow denotes positicn of =«
3 € denetes culled or rejected points Jdeleted from final statisties.

AGE: 121 =.y., biorite; 127 m.v., hornblende (White, 1973).

ROCK DESCRIPTION: Light grey quartz hornhlende diorite. Three {nclusions alse measured., Inclusions are fine grained and are about
50 horablende.

OVERLYING STRUCTURE: Deep Creek steock, Intruded into Permo-Triassic Seven Devils Volranics.
crops out three miles south.
PALEOMAGNETIC RESLLTS:

tverlving Columbia River basalt gently folded,

MEAN MEAN PRECISION VIRTUAL VIRTUAL . NORMAL
INC. DEC. FACTOR ALPHA 95 POLF POLE REVERSE
TREATMENT DEG.) (DEG.) % ] [(3) (DEC.) 1AT. LONG. MIXED
NOROM. 0.0 100.6 e 8.2 9.5 17.6 8.9% 50. 1% »
50 Oe. A.C. 4.2 104.0 9 8.0 8.5 18.7 53.00 ¥ (Display)
100 Oe. A.C. 50.0 106.9 8 6.5 L3 29.3 59.9% b
400°C. Therm. 47.9 102.1 $ 1.0 a0 29.¢ 12,85 - 55.5% b
500°C. Therz. 30.1 118.7 9 2.0 1.6 65.0 31.5% 144,58 b
580°C. Thera. 47.8 107.6 8 6.6 3.2 27.0 9.0% 59.0% M

RESULTS: Three of the samples have 1075 e.zau.fcc. or stronger magnetizatton after SE0°C. thermal treatment which suggests presence
of hematite. Samples are half nermel and half reversed polarits. This is difficult te explain for an Intrusive rock unless
a self-reversing process is preseat. Since beth A.C. and heating give simflar resules, 50 0.e. A.C. is displayed because
it vields goed K and alpha 95. 134294 rotation suggested since 121 =.v.b.p.
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SAMPLE LOCALITY 17: Clearwvater River, 3.5 miles northwest of Kamiah, Lewis County, Idaho. NEkSER Section 28, TI&N R3E, Woodland
Quadrangle, 46°15.4'N, 116°%4.5'W.
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Schmidt stereonet display, direction of magnetization after 580" C. therm. dcuﬂg.g , north-seeking polarity downward and upward,

B e =5 g e » in east-centra rvegon; , tip of arrov denotes position of mean
respectively; , present north-sceking gromagnetic field directien
nor:h-sucklnge.mplc points or reflected scuth-secking potnts; C denotes culled or rejected points deleted from final statistics.

AGE: Biotite 115+ 3 am.y., hornblende 1242 4 a.y., sample #L-1027, McDowell (1966).

ROCK DESCRIPTION: Tonalite, gneissic, dark mineral mostly biotite. Some fine-grained dark iInclusions and dikes or remmants of countrty rock.
Granitic and aplitic dikes present.

OVERLYING STRUCTURE: Columbia River volcanics on ridges gently folded. GCneissic and schistose structure is ¥30° to 35°E, very steep.

PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLF POLE REVERSE
TREATMENT (DEG.) {DEG.) b R (x) (DEG.) LAT. LONG. MIXED
N.R.M. 76.8 73 17 13.6 4.8 18.3 47.7N 78.9w N
50 Ce. a.C. * 78.1 144.1 15 12.9 6.6 16.1 26.6N 101.4w N
100 Oe. a.C. 87.9 28.0 15 10.9 3.4 2404 49.85 ¢ 113.1% N
400°C. Therm. 60.0 123.8 12 10.1 5.7 19.9 10.5N 76.4W N
500°C. Thern. 68.1 127.6 12 9.7 4.8 22.2 17.38 84.8W N
580°C. Therm. -5.4 208.5 11 8.2 5.9 17.0 39.9s 154.5W M (Display)

RESULTS: Saoples still strong (1073 e.m.u./cc) after 580° thermal demag. which suggests magnetic mineral is hematite. 580° thermal
demag. rgsults are believed to be the most reliable, although there {s considerable change between 500 and 580° results.
About 59 clockwise rotattion s suggested since 115 m.v.b.p., in comparisen with little rotation suggested by locallty 16. Beck

et al (1972) report 1=64°,

D=231.5° after A.C. demag. for same locality.
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SAMPLE LOCALITY I8: Owyhee Mts., Owyhee County, Idaho. Silver City Quadrangle, SW Section 5, T5S R3W, 4398°'N, 1169%2.7'%w.

AGE: 66.82 1.3 w.y., muscovite, sample YU-PZ (A56), Panze (1972).
ROCK DESCRIPTION: Granodforite, medium to coarse grained, fairly soft, altered by hydrothermal action.
OVERLYING STRUCTURE: Owyhee Mts. are anticlinal with volcanics dipping away from uplifted and exposed Cretaceous intrusives.

PALEGMAGNETIC RESULTS: Very weak and scattered results. Hydrothermal and weathering action has destroved original paleomagmetism.
Simi{lar to conditions of samples Il and I2.

SAMPLE LOCALITY 19: Owyhee Mts., Owyhee County, Idaho. Silver City Quadrangle, C %% Section 5, T5S R3W, 43°1.3'N, 116°43,1'W.
AGE: 65.6® 2 m.y., musovite, sample G-Ml416 (A384), Panze (1972).

ROCK DESCRIPTION: Same as I8.

OVERLYING STRUCTURE: Same as I8.

PALEOMAGNETIC RESULTS: Same as I8.
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SAMPLE LOCALITY 110: Mann Creek, Hitt Mountains, Washington County, ldaho. NLNEY Section 33, TISN RSW, 44936.8°N, 116°56.6'W.

Schridt sterecnct display, diYection of magnetizatfon after 500° €. thern. demg...
rcsp«c(ivcly;‘. present north-sceking geomagretic ficld directien in east-central Oregons

north-secking

AGE: 120% 2.4 m.y., blotite, .3 miles west of sample AYU-55-60-A, Henricksen et al (1972).

ROCK DESCRIPTION:
OVERLYING STRUCTLRE:

PALEOMAGNETIC RESULTS:

TREATMENT
N.R.M.

50 Oe. A.C.
100 Qe. A.C.
400°C. Thers.
500°C. Thers.
580°C. Therm.

RESULTS:

53.8
44.0

26.9

Graniodiorite, very fractured.

DEC.
(BEG.)

75.9
22.0
62.1
81.4
74.8

226.9

,.
el

...‘

» north-secking polarity downward and upward,

» tip of arrow denotes position of mean

Biotite and homblende about 207 of rock.

5
3

One amile to east, volcanics with N-§ strike, 15° east dip.

PRECISION
FACTOR
(X)

35.0

about 100° clockwise rotation is suggested since 120 m.v.b.p.

saaple polats or ceflected south-secking points; C denotes culled or rejected poincs deleted from final statistics.

VIRTUAL VIRTUAL NORMAL
ALPHA 95 POLE POLE REVERSE
{DEG.) LAT. LONG. MIXED
26,1 43.1% 70. 6W N
22.2 63.78 98.8W b
32.4 51.08 8L.O% N
36.9 27.6N 49.3u N
37.7 28,38 3.2 ¥ (Displsy)
1.2 18. 3% 165.5% N

‘B3LNIT ONIANWOD 0TVHOI0D 0 ALISHIAINA
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SAMPLE LOCALITY 112: Cuddy Mt., Washington County, ldaho. Sturgill Peak Quadrangle, Section 14, TL6X R4W, 44°43.7'%,,116°47. 8%,
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Schaidt sterconet display, direction of magnetization after 50 Oe. A.C. dcmg.._ \ north-secking polarity downward and upward,
respectiveiy; @\, present north-sceking geomagnetic fivld direction ia cast~central Oregdn; . tip of arrow denotes position of rean

north-seeking sample points or reflected souch-secking points; C derotes culled or rejected points deleted from final statistics.

AGE: 1812 5 2.y. (chloritized biotite), 201t 6 m.v. (hormblende). (.5 mi. NF of Sample YU-979, Armstrong and Besancon LT97Q_)
ROCK DESCRIPTION: Coarse grained (5 mm) hornblende granodiorite. Fxposure near stream bottom.

OVERLYING STRUCTURE: Columbia River Volcanics, gentle attitude, surrounding 9 square mile intrusive exposure. Intrusive intc
Permo-Triassic volcanics on NW.

FALEQMAGNETIC RESILTS:

MEAN MEAN PRECISTON VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) {DEG.) N R (¥) (DEG.) LAT. LONG. MIXED
N.R.M. 58.8 35.1 6 5.7 18.5 16.0 6378 27.9% N
50 Oe. A.C. 60.5 27.9 6 5.8 23.5 14.1 69.5% 27.6W N (Display)
100 Owv. A.C. 62.3 91.8 6 3.8 2.3 57.7 28.0% 61.8W N
400°C. therm. 60.2 70.0 5 4.1 4.6 41.6 L0.2% 48. 8w =
500°C. thera. 68.3 43.7 5 4.1 4.6 40.3 60.5% 55.8W N
580°C. thern. 54.3 35.6 4 2.8 2.5 75.9 61.2% 19. 1w N

RESULTS: Iatensities 107° to I()-‘J ever after 5809C. thermal demag suggest hematite. 50 Oe. A.C. demag chosen as best Indication of

paleo direction because of best statistics and general agreement of heating results. Abour 589 of rotation suggested since
181 m.y.b.p.
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SAMPLE LOCALITY I[13: Cuddy Mc., Washington County, Idaho. Hormet Quadrangle, NEYSW: Section 18, TLI7N R3W, 44°%48.6'N,
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Schaidt stervonet displar, directicn of magnetization after 580°C. therm. dc:,.];;.., ,» north-seeking polarity downwa
respectivel present norch=s af geo ctic fivld dircection {n east-central Oregdng . tip of arrow denctes

north-scoking sample points or reflected scuth-seeking peinzs;y € denotes culled or rejected points deleted from final stat

AGE: 200 6 z.y., chloritized biotite, 217¢ 7 m.v,, hornbluende (3/4 mile NF of Sample YU-98%, Armstrong and Besancon

ROCK DESCRIPTION: Dark grew, fine-grained quartz diorite. Homblende and biotite 40% of rock.

116944.8'W.

.8.8.0.0.0.90. 08

rd and upward,
position of rean
istics.

[19707).

OVERLYING STRUCTURE: Intrusive into Permo-Triassic on west side of 12 square mile exposure. Surrounded by gently dipping Columbia

River velcanics.

PALEOMAG IC RESULTS:
MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
mnc. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) n R (K) DEG. LAT. LONG. MIXED
NLRLM. 7.7 54,2 7 4.9 2.9 43.5 34,78 35. 38 N
50 Ov¢. A.C. 78.7 80.1 7 5.0 3.0 42.5 444N 86. 1w N
100 ve. A.C. A3.9 251.9 6 4.1 2.6 52.0 - 22,28 140, 0K N
LOOOC. therm. 58.8 172.3 8 3.9 1.7 63.1 5.48 110. 8% bt
500°C. sherm. 2R.7 134.0 8 4.9 2.3 47.9 17.88 A9, 6W M
580°C. thera. 32.3 23.7 8 6.9 6.3 24,0 1618 160. 1% % (Display

RESULTS: 1072 e.z.u./c.c. strength after 580°9C. thermal treatment suggests presence of hematite. Directioa (223,79}
rotation or structural disturbances in pre-volcanics time.

SURRest extreme



SAMPLE LOCALITY I14: Clearwvater Mountains, Idaho County, ldahe. NW Section 27, T24N R3E, Riggina Quadrangle, 45%29.7'N, 116°3.4'w.
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Schmidt sterecner display, direction of magneti{zation after 580 C. therm. demag.N, , north-seeking polarity downward and upward,

respeCHVQly;‘ ,» present north-seeking geomagnetic field directicn in east-central Oregon; , tip of arrow denotes position of mean
north-seeking sample points or reflected south-seeking points; C denotes culled or rejected points deleted from final statistics.

AGE: Youngest Intrusion in Riggins Quadrangle, 2gd, probably of Cretaceous age {(Hamilton, 1969).

BOCK DESCRIPTION: Med{um-grained (1-2 mm) blotice granodiorite. Outcrop in old Florence {(ghost town) mining area extensively
kaolinized. Sample site {s in hi{llside west of Florence, not certainly {n place but judged to be.

_OVERLYING STRUCTURE: Twelve miles to west, Columbia River volcanics average north-south strike, 10° west dip.
PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
: INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT {DEG.) (DEG.) ¥ R (x) . _(pEG.) LAT. LONG. MIXED
N.R.M. 1.5 314.3 8 2.3 1.2 107.4 29.98 119.6E .ou
50 Oe. A.C. -21.7 301.9 8 5.3 2.6 42.7 12.9% 122.6E ]
100 Oe. A.C. -30.4 289.6 8 5.9 3.4 35.6 1.58 128.6E ]
400°C. Heat -37.6 280.3 8 6.9 6.5 23.5 3.05 131.9E R
500°C. Heat -35.8 218.2 8 7.4 13.0 16.0 8.55 134,28 R
580°C. Heat -46.2 241.8 7 6.4 10.1 20.0 38.65 152.0€ R (Dtsplay)

RESULTS: 580° heating results plotted on map. About 90° rotration suggested since Cretaceous.



SAMPLE LOCALITY Il7: Gem, Shoshone County, Idaho. .T48N RSE, 67030.9'N..115°52.1'V.
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Schmidt stereonet display, direction of magnetization after 400°C. thera. demg... . north-secking polarity downward and upward,
respectively; A, present north-secking geomagnetic field direction in east-central Oregdn; , tip of arrow denotes position of mean

north-secking sample points or reflected south-secking points; C denotes culled or rejected points deleted from final statistics.
AGE: 131* 4 m.y., hornblende (Sample L-955, McDowell /_T966:/).
ROCK DESCRIPTION: Light grey hornblende monzonite with foliation.
OVERLYING STRUCTURE: Small stock intrusive into Precambrian rocks. No overlying volcanics.

PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLF. POLE REVERSE.
TREATMENT (DEG.) (DEG.) N R (K) (DEG.) LAT. LONG. MIXED
N.RM. 78.9 .8 6 5.9 65.0 8.6 69.0% 115.1% N
50 Oe. A.C. 73.0 .8 6 5.9 56.3 5.0 79.08 113.6W u
100 Oe. A.C. 72.2 1.0 6 5.9 8.4 7.2 80. 2% 112.9% N
400°C. therm. 70.9 362.3 6 4.9 74.4 7.8 76.68 164,2W N (Display)
500°C. therm. 79.5 311.2 6 4.9 4.5 35.7 57.8% 14518 N
580°C. therm. 84.3 156.7 6 4 2.6 52.7 36.9N 110.3W N

RESULTS: 10'5 to 10_6 e.m.u./c.c. after 580°C. thermal treatment suggests presence of hematite. 400°C. thermal treatment selected
as most probable direction of paleomagnetic direction. This suggests little rotation since 131 m.y.b.p.
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APPENDIX 3

Intrusive Igneous Sample Localities From Oregon




. SAMPLE LOCALITY O1:

o0 000 00

Wallowa Mts., Wallowa County, Oregon.

Schmidt sterconet display, direction of magnetization after

respectively
nerth=seeking

AGE: Late Jurassic (Taubeneck, personal communication).

ROCK DESCRIPTION: Grey hornblende-biotite diorite with yneissie texture, dark minerals 207 of rock.
up to 17 taches long.

OVERLYING STRUCTURE:

PALEOMAGNETIC RESULTS:

N.R.M.

50 Oe. A.C.
100 Oe. A. C.
200°C. thern.
500°C. there.

58070 the ..

Gently tolded Mlocene volcantcs.

-59.5

scattered results but seill

MEAN

DEC,

38.9 7
39.2 7
283.1 7
26,7 7
223.3 6

400°%¢. theram. d‘.nw_,.,
present north-sceking geomagnetic ficld direction in east-central Orero
ple paints or reflecred south-seeking poines; € denotes culled or rejected poines deleted from final statistics.

Diorite tntrusive {nto Triassi{c oetamorphosed sediments on NE side.

5.8

Enterprise Quadrangle, NWSE Sectfon 15, T2S R43E, 45923.0'N., 117°28.2'W.

.

PRECISION
FACTOR
L

20.6

’

ALPHA 95

(DEG.)

13.6

46.9

80.1

fairly streng (1075 co 1078 e.aiu.icacat.

.
0 000 00

north-seeking polaritv downward and upward,

, tip of arrow denotes pesition of mean

VIRTUAL
POLE
LAT.
47.8%
28, 6N
20.9%
58.5%

SB. 2N

VIRTUAL
POLE
_LONG.
1.4E
16,77
66,8

l4.6W

. oW

Black finec-grained inclusions

NORMAL
REVERSE
MIXED

N

M

R

R (Displav)

R

Consistent results with 100 Oe. A.C. demag and heatinp suggest rotation of about #7° since late Jurassic time. Reversed

magnetization is fortunate because tf not reversed we could not distinguish paleomagnetic dircction froz present magnetic

direction.

GIQL L B 4T A G ISHE e VR
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SAMPLE LOCALLITY 02: Wallowa Mt., Wallowa County, Oregon. Wallowa Qundr;lnglc. NENE Section 1, T2S R43IE (unsurveyed).

- .
. 3
. N .
. . ..
- .
N - .
. 3
'Y . -
. .
. -
- -
. . .

- .
- .
- .

. . @ .
- .
- L
. o o .
. A .
- .
: | J :
- 3
- *
. - . . - . - . . . - . )
e .
° .
. @ y
- . -
. -
Y -
- .
° .
3 [ L]
3 - .

- .

- .

3 . L]

. ) b4
. .

. .

- . L4
° -

. .

. .

L] . .

- .

. .

-

Schmide sterecnct display, direction of magnet{zationm after 500°C. therm. dcmag... , north-sceking polarity downward and upward,
rEspnctlvcly:A. present north-sceking geomagnetic ficld dircction in east-central Oregdn; » tip of arrow denaotes position of mean
north-secking sample points or reflected south-secking points; C denotes culled or rejected points deleted from final statistics.

ACE: 1022 10 m.y. fisafon track {Chevron U.S.A. lab {n Richmoad, Califaornta).

ROCK DESCRIPTION: Fresh hornblende biotite granodiorite {n exposures {n valley floor of glaciated valley.

OVERLYING STRUCTURE: Intrusive {nto Triassic sediments Wallowa Batholith in over 200 square miles in size. Wallowa Mts.
surrounded by gently folded Tertiary velcanics.

PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
e, DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) {DEG.) N R (K) (DEG.) LAT. LONG. MIXED
N.R.H. 1.0 7.0 7 6.9 72.2 7.2 78.8N 96.5W N
50 Oe. A.C. 74.9 8.3 9 9.0 163.4 4.0 72.8N 104.0W N
100 Oe. A.C. 76.9 25.4 9 8.8 3.0 9.0 55.84 91.9% N
400°c. thera. 69.3 3.9 8 6.5 4.5 29.2 81.9N 100. 44 N
500°C. cherm. 73.8 0.¢ [ 5.7 15.0 17.9 75.4N 118.1W N (Display)
580°C. therm. Samples cruzbled.

RESULTS: 400°C. thermal demag with 3.9° declinatfon chosen as the most relfable results. About 34° of clockwise rotation s
suggested since 102 m.y.b.p. The paleomagnetic direction almost overlaps the present field direction but the
locality is belleved to be atgniftcant.

¥3I1N3D ONILNAWOD 0AVHOI0D 40 ALISUIAIND



SAMPLE LOCALITY 03: N. Fork John Day River, Oriental Creek, approx. Section 10, T7S R33E, 4&“58.4'& 118%42.9'w.
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Schmidt sterconet display, direction of magnetization after 400°C. chera. denag. » north-secking polarity downward and upward,
respectively; , prescnt north-seeking geomagnetic field direction in east-central Ore , tip of arrow denotes position of mean
north-secking sample points or reflected south-seeking points; C denotes culled or re]ec:ed points deleted from final staciscics.
AGE: 135 m.y. (W. H. Taubeneck, 1972, Personal Ccmunlcu:icn), ’
ROCK_DESCRIPTION: Large blatk, basic inclusions (many square feet i{n size) with small (1l mm) plagioclase crystals. These
inclusions probably are related to Permo-Triassic volcanics noted on regional map by Walker (1973). Intrusive
1s coarse-grained hornblende - biotite diorite.
OVERLYING STRUCTURE: Volcanics with gentle dip. Diorite body {s about 25 square miles and {s Intrusive into Permo-Triassic volcanics
(map by Walker /19737).
PALEOMAGNETIC RESULTS:
MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) N R (K) {DEG.) LONG. LONG. MIXED
N.R.M. 80.3 89.8 7 5.8 5.0 30.0 42.18 93.1w ]
50 Qe. A.C. 54.6 29.3 7 6.3 8.12 22.5 65.6N 15.2W N
100 Oe. A.C. 61.0 26.9 8 7.3 9.9 18.5 71.8N 28.3W N
400°C. thermal 59.4 45.2 6 5.7 14.8 18.0 56.9N 37.0w N ¢Display)
500°C. thermal 78.8 100.8 7 6.0 6.0 26.9 37.5N 91.7W N
580°C. thermal 45.0 156.3 6 3.2 1.8, 72.5 15.28 97.1W N

RESULTS: Strength of 1.0'5 to 10'6 after 580° thermal demag. suggests presence of hematite. 400°C, thermal results chosen as best
representation of paleomag field. About 75° of clockwise rotatfon suggested since 135 m.y.b.p. Lack of agreement with
S00° and 580° thermal heating results casts some doubt on results.
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SAMPLE LOCALITY 05: Grande Ronde River, Unfon County, Oregon. T6S RI6E, 45°3.3'N, 118°18.6°'W.

105¢ 5 m.y., fisaton track determination.

ROCK DESCRIPTION: Bald Mountain Batholith, coarse grained tonalite (Tanbeneck /1957/). Incrusive into Permian argtllite and
Triassic metagabbro. Somewhat weathered at this localicy,

OVERLYING STRUCTURE: Overlying volcanic clastics 1-1/2 miles to west, strike NAOOE. dip 120 to northwest.

PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL

INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) % R K (DFG.) LAT. LONG. MIXED
N.R.M. 55.3 17.9 7 4.9 2.8 44.3 73.6% 0.44 N
50 Oe. A.C. 69.4 13.6 6 4.1 2.7 51.2 70.08 75.5W i
100 Oc. A.C. 53.9 1.4 7 4.8 2.8 44.8 76.3% 18.2E N
400°C. Therm. -44.3 323.2 6 3.3 1.8 72.1 11.5% 95.0E Bl
5009C. Therm. —adls 306.2 6 3.8 1.2 $9.4 3.7 108.2E R (Displav)
SB0VC. Therm. 51.4 163.2 6 a.s 3.06 6.2 11.55 103.8% N

LT8: Differences between ALC. demag and therzal demag results and large scatter suggest questtoning results. No direction (s
shown on map.
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o s Ra 45% 459 ¢ o u
SAMPLE LUCALITY U6: Wallowa .“.nunldins‘, Cornucepia Afea, Baker County, Oregon. S..SWh Section L6, T6S R4SE, 45°F, 4572.3'N, 117 13.2%.
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ACE: Late Jurassic to Early Cretacecus (Taubeneck /__1-1657\.

ESCRIPTION

Trazway trondhjestte (Taubeneck, ihid). Underhand lens, appedrs to be fairly coarse ronsonite, (grains about § em
in stzc), about 10 bhornblenlde. A few rare argillite inclusiens (oriented sazple taken).

Cently folded Columbia River Basalt 1-1/2 miles south but separated by faulr. YNe structure cerrection used in
caivulations as it cannot be predicted.

VAN VIRTUAL NORMAL

NEC. ALPHA 93 POLE REVERSE

3 % R (DFC. ) 108G, MINED
7.2 8.2 5 4 £.9 28.8% 81,48 %
30 0. ALC. 83.3 17401 5 37 3.1 3.3 3208 115.7% N
100 Oe. A.C. %5.9 S5h.1 5 L8 7.8 18,4 52.2% 52.8% %
230 Ve ALCL 0.5 13.4 3 B o1 170 77N 79.4K X
330 Ou. AL 8.0 i 5 a iL.e 2.2 37.5% 112.9% %
L0 Oe. AL 80.7 1128 5 Wt 1. 35798 9. a1 S
405, Th EPRY ag,n 5 a 23,7 1o 28.0% 7L N

G Therz, 5.0 31,7 B 3.8 15.3 243 £8.8% 84,58 % (Displa)

3000, Therm, 59. 3 B 3. s ~2.9 308 155.G% X

1075 te 1077«

used betause

a
uo/ee after 380 C. SugRests presence of e
Agree detter with other focalities,  Clod

< - . . nC <nnt
tite. Smallest 95 resyles fron 4007°C, but 3007°C, results
wise rotatien of about A2 degrees since Early Cretaceous.




SAMPLE LOCALITY 07:

Schmidt stereonct display, direction of magnetization after 500° C. therm. demg.'.
respectively; £ . presest north-sceking geomagnetic field direction in east-central Oregon

AGE: Early Cretaceous (Taubeneck /19577).
ROCK_DESCRIPTION: Fresh exposure in deep glacial valley.

OVERLYING STRUCTURE:

PALEOMAGNETIC RESULTS:

TREATMENT
NRM.

5 Qe. A.C.
100 ce. A.C.
400°C. ther=m.
500°C. thers.

580°C. therm.

RESULTS: Not significantly different from present magnet{c direction.
results do not overlap present field direction.

Elkhorn Mt., Bald Mt. Batholith, Barker County, Oregom.

st &0 Lo

Volcanics 12 miles to west have gentle dip.
mDetagabbro (Taubeneck /19577).

MEAN
INC.
(DEG. )
7.6
75.5
62.4
61.7

64

Most

sazples

.
.
.
-
- 3
-

crunbled.

#5 {s 10525 m.y.

_PRECISION
FACTOR

R —x)
5.8 23.3
5.8 22.7
5.6 11.3
2.3 1.5
4.5 8.6

Approx. Sec. 8, T8S R38E,

ALPHA 95
(DEG.)

14,2

107.7

27.7

44°52.3'%, 118°7.0'W.

north-seeking polarity downward and upward,

» tip of arrow denotes positlon of mean
north-secking sample points or reflected south-seeking points; C denotes culled or rejected points deleted from final stattstics.

Light grey, medium grained (3 mm) homblend-biotite gramodiorite.

Bald Mt. batholith {s intrustive into Permian sediments and Trilassic

VIRTUAL VIRTUAL NORMAL
POLE POLE REVERSE
LAT. LONG. MIXED
46.3N 69.3W N
46.6N 18.7W N
26.9N 64.1W M
.75 104.8w k4
59.7 45.5W ¥ (Display)

May be valld, however, since lower heating and A.C. demag
About 74° clockvise rotation may be suggested since earlv Cretaceous.



SAMPLE LOCALITY 08: Elkhorn Mt., Bsld Mt. batholith, Baker County, Oregon.

AGE: Early Cretaceous (Taubeneck /_TQSZ?).

ROCK DESCRIPTION: Extensively fractured, somewhat weathered exposures along mining road.

Hornblende and biotite crystals up to 10 mm.

OVERLYING STRUCTURE:

PALEOMAGNETIC RESULTS:

TREATMENT

N.R.M.

50 Oe. A.C.
100 Qe. A.C.
400°C. therm.
500°C. therm.

580°C. thera.

MEAN
INC. DEC.
(o) (@G
73.2 90.8
68.0 253.7
55.4 262.9
82.8 151.5
43.0 323.1
72.9 268.1

(4

Gently dipping volcanics 8 miles to west.

4.0

PRECISION
FACTOR

(. I

1.9
1.8
1.5
2.0
1.8

2.0

ALPHA 95
(DEG.)

53.6
68.0
80.6
54.3
64.6

58.6

Approx. Sectien 14, T8S R36E, 44°51.7'W, 118°16.0'W.

Light grey coarse-grained granodiorite.

VIRTUAL VIRTUAL NORMAL
POLE POLE REVERSE
LAT. LONG. MIXED
36.98 78.2W ¥
25.18 160,00 M
0.8 7 1717w M
2.8 110.4¥ "
s 130.4E M
36.1N 158.6W M

RESULTS: Unstable results in thst little consistency cccurs between various methods of treatment. X factors are low and Alpha 95

vslues are large.

No display is shown; paleomsgnetic direction is not used on maps.



SAMPLE LOCALITY 09:

st ecss e

Blue Mt., Ben Harrison Peak, Grant County, Oregon.

Schmidt stereonct display, direction of magnetizatfon afcer 100 Oe. A, C,

respectively;

Bates Quadrangle, Nwx Section 2, T10S

RILE, 44944.0°N, 118935.5'W.

LN W 1

EEXE TN

» prescnt north-ceeking geomagnetic fleld direction fn east-central Oregon;

demag .-¢-

» north-seeking polarity dowmward and upward,
. tip of arrow denotes position of mean

north-secking sample points or reflected south-seeking points; C denotes culled or rejected points deleted from final statisries.

ACE: Cretaceous (Thayer and Brown, 1963).

ROCX_DESCRIPTION:

Light grey, fine-grained granodiorite.

Many felsic dikes.

OVERLYING STRUCTURE: Volcanics vith gentle southerly dip.

tocks (Walker, 197)).

PALEOMAGNETIC RESULTS:

MEAN MEAN

NC, DEC.
TREATMENT (DEG.) (DEG.)
N.R.M. 52.0 338.4
50 Oe. A.C. 57.8 358.2
100 Oe. A.C. 59.1 0.¢
400°C. therm. 82.5 328.0
500°C. therm. %0.7 15.1
580°C. theram. $8.7 263.2

RESULTS:

3.7

100 Oe. A.C. demag results show N orifentatian with 59° dip.
heating results.

Inclusions of dark grey crystal

Cretaceous intrusive into Permo-Triassic sediments

line rock.

and Triasafe ultramafic

PRECISION VIRTUAL VIRTUAL NORMAL
FACTCR ALPHA 95 POLE POLE REVERSE

®) (DEG.) LT, LONG. MIXED

2.3 45.3 69.38 122.9¢ N

2.6 39.9 83.6N 76.3E ¥

2.7 23.3 85.1N 62.1E N (Display)

2.6 43.0 56. 4N 132.6w N

1.2 111.3 65. 3 26.6E u

1.6 67.6 22.4N 174,70 u

These results are questicned as they are
The direction i{s shown on the map but is questtonable.

not confirmed by



SAMPLE LOCALITY 010: Big Lookout Mt., Baker County, Oregon. Durkee Quadrangle, C. Section 13, TLIS R44E, 44°36.6'N, 117°16.5'W.
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Schmidt sterconet display, direction of magnetization after 400°C. thera. dmaz-., » north-seeking polarity downward and upwvard,
rrspocllvcl)’;‘. present north-seeking geomagnetic field directfon in east-central Oregon; » tip of arrow denctes position of mean

north-secking sample points or veflected south-secking points; C denotes culled or rejected points deleted from final statistics.

AGE: (Cretaceous (Thayer and Brown, 1963).
ROCK DESCRIPTIQN: Grey biotite-hornblende schistose quartz monzanite. High an Lookout Mt. near forest lockout.

OVERLYING STRUCTURE: Gentle volcanics two miles north. Cretaceous intrusive (about 18 sq. ailes {n size) flanked by Triassic
metamorphosed sediments on north and east side.

PALEOMAGNETIC RESULTS: N
MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) ; R (K) (DEG.) LAT. LONG. MLXED
N.R.M. -65.7 162.7 H 4.5 8.0 28.9 77.65 5.5W R
50 Oe. A.C. -56.4 167.8 5 4.7 1.7 23.4 78.1s 62.7 3
100 Oe. A.C. -64.9 134.8 5 4.6 10.4 24.9 £8.85 6.8u R
400°C. therm. -49.3 134.8 5 4.4 6.5 32.4 51.9s 13.W R (Display)
500°C. therm. -37.1 129.1 H 3.4 2.6 60.2 41.95 39.9% £
580°C. thera. 32.0 69.3 5 2.6 1.7 91.3 26.78 25. 7% M

RESULIS: 400°C. thers. demag. chosen as tost representative of paleomag. direction, although statistics are not quite as good as
for 50 and 100 Oe. A.C. This locality, differing from most others in eastern Oregon, suggests little rotation since
Cretaceocus time.
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SAMPLE LOCALITY 01l: Big Lookour Mt., Baker County, Oregun. Durkee Quadrangle, NWNW& Scetfon 36, TI1S R44E, 44934.3°N, 117934.3'W.

AGE: Cretaceous (Thayer and Brown, 1963).

ROCK DESCRIPTION: Very coarse (up to 10 mm) grained hiotite granite or quartz monzonite. Blotite about 10% of granite. Maybe
kaolinized since rock drills fairly eastly.

OVERLYING STRUCTURE: Near overlap of gently dipping volcanics. Near intrusion into Triassic gabbro.

PALEQMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSF.
TREATMENT (DEG.) (DEG.) N 3 ® _(NEG.) LAT. LONG. MIXED
N.R.M. =53.0 310.0 6 .7 .9 Data too scattered M
50 Qe. A.C. -13.7 289.7 6 1.1 1.0 " " " M
100 Oc. A.C. 2.0 322.8 6 .9 1.0 " " " M
125 Oe. A.C. 17.7 314.9 6 1.4 1.1 noon " M

400°C. Thers.

RESULTS: The data is too scattered for meaningful interpretation. N0 direct{on ts shown on gap.
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SAMPLE LOCALITY Q12: Pedro Mt., Malheur County, Oregon. Bridgeport Quadrangle, NENE Scection 11, T13S R4ZE, 46027.4'N., 117934.3 W,

AGE: Cretaceous (Thayer and Brown, 1963).

ROCK DESCRIPTION: Hornblende granodiorite. Large crystals of hornblende Sup to 1S x 5 mm. {n size), dark minerals 25X of rock.
Rock somewhat altered or weathered.

OVERLYING STRUCTURE: Intrusive into Permo-Triassic volcanic rocks. Tertlary volcanics are gently folded.

PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC, DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEC.) N R ) (DEG. ) LAT . 1ONG. MIXED
N.R.M. -47.7 338.2 8 3.8 1.7 65.1 18. 7 83.5EF M
50 Qe. A.C. =22.3 276.1 8 3.8 1.7 66 3.88 140.0E M
100 Qe. A.C. -34.7 275.9 8 4.5 2.0 54.8 9.25 144, 7E H
400°C. therm. -36.0 276.5 7 4.7 2.6 47.1 9.48 133,78 M
500°C, therm. -33.6 270.5 5 2.8 1.8 83.0 12.45 138.8E M

RESULTS: 400°C. therm. gives best statistics; results show reversed polarity with 96° declination. Although this direction is
reasonable considering scatter and surrounding localities, the €95 {s too high (47.19) to be reliahle. No direction {s
shown on map for this locality.
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APPENDIX 4

Extrusive volcanic sample localities from Oregon and Idaho. Samples

are listed in order of increasing sample locality number.
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SAMPLE LOCALITY 28839: Cottonwood Creek, west side of Trout Creck Mt., Harnev Ceountv, Jdregen.  Scctions 1 oand 2, T4IS RYFF,

4203 118°19.6"%.
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€ to northeast.

L. Basham
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SAMPLE LOCALITY 28B40: Oregon Canyon Creeck, Trout Creek Mountains, Malheur County, Oregon. Sections 2 and 3, T39S R4OE, 42013.0°N, 1180.7°'w.

N .//
>0 g .

- L]
- C -
. -
« 3
.
-
-
.
-
.
.
°
-
-
.
L2
.
. Y
[ 3 . H
° i
. z
° . . o s
- -
. -
- z
. =
.
° E
. Z
e ‘E
- E
. =
2
. o
° z
. 2
- z
. =
.
. . .
° .
° -
° -
- . .
° .
- -
°
lar o
B 15 . tip areew & rosition
secihiiia pointsy C deaotes culled or rejected points deleted from £ intics.

AGE: 15.5 and 16.0 m.y. K-Ar.

ROCK DESCRIPTION: Interlayered andesite, dacite, and basalt flovs, individual units up to 300 feet thick, total seasured section 1900'.
Probably correlative to Steens Basait.

OVERLYING STRUCTURE: Attitude is strike S10°E, dipping 3° west.

PALEOMAGNETIC RESULTS: (Measured by W. L. Basham)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 935 POLE POLE ~REVERSE
TREATMENT (DEG.) {DEG.) b3 R K) (DEG.} LAT. LONG.. MIXED
N.R.M. 6 279 54 12.5 1.3 36 8.7N 168.2E 1
100 Qe. A.C. =147 277.2 54 14 1.3 33.9 BEX} 141.6E M
200 Qe. A.C. =65 199.4 43 ~0.9 15.8 5.0 75.45 126.3E M (Di{splay)

RESCLTS: 197 clockwise rotazien is suggested since Mioce
Ry RVBGRLR RN RGN R, RLH B R,N NN NN, NLY,

Froz to to bottoz, sequence is 5,5

R.N,R,R.R,R.R,R,R,R,R,R,R,R,R,R,R,R,




SAMPLE LOCALITY #28857: Hill Creek, Horseshoe Bend, Boise County, ldaho. Sectfons 23 and 25, T8N R3E, 4%, 11693.8'W.
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AGE: 29.9% 2.6 m.y. K-Ar. (Sample #28753A cmeasured by Ceochron.) Osr on state geologic map, Ross and Forrester (1959) buc this fs

in error.

ROCK DESCRIPTION: Fine grained basale.

Lower half of sectfon has scattered thin tuff interbeds throughout section. Lowest unit is

porphryiric with plagioclase crystals 5-10%.

STRUCTURE: Strike S17°W, dipping 31° west.
with Horseshoe Bend sediments.

PALEQMAGNETIC RESULTS:

MEAN
INC.
TREATMENT (DEG.)
N.R.M. 32.2
175 Oe. A.C. -65.4

MEAN

DEC.
{DEG.)
345.5

215.1

18

Locally overlies tuff breccia and granite. At top of section, basalt interfingers

PRECISION VIRTUAL VIRTUAL NORMAL
FACTOR ALPHA 95 POLE PQLE REVERSE
R &) (DEG.) LAT. LONG. MIXED
6.2 1.2 54.5 60.8% 93.3E v
16.8 13.8 9.7 65.55 133.1E ¥ (Display)

RESULTS: 35° clockwise rotation suggested since 30 @.v.,b.p. Polarity from Zcp to bottom is 13R,4N,BR,N,R,2%.



SAMPLE LOCALITY East side $quaw Butte, Gem Countv,

ROCK DESCRIPTION

e
20w,

STRUCTURE :

Dip N18%,

(Measurced by W. L. Bastum)

MEAN »
. DEC.

TREATMENT (DEG.) N R

NoR. M. 33,1 e 4 3.3

200 Oc. A.C. 63.3 ENS 4 3.4

RESULTS: Not much rotation suggested sinee Mloce

but nuv display shown here because onlv four samples,

SAMPLE LOCALITY 28859: Ldaho.

Roystone Spring, Gem County,

2.1t 1.4 oy, Geochron.

K~Ar,

5lack, massive flne-grained basalt,

Attitude fn» stribe SI0OT, 3576 dap.

asured by W, Lo Basham)

CREADMERT_ 8 K

N.R.M. 235.6 4 4.0

100 ve. A.C. “hd. 2 237.3 o 4.0

200 Ve, A.C. =618 239.1 4 4,0
RESULTS: Rotation of 59" suggested since Miocene.

varlatlon averaged out.

Idaho.

. Too few polnts to average out

Sectfon 26, TEN RIF, 449

K-Ar (possihly too old by comparfson to ncarby localities?).

PRECISTON

FACTOR ALPHA 93

(K)

4ok 9.5

5.2 44,7

Tor on Idabo State Map, Ross and Forrester (1959).

PRFCISTON

FACTOR ALPHA 0%
LR gt
0.3 3.5
205.7 ol
275.3 5.6

)

1

22N,

Porphyefric, vesfcular andesite(?) with large laths (6 x 15 mm) of plagleclase,

secular variarlon,

116920, 2°W.

VIRTUAL
POLE
IAT.

42.BN

88, 0%

Section 17, TP RIE, 43756.6°K, 116721.6'%.

VIRTUAL
POLE
AT
50.78
50. 38

49.08

VIRTUAL

VIRTUAL ’

POLE
_a

13388
< 129.9€

130.0F

Base of Columblia River Basalt.

NORMAL

REVERSE

_MIXED
M

M

Dlrection is plotred on map,

NORMAL
RFEVERSE
HMIED
R
R

R

However, small number of samples mav not represent a relfable direction with secular
No sample shown here because of small XN,
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SAMPLE LOCALITY 28860: Coal Mine Gulch, Dead Indian Ridge, Washingron County, Idaho., Sections 22 and 23, TLIN RW, 44°12.2°N, 117°10.5'W.

*
- * N '. .
\ . . - -
o o) e
L] L]
. L] *
L) *
L ] -
- c .
. L ] [ ]
. @, e .

.. - ‘ ..
* L]

.
: ° :
- . L]
o ) .
: | :
[ ] -
- . . . A4 * - [ ] . L . *
] .
° L
L] .
-

L4 .
L4 .
L4 (]
- [
. 3
. -

. .

. -

- L]

. .

- .

- .

- . -

. .

O O
L] -

- . .

- -

- .

L

Schmidt stereonet display, direct{on of magnetization after 200 Oe. A.C. demag. . » notth-seeking polarity downuard and upward,
respectively; » present north-seeking geomagnetic field direction in east-central Oregdn; » tip of arrow denotes position of mean
north-sceeking sample points or reflected south-seeking points; C denotes culled or rejected points deleted from final statistics.

AGE: 30 m.y. K-A but this date ts believed to be in error. More probable age 12 to 16 o.y. judging from ages 40 miles to east.

ROCK DESCRIPTION: Columbia River Basalt. Black, uniformly textured fine grained basalt with a few small ( 1 mm.) plagioclase laths.

STRUCTURE: NSE strtke, dip 28° east, volcanics overlap Permo-Triassic volcanics four miles to west. Pliocene Pavetie Formation overlaps
volcanics six miles to east.

PALEOMAQIETIC RESULTS: (Measured by W. L. Basham)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT {DEG.) (DEG.) N R LX) (DEG.) LAT. LONG. MIXED
N.R.M, 54.5 46.3% 35 2.2 3.1 16.5 53.6N 28.8% N
100 Oe. A.C. -49.6 200.9 13 8.5 1.3 446 £8.55 174.2w M
200 Qe. A.C. -62.9 202.8 28 25.8 1.3 8.5 73.85 144.7€ ¥ (Display)

RESULTS: 23° clockwise rotation suggested by this locality since Miocene. Froz top to bettom, sequence for 200 Oe. A.C. demag. ts R,N,N,
RyRoRy Ry R R, Ry RGR NN N RV RV Ry R, RON VNN, N, N, NN, R, R R,RWRLR,R,R.  N.R.M. showed all normal orfentation which probably {ndicates
secondary magnet{zation supertmposed on the true remanent magnetism. This behavior was noted by Watkins and Baksi (1974).

ININN
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, north-secking polarity dewnuward and upward,
, tip of arrow denotes positien of mean
north-secking sample points or reflected south-secking pofnts; C dunotes culled or rejected points deleted from final statistics.

AGE: Thought to be correlative to Columbia River or Steens Mountain Basalt, Tcr_on Idaho State Geologic map, Ross and Forrester (1959).
Twenty miles to southwest, age 16.6: 4 m.y. for lower basalt unit (Panze /1972/).

ROCK DESCRIPTION:

STRUCTURE:

PALEOMAGNETIC RESULTS:

MEAN MEAN
INC. DEC.
TREATMENT (DEG.) DEG.)
N.R.M. -71.8 91.1
100 Oe. A.C. -79.4 109.9
200 Qe. A.C. -69.5 194.4

RESULTS:

Strike is N6, dip 35° to east.

{Measured by W. L. Basham)

14° clockwise motion suggested since Miocene time.

Upper 16 samples vesicular basalt; balance of section i{s massive, fine-grained.
of lighter matertal set in dark ground mass.

PRECISION

Probable fault contact with Cretaceous {ntrusive.

Lowest bed has small (2 mm) patches

VIRTUAL VIRTUAL NORMAL
FACTOR ALPHA 95 POLE POLE REVERSE
) (DEG.). LAT. LONG. MIXED
2.9 16.5 35.9% 20.4E M
3.2 15.1 47.38 34.0E M
7.3 9.8 75.95 100. 7E M (Display)

samples suggest the direction i{s a paleomagnetic and is valid.
direction and 21 samples with reverse direction.

Direction similar to present fteld but reverse directions of many
Polarity from top te bottom {s 19 samples with norzal

Y 1N ONILINJWOD 0AVHO 10D 30 ALISHIAINND
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SAMPLE LOCALITY 29858: Rtiddle Mountafn, Harmey Countv, Oregon. Section 31, T28S R3SE, 4395.6'N, 118927.2'%.
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Schmidt stereonct display, direction of magnetization after 200 Oe. A.C. demag. ’ orth-secking polarity downward and upward,
n‘spo:llvcly:‘ . present north-seeking Reomagnetic fleld directicn in east-central Oregon » tip of arrow denotes posttlon of mean
north-seeking sample points or reflected south-seeking points; € denotes culled or refected points deleted from final szatistics.

AGE: 15.4 m.y. K-Ar (measured by Geochron).

ROCK DESCRIPTION: Dark grey basalt, mostly massive but some ves{cular.KNear base of sewtion, unit with large latns (4x20 mm.) of
plagloclase. Believed correlative with Steens Mountain Basalt.

STRUCTURE: Approximately flat dip. Region of northwesterly trending normal faults.

PALEQMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT {DEG.) {DEG.) N R (K) (DEG.) LAT. LONG. MIXED
N.R.M. 51.0 34.7 56 33.5 2.4 15.8 60.5N 17.4% N
100 Oe. A.C. 57.6 35.2 56 36.8 .9 13.9 611N 30. 1w N
200 Qe. A.C. 67.8 32.3 46 43.0 14.9 5.6 66.8N 59.2W N (Display)

RESULTS: Site s oostly normal magnetization except lowest unit which {s reversed. About 32° clockwise rotatien ts suggested since
15.4 @.y.b.p. Falrly close to present field but reverse readings on three sacples mav suggest direction {s valid paleomagnetic
direction. Also, scattered low inclication points may be related to field changes.

W) 10 ALSbIAING
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SAMPLE LOCALITY 29859: Bumns Butte, Harnmey County, Oregon. Bectton 21, T23S RIOE, 43°34.1°N, 119°7.0'w.

AGE: 7.3¢ .5 @.y. K-Ar. Tr, early Pllocene, on Burms quadrangle map, Grecne, et al. (1972). (This is #29511 measured by Ceodron in 1971.)

ROCK DESCRIPTION: Basalt flow.

STRUCTURE: Approximately flat.

PALEQMAGNETIC RESULTS: (Measured by C. E. Helsley)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL

INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) N R (K) (DEG.) LAT. LONG. MIXED
N.R.M. -3.7 267.3 3 2.9 23.8 25.9 5.38 149.2E M
175 Oe. A.C. -48.7 393.1 6.2 44.58 149.6E R

235.2 3 3.0

.
RESULTS: About 55° clockwise possible rotation since 7 @.y.b.p. However, only three samples which would not average out secular variation.

SAMPLE LOCALITY 29860: Sawtooth Creek, Harney County, Oregon. Section 24, T21S R28E, 43%44.1'N, 119°18.5'%.

AGE: Tdo, Pliocene, on Burns quadrangle map, Greene et al (1972), probable age by comparison with nearby localities, 7 to 10 m.y.
ROCK DESCRIPTION: Basalt.
STRUCTURE: Strike N60%W, dip 9° east.

PALEOMAGNETIC RESULTS: (Measured by C. E. Helsley)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) R (9] (DEG.) LAT. LONG. MIXED
N.R.M. 65.4 36.3 5 4.7 12.6 22.4 64.5N 50.8W N
175 Ce. A.C. 63.9 39.2 S 47 12.7 22.3 62.38 a7.0w N
RESULIS: 399 clockwise rotation possible since Pliccene(?). Hovever, onlv five samples whick would not average out secular variation.

SAMPLE LOCALITY 29861: Butte Creek, Harmey County, Oregon. Sectfon 27, T20S R28E, 43°48.4°N, 119°20.9'W.

AGE: 47.6* 2.8 m.y. K-Ar, but age probably is ouch too vld.
Greene et al (1972).

Tdo, considered to be Pliocene, on Burns quadrangle map,
This {s #29255 peasured bv Geochron in 1971.

ROXX DESCRIPTION: Basale.
STRUCTURE: Strike ts SLOW, dip 107 west.

PALEOMAGNETIC RESULTS: (Measured by C. E. Helsley)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) N R (K) (DEG.) LAT. LONG. MINED
N.R.M. 6l.4 359.1 3 3.0 5.3 18.5 88.55 86.3E N
175 Oe. A.C. 2.4 3.5 3 3.0 905.0 4.1 76.18 111.5% N

RESULTS: Very little rotatiom since Plivcene(?) time. However, only three samples which would not average out secular variation.

. o~ = e
SAMPLE LOCALITY 29862: Little Emigrant Creck, Harney County, Oregur;. Sectlon 24, T20S R27E, 43949.3'%, 119°25.6'w.

AGE: 32.7: 4.8 m.y. K-Ar, but this probably i{s too old.
Geochron in 1971.)

ROCK DESCRIPTION: Basalt.

Tba, late Mfocene, on Burms quadrangle map, Greene, et al (I1972). (This is #29506 by

STRUCTURE: Approximately flac.

PALEQMAGNETIC RESULTS:

TREATMENT
N.R.M.
175 Or. A.C.

RESULTS:

No rotation since Miocene.

(Measured by C. E. Helsley)

MEAN MEAN

INC. DEC.

(DEG.) (DEG.) N
-44.0 182.7 B3
-63.0 180.8 4

PRECISION VIRTUAL VIRTUAL NORMAL
FACTOR ALPHA 95 POLE POLE REVERSE
R (K) {DEG.) LAT. LONG. MIXED
3.1 3.5 57.7 71.8s 127.39 M
&.0 3957.2 1.5 89.1s 104.1E R

Only four samples which would not average out secular variation.



SAMPLE LOCALITY 29863:

AGE: 10.3: .5 @.y. K-ar.

ROCK _DESCRIPTION:

STRUCTURE: Gentle dip.

PALEOMAGNETIC RESULTS:

Little Emigrant Creek, Hamey County, Oregon.

Feloic volcanic ash.

(Measured by C. E. Helsley)

Section 25, T20S R27E, 43%48.4'N,

Tdo considered to be Pliocene on Bumns quadrangle map, Greene, et al (1972).

119°25.6'W.

This 1s #29500 measured by Geochron in 1971

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPEA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) N R (K) (DEG.) (LAT.) LONG. MIXED
N.R.M. 73.2 32.9 3 2.0 1.9 144.9 64.9N 77.8W N
175 Qe. A.C. 59.5 22.9 3 2.3 3.0 88.9 72.78 25.7W N
RESULTS: Scatter to great to be useful. Not shown on map.

SAMPLE LOCALITY 29864: Little Emigrant Creek, Hamey County, Oregon. Section 34, T20S R27E, 43947.6'N, 119°27.7'W.

AGE: 9.5 .6 m.y. K-Ar. Tdo considered Pliocene on Burns quadrangle map, Greene et al (1972). This {s #29599 measured by Geochron in 1971.

ROCK DESCRIPTION: Basalt.

STRUCTURE: Very gentle dip, 3°.

PALEOMAGNETIC RESULTS: (Measured by C. E. Helsley)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DzC. FACTOR ALPHA 95 POLE POLE REVERSE
TREAT? (DLCG. {DEG.) k3 R (K} (PEG.} LAT. LONG. MIXED
N.R.M. 38.4 17.1 4 4.0 8i.4 10.1 63.78 22.3E N
175 Qe. A.C. -72.5 9.7 ) 3.0 96.3 12.6 37.18 18.5¢8 R
RESULTS: Unusual direction cozpared to other lccalitfes in Hamey Basin. Suggests 87° of counterclockwise rotation. Shown

on map but is anomalous. Only three sasples used in computation; nct enough to average out Sccular variation.

SAMPLE LOCALITY 29865: Fine Spring Bastn, Harney County, Oregon. Section 2, T23S R28E, 43936.4°'N, 119°19.7'w.

AGE: 9.1z .6 m.y. K-Ar. Tdo considered Pliocene on Burns quadrangle map, Greene et al (1972). (Tnis ts #29505 mecasured by Geochron in 1971).

ROCK DESCRIPTION: Basalt.
STRUCTURE: Centle

PALEOMAGNETIC RESULTS: (Measured by C. E. Helsley)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) {DEG.) R x) (DEG.) LAT. LONG. MIXED
N.R.M 53.3 20.7 5 5 2449.8 1.6 71.2% 5.0 . N
175 Oe. A.C. 52.7 21 S 5 1920.9 1.8 70.7% 3.9w N
RESULTS: 21° clockwise rotatfon suggested since 9 =.v.b.p. Insufffcient samples (5) to average out secular variation.
SAMPLE LOCALITY 29866: Silvies River, Harney County, Oregon. Section 24, T20S R29E, 63049.6':\', 119911.3"W.
AGE: Tdo, listed as Pliocene age on Burns quadrangle map, Greene et al. (1972). By conparison to other ages in area for
this untt, probable age {s 7 to 9 a.v.
ROCK_DESCRIPTION: Basalt.
STRUCTURE: Gentle dips.
PALEQMAGNETIC RESULTS: {Measured by C. E. Helsley)
MEAN MEAN PRECISION VIRTTAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 PULE POLE REVERSE
TREATMENT (DEG. ) (DEG.) N R (K) {DEG.) LAT. LONG. MIXED
N.R.M. 22.3 23.4 s 3.8 12.0 27.7 32.0N 21.6E N
175 Qe. A.C. 61.1 9.2 4 3.9 27.7 17.8 83.1N 18.3w N
RESULTS: 90 clockwise rotation since 7 to 9 @.y.b.p. Insufficient sacples (4) to average out secular variation.

.



SAMPLE LOCALITY 29867:

AGE: 22.) m.y. 21.9, K~Ar, Geochron, out this may he too old.

ROCK DESCRIPTION: Basalt.

STRUCTURE:

PALEOMAGNETIC RESULTS:

Gentle dips.

MEAN

INC,

(DEG.)

NOR.ML 74.8

175 Ge. A.C. 6.9
RESULTS:  No display shown Lecause

sugkested hut samples tou

Silvies River, Harney County, Oregon.

(Measured hy C. E. Helslev)

PRE
FACTOR
) *)
1.9 38.6
L.t 2L4.7

there are enly tour samples. Direction

few to average out

wecular variatien.

In ledge helow Lacallty 29866.

Section 24, T208 R29E, 43Y49.4'N, 11eY11.0'w.
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SAMPLE LOCALITY 29868: Silvies River, Hamey Countv, Oregon. Section 2, T2IS R29E; &3°4n.7°N, 119°11.9'w,
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localire 20847 which has F=Ar age of 22,1 +1.9 m.v.b.p. This
ROCK DESCRIPTION: Andesite of basalt {lows.
STRUCTURE:  Gentle.

PALEOMAGNETIC RESULTS: (Mvasured bv C. L. Helslew)

MEAN

PRECISION VIRTUAL VIRTUAL NORMAL
X FACTOR ALPHA 95 POLE POLE REATRSE
TREATME % kS _(EG.) LAT. MINED
NORLM. 8.0 13 .3 3.3 2704 77.A% K0, 71 b
175 ve. ALC. 37.5 2.0 12 11.8 $3.% n.0 3. 15.7F N
RESULTS: Avout 219 rotat since P N
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SAMPLE LOCALITY 29869: Canyon Creek, Grant County, Oregon. Seetion 2%, TI14S R31E, 44920.7'N, 118°11.6'W.

ACE: Triassic, Brown and Thayer (1966).
ROCK DESCRIPTION: Cabbro from Canyon Mountatin complex.
STRUCTURE: Complex but overlying volcanics fairly gentle.

PALEOMAGNETIC RESULTS: (Measured by C. E. Helsley)

MEAN . MEAN . PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT {DEG.) (DEG.) L3 R X) {DEG.) LAT. LONG, MIXED
N.R.M. 55.5 291.6 “ 3.0 3.0 64.3 38.6N 66.8E N
175 Oe. A.C. 40.5 266.9 4 2.8 2.5 75.2 12.4N 171.3E N
RESULTS: Too scattered for meaningful results.
SAMPLE LOCALITY 29871: Hampton Butte, Deschutes County, Oregon. Section 2, T21S R20E, 43°46.9'N, 120°16.9'W.
AGE: (Tsv, Pliocene and Pleistocene(?), Walker, et al. (1967).
ROCK DESCRIPTION: Grey porphyvritic dacite. Probably an intrusive dome.
STRUCTURE: Massive, not certain of bedding.
PALEOMAGNETIC RESULTS:
MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) 5 R (K) (DEG.) LAT. LONG. _MIXED
N.R.M. “les 1.0 4 3.8 12.8 26.8 38.9% $8.4E R
100 Qe. A.C. -73.6 .08.1 4 3.6 8.2 34.1 £6.85 97.0E ®
200 Qe. A.C. -76.0 5.2 4 3.6 7.5 36.0 40.5S 24.1E R
RESULTS: Results appedar to be uastable. Not plotted on map.
SAMPLE LOCALITY 29872: Middle Fork Camp Creek, Deschutes County, Oregon. Section 22, T19S R20E, 43°54.8'N, 119°18.8"w.
AGE: Eocene or Oligocene, Walker et al (1967).
ROCK DESCRIPTION: Sazgples from basalt blocks in Clamo flow breccia.
STRUCTURE: Uncertain - falrly gentle.
I
PALEOMAGNETIC RESULTS: (Measured by W. L. Bashaz).
MEAN ’ MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) hi R (K) (DEC.) LAT. LONG. MIXED
N.R.M. 19.8 29.9 4 3.2 3.8 54.3 47.5N 13.1e M
100 Qe. A.C. 22.6 58.8 4 2.2 1.7 109.9 30.4N 16.6w b
200 Oe. A.C.  -12.4 71,4 3 1.8 1.4 Too scattered. ]

RESULTS: Too scattered for meaningful results. Blocks may have been tumbled after cooling through Curie point. o direction shown

on map.

SAMPLE LOCALITY 29873: Middle Fork Camp Creek, Deschutes County, Oregon. Section 27, T19S R20E, 439549%, 119°18.8°'w.

AGE: Eocene or Oligocene, Walker et al (1967).
ROCK DESCRIPTION: Basalt flow in Clarmo formation.
STRUCTURE: Poor 5 to 10° east component of dip.

PALECMAGNETIC RESULTS: (Measured by W. L. Basham)

MEAN HMEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) {DEG.) N B (X) (DEG.) LAT. LONG. MIXED
N.R.M. ~11.0 216.1 k] 2.8 10.4 40.5 40.3s 170. 6w M
100 Oe. A.C. -42.0 216.1 3 2.8 10.5 40.1 54.18 171.5E R
. 200 Qe. A.C. -54.1 219.2 3 2.9 22.4 26.7 58.65 153.3E R
RESULTS: 39° clockeise rotatfon fs suggested since Eocene or Oligocene. Samples too few to average out secular varfation. Direction

is shown on map but no display shown here because N is s3all.



SAMPLE LOCALITY 29874: Pine Mountain, Deschutes County

AGE: Unknown.

ROCK DESCRIPTION: Vesicular basalt.
STRUCTURE: Approximately flat.

PALEOMAGNETIC RESULTS: (Measured by W. L. Basham)

MEAN MEAN

INC. DEC.
IREATMENT (DEG.) (DEG.) N
N.R.M. -27.0 219.6 3
100 Qe. A.C. -40.5 211.1 3
200 Qe. A.C. -49.8 201.4 3

About 21° of clockwise rotation since Miocene
variation.

RESULTS:

SAMPLE LOCALITY 29875: Pine Mountain, Deschutes County, ©

AGE: Tob, Pliocene, Walker, G. W., et al. (1967).
ROXX DESCRIPTION: Dense black basalr.
STRUCTURE: Approximately flat.
PALEOMAGNETIC RESULTS: (Measured by W. L. Basham)
MEAN MEAN
INC. DEC.
TREATMENT (DEG.) (DEG.) N
N-R.M. ~43.0 221.1 4
100 Oe. A.C. -50.6 207.7 4 N
200 Oe. A.C. -356.3 208.8 4 4.

RESULTS: A few degrees of clockwise rotation possibly are

6!

» Oregon.

Tvs, Miocene or Pliocene on map by Walker (1973).

Section 28, T20S RISE, 43%8.5'N, 120°56.2'W.

Agrees fairly well with locality 29875 in paleomagnetic direction.

probably would not average out secular varfatfon.

SAMPLE LOCALITY 29876: Gum Boot Canvon, Hamey County, Or

AGE: Tdo constdered Pliocene on Burns quadrangle map, Gre

be about 9 m.y. (late Miocene).

ROCK DESCRIPTION: White banded rhyolite flow.

STRUCTURE: Near horizontal.

PALEOMAGNETIC RESULTS: (Measured by W. L. Basham)

egon. Sectton 22

ene et al (1972).

PRECISION VIRTUAL VIRTUAL NORMAL
FACTOR ALPHA 95 POLF POLE REVERSE
R ) _(DEG.) LAT. LONG. MIXED
2.4 3.5 79.7 45.28 177.8E N
2.9 19.4 28.7 57.28 177.9€ R
3.0 89.0 13.1 68.55 179.7€ R
or Pliocene{?). Only three samples probably would not average out secular
A}
regon. Section 14, T20S RISE, IA]QSO.Z'S, 120953.6'w.
PRECISION VIRTUAL VIRTUAL NORMAL
FACTOR ALPHA 95 POLE POLE REVERSE
R (K} (DEG.) LAT. LONG. MIXED
9 25.0 18.7 S1.88 164.8E R
V] 207.0 L 64.98 169.5E R
0 245.3 5.9 67.15 156.86E R
fndicated. 200 Qe. A.C. demag vesults are shown on map. Only four sazples

T22S R27E, 43937.2'N, 119°28.0'%.

However, tost consistent K-Ar dates appear to

HE'A.\' MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG. ) (DEG.) b R (&) (DEG.) LAT. LONG. MIXED
N.R.ML -58.4 217.9 S 3.3 2.4 64.1 61.58 146.4E R
100 Qe. A.C. -62.0 117.9 5 4.6 10.1 25.3 88.45 46.4W R
200 Oe. A.C. -59.8 191.8 4 4.0 352.9 L0 80.8s 164.3E R

o
RESULTS: About 12 clockwise rotatfon fs suggested since late Miccene.

var{ation.

Only four samples

which night not average out secular



SAMPLE LOCALITY X877:

Ory Mountain, Harmey County, (regon.
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Sections 11 and l4, T22S R26E, 43°40.0'N, 119945.9'w.

'¢'° N

. A :

.¢.

*® 0P b
.
L]
.
»

Sehafdt steresnet displav, direction of magnetrration after 175 el ALC, dc.-ng.‘» » north ering pelarity dewnward and upward,
vespretively; A . Present corthesveking geermagnetic (feld direction in cast-central Bregon: . tip of arrow denoctes positicn of mean
north-seching sample points or reflected south=seching pointsy C denotes culled or rejected points deleted from final statistics.

AGE: 8.6: .5 z.v.
andesite.

K-Ar age froo upper unit. Tha on Burns quadrangle map. by Greene et al (1972}, listed as Miocene and Pliocene

ROCK DESCRIPTION: Blocky, dense to vesicular, fine-grained basalt or andesite.

430 feet of scctien measured, eight apparent flow units,
average thickness about 35 feet.

STRUCTLRE: Strike cast-west, 5 to 10 degrees north dip.
PALEOMAGNETIC RESULTS: (Measured by C. E. Helslev)
VEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT {BEG.) {JEG.) n R (K} {(NEG.) LAT. LONG- MIXED
N.R.M. -32.9 3041 13 5.5 1.5 53.9 10,08 113.5€ M
175 Oe. A.C. =-72.7 223.7 12 1.5 22.7 .3 59,58 105 6T R
RESULTS: All except one sample are reversed palecmagnetisz.  About 4% clockwise rotaticn suzpested since 3 wov.b,p.



SAMPLE LOCALITY 29878: Juntura, Malheur County, Oregon.

AGE: 14.5 m.y. K-Ar, Geochron. Tha, Miocene, on Burno Quadrangle Map, Creens ct al (1972).
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ROCK DESCRIPTION: Dark grey aphanitic basalt or andesite.

STRUCTURE: Approximately ecast-west strike, 12° north dip.

PALEOMAGNETIC RESULTS: (Mcasured by W. L. Basham)

MEAN MEAN

INC. DEC.
TREATMENT (DEG.) (DEC.)
N.R.M. -64.9 195.4
100 Qe. A.C. =41.0 182.5
200 Oe. A.C. -65.95 194.9

RESULTS: About 15 clockwise rotatien since 15 m.y.b.p.

here because of small N,

3

I=

4.0

3.0

Secelon 9, T21$ R3SE, 43°45.5

. 118%. 2%,

Shown on map.

PRECISTON VIRTUAL VIRTI'AL NORMAL
FACTOR ALPHA 99 POLF. FOLE REVERSE
(x) (DEG.) LAT. 1ONG. MIXED
534.4 3.2 78.85 130.9E R

9.7 42.4 69.65 124.6F R
424,32 1.9 78.98 146.4E R

Too few samples to average out secular variation.

Not shown



164

SAMPLE LOCALITY #2988l: Cartwright Canvon, Boise Countv, Idaho. Section 29, T6N RIF, 43950.1°N, 11697.49,
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SAMPLE LNCALITY 29882: S$quaw Creek, Gem County, 1daho. NE% Section 33, T1IN RIE, 44°14.7'N, 116°18.3'W.
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Schmidt stereonet display, direction of magnettzation after 175 Oe. A.C. demng.. north-seeking polarity dewnvard and upward,
respectively; A . present north-sceking geomagnetic field directien in east-central Oregon; . tip of arrow denotes position of mean
north-secking sample points or reflected south-serking points; C denotes culled or refected points deleted from final statistics.

AGE: Upper unft is 15.92 .9 a.y. K-Ar (saople 29884, Geochron Lab., measured 1972). 16.7: 2.5 m.v. in section equivalent to
lower unit (sample 29451, Geochron Lab., measured 1970).

ROCK DESCRIPTION: 900' of section measured but base not exposed. 13 flow unlts, thickest s 110'. Alternating dense and
vesicular basalt or andestte.

STRUCTURE: Strike S10E, dip 13° vest. Overlaps Idaho batholith intrusives three =iles to east.

PALEOMAGNETIC RESULTS: (Measured by C. E. Helsley)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL

DEC. INc. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT {DEG.) (DEG. h R {K) (DEG.) LAT. LONG. MIXED
N.R.M. 7.2 53.9 k1) 15.9 1.7 28.0 54.6% B4.SW M
175 Qe. A.C. 64,4 36.5 32 29.4 11.9 7.7 [ A 43.6W M (Display)

RESULTS: 16.5°9 rotaticn suggested since 16 m.yv.b.p. Polarity from top of sectivm is 12 samples reverse, 25 sasples nomal.



SAMPLE LOCALITY 29885:

Crane Creek, Washington County, Idaho.

Section 7, TLIN R3W,

44°18.2°'N, 116944.3'W.
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Solmide storeact desplav, direction of sagneticatics after 200 Oe. A.C. dt.-vr., ¢ norzh-seering polarity des
tosprctanel .opre<osr vortbescohlerp peominnetic ticld direction in east-centrs ey :4. tip of arrow denoty

north=seck =suching points; € denotes culled or rejected points deleted from final st

28 sample points or reflectod seutt

AGE: No age date but volcanics are Columbia River Basalt of Miocene age. Overlapped by Payette formation.

ROCK DESCRIPTION: Black fine-grained basalt. Central portion s vesicular.

STRUCTURE: Approximately flat.

PALEOMAGNETIC RESULTS: (Measured by W. L. Bashazm)

MEAN

MEAN

PRECISION VIRTUAL VIRTUAL NORMAL
INC. DEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT (DEG.) (DEG.) N R (X) (DEG.) LAT, LONG. MIXED
N.R.NM. -21.4 203.3 kr 14.9 1.8 27.9 51.28 155.0W M
100 Qe. A.C. -52.6 187.2 n 19.8 2.5 20.4 77.55 145.7W M (mostly R)
200 Oe. A.C. -63.0 180.4 32 0.0 15.2 6.7 89.7s 123.7E M (display)
RESULTS: Results suggest no rotation since Miocene. Uppermost four samples normal, rest are reversed.
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SAMPLE LOCALITY 19BB6: Grassy Mountain, near Owyhee Reservoir, Malheur County, Oregon. Section 11, T22S R44E, 43940.5'N, 117°17.6'W,
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Schaide sterecnet display, direction of magnetization after 175 Oe. A.C. demag. N , north-seeking polarity downward and upward,

respectively; A . present north-sceking geomagneric £ield direction in east-central Oregan;ﬁ. tip of arrow denotes position of mean
north-secking sazple points or reflected south-secking points; C denotes culled or rejected points deleted from final statistics.

AGE: Dates for Grassy Mountain Basalt are 7.3, 7.6 and 9.3 m.v. K-Ar from Geochron.
ROCK DESCRIPTION: Grassy Mountain Basalt. Overlies Owvhee Basalt.
STRUCTURE: Gentle.

PALEOMAGNETIC RESULTS:

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL

INC. DEC. FACTOR ALPHA 96 POLE POLE REVERSE
TREATMENT (DEG. (DEG.) b3 R (X) (DEG.) LAT. LONG. MIXED
N.R.M. 47.5 4.1 8 7.7 2.6 1.7 T4.6% 49.1F. N
175 Ce. A.C. 51,1 3.1 8 8.¢ 158.5 4ub 77.9% 50.1w N (Display)

RESULTS: Results suggest 30 clockwise rotation stnce 7 m.v.b.p. However, nuzber of samples (B) may be lnsufficient to average
out diurnal variation.



SAMPLE LQOCALITY 29887: Qwyhee Reservoir, Malheur County, Oregon. Sections 20 and 21, T22S R44E, 43°38.7'N, 117°920.6'W.
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Schrtde <tereenct display, dirvction of mapnetization after 125 nNe. A.C. demag. . north-sceking polariey downward and upvard,
respectively; . present north-sceking geemagnetic field direction in cast-central Qrego

+ tip of arrow denotes position of mean
north-sevking ~ample points or reflected south-secking points; € denotes culled or rejected points deleted from final statistics.

AGE: Various samples are 12.5, I4.5, 15,1, 15.2 m.v.b.p. K-Ar.
age. Average of & ages, 1.3 auv.

ROCK DESCRIPTL

Owyhee Basalt. Total of 1340 feet measured, total of 18 apparent flow units.

Alternating finely crystallire and
scoriaceous basalt or andesite.

lower 260 foot chick unit {s massive flow foliated rhvo-dacite. Twenty feet of
weathered cobble surface oa rhyo-dacite indicates erosion prior to Owvhee basalt deposition.
STRAUCILVRE: Gentle. Lower rhyo-dacite unit overlies tuffaceous sediment.

PALEOMAGNETIC RESULIS: (Measured by C. E. Helsley)

MEAN MEAN FRECISION VIRTUAL VIRTUAL NORMAL
INC. QEC. FACTOR ALPHA 95 POLE POLE REVERSE
TREATMENT {PEG.) (DEG.) N R x) (DEG. ) LAT, 10%C. MIXED
z
N.R.M. 70.1 7.5 28 2h 13.5 7.7 6N £7.0W N
175 Qe. A.C. 65.1 1e.1 27 6.6 1.0 3.3 68.6N 4w N (Display)

RESTLTS: 30° clockwise rotation since 14 m.v.b.p.

ARrees remarkably well with localtty bv-Watkins and Baksi (1974)
All samples normally magnetized.

five miles away.

watkins and Baksi (1974) have Smile distant locality with 13.5 a.v. K-Ar



SAMPLE LOCALLTY
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#29888: Squaw Butte, Owvhee County, ldaho. Sections 12813, T28 R%W, L)OXS.G'?:, 116952.9"%.

AGE:  Thought
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PALEOMAGNETIC RESULTS:
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SAMPLE LOCALITY 29890: Reynolds Creek, Ouyhee County, Idaho. Section 21, T2S R3W, 43914, 1°N, 116%1.2"wW.
N -

.?. 0.‘ ....

S ¢ ¥ c *.
. c ‘ .

.¢.

'y 3
- - -
. 3
- .
'Y L]
» - - - - L] - - - L4
° L]
- .
'Y .
- -
. .
- .
. -

- .
. . .
" .

- ¢ .

- -

- 3 .

. .

- 3
. -

- 3 .

- .

S - N
- .
. L3 o
- .
. L3
-

Sohmfde stere e dwsplay, drection of =y
fonpectaved resont noreh-s o chinp
nurth=oech ing

iratfon after 200 Oe. A.C. d(r‘1r.’. , northesceking polarity doinward and upward,
‘the fleld dircetion {n east-¢entral Uregons . tip of arrow deartes pesition of ncan

sample points or reflected scuth=scek{ng points; C denotes culled or rejected polnts deleted from final scatistics.

AGE: Equivalent to Columbia River or Steens Mountain Basalts, Tcr on Idaho State Geologic map, Ross, C.P., and Forrester, J. D., (1959).
Twenty miles to south, age 16.62 4 m.y. for lower basalt unit (Panze /1972/).

ROQX DESCRIPTION: Vesicular basalt. 800 feet of section, 27 samples. Individual units 20 to 130 feet thick.
STRUCTURE: Strike S30'E, dip 30° to west. Deposited unconformably on Cretaceous granitic rock.
'

PALEOMAGNETIC RESULTS: (Measured by W. L. Basham)

MEAN MEAN PRECISION VIRTUAL VIRTUAL NORMAL

INC. DEC. FACTOR ALPHA 95 POLE POLT REVERSE
TREATMENT (DEG.) (DEG. N R (K) (DEG.) LAT. LONG. MIXED
N.R.M. -56.5 Lod 27 13.7 2.0 28.3 SR 59.8E M
100 Ce. A.C. -65.6 6.8 27 12.0 1.7 32.0 1.28 58.7¢ M
200 Qe. A.C. -8l.4 130.3 16 15.6 39.7 5.9 52.1S . 42,38 R (Dtsplay)

RESULTS: 50° counterclockwise motion suggested since Miocene. This may be a local block rotated oppositely to most of the other volcanic
saople areas. Another possibility {s hydrothermal alteration associated with ore bearing fluids. More scatter is present than
for other volcanic arcas measured. Polarity from top to bottom {s 2 samples N, 3 samples R, 1 sample N, 20 samples R. Dip is
so steep that rotation may be highly tnaccurate.



