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ABSTRACT

A qualitative assessment of an asromagnetic survey flown
in May, 1977 over the Mount Hood area of Oregon indicates
that the aeromagnetic anomaly pattern is controlled to a
‘large extent by fhe topographic expression of the area's
highly magnetized Cenozoic volczanics.

Three-dimensional magnetic medeling of the Mount Hood
volecanic cone indicates that the main bulk of the cone, zbove
approximately 1650 meters elevation, is composed of magneti-
cally similar andesites. These andesites are magnet;zed‘in
a direction (I=80.0°, D=28.3°) close to that of the present
 earth's field (I=68.5°, D=20.3°), and with a magnetization
of 2.9~A/m. The chief exception to this is the remains of
the Sandy Glacier Volcano which outcrops on the northwest
slope of the Mount Hood cones Calculations show that this
old basaltic cone is magnetized with a direction approxi-
mately opposite to the presént Earth;s field and with a2 mag-
nitude of magnetization of 3.9 A/m.

The Sandy Glacier Vclcano comprises approximately one-
tenth of the tetal velume of the Mount Heod volcanic cone
above 1650 meters elevation. This result indicates that the
Sandy Glacier Volcano is probably much younger than the 3.2

million years previously suppcsed.
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INTRODUCTION

Mount Hood, located in north-central,Oregon (Fig. 1),
is a Late Pleistocene to Recent volcanic cone rising 2500
meters above the surrounding terrain, to an elevation of
3424 meters above mean sea level. It is one in a series of
15 andesitic stratocone volcanos in the Cascade Range
stretching from Mount Garibaldi, British Columbia, in the
north to Lassen Peak, California,in the south.

Mount Hobd has been chosen by the United States Geo-
logical Survey (USGS) as an area for studying the geother-
mal potential of these Cascade volcanos and as such has
been the site of intensive geologic, geochemical, and
geophysical investigations. This geophysical investigation
was based on an aeromagnetic survey flown in May 1977 by a
private contractor for the USGS. |

The main goals of this study are: first, to gain a
better understanding of the geologic structure of Mount
Hood and the surrounding survey area; and second, to assist
in locating potential geothermal drill sites.

The geologic units in the area consist mainly of Ceno-
zoic extrusive volcanics whose high remnant magnetizations,

combined with the region's high topographic relief, account

for most of the short-wavelength, high-amplitude anomalies
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which are evident on the magnetic contour maps. To better
identify the relationships between topography, geology, and
magnetic anomalies two studies were undertaken. First, the
data was filtered to produce 'upward continued' and
'reduced-to-the-pole’ magnetic contour maps of the area.
Second, field work was done which consisted of polarity
measurements and collection of rbck sampleé in the field.
The collected samples were analyzed in the lab for magnetic
susceptibility and remnant magnetization.

In the next phase of the investigation a magnetic model
was constructed for the Mount Hood volcanic cone using
Plouff's (1975) adaptation of Talwani's (1965) three-
dimensional meodeling program. Initially, a best-fit mag-
netization vector was found for the entire mountain by a
least-squares comparison between the observed magnetic
anomaly and the dimensionless calculated anomaly. The
determiﬂétion of the best-fit vector was based on the
assumptions that the direction and the intensity of magneti-
zation of the mountain is constant. The least-squares fit
yields a residual baced on the comparisoh,of the observed
field and a field resulting from the mountain being mag-
netized with the intensity and direction of the calculated
best-fit magnetization vector. The residual was used as a

basis for constructing a series of magnetic models of the
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mountain using a combination of the .forward and inverse
least-squares calculation routines. The development of the
refined magnetic models was controlled by the results: of
the laboratory analyses on rock specimens.from the mountain
and by the geologic anaiysis.of Wise (1969).

This thesis uses International System (SI) units.
The relaticn between units in the cgs and SI systems are:
for magnetization, 1.0 emu/cm3 = 1000 amperes/ﬁeter (A/h):
for susceptibility, 1.0 emu = 1/4x SI units (dimension-
less); and for'magnetic field strength, 1.0 gamma = 1.0

nanotesla (nT).:
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GEOLOGY

Mount Hood is a recent volcanic cone chiefly composed
of andesitic lavas, interlayered with andesitic pyroclastic
material. The mountain and surrounding area are underlain
by the Yakima Basalt, the volcanoclastic and epiclastic de-
bris of the Dalles and Rhododendron Formations, and the lavas
from various Pliocene vents (Wise, 1977).

Except where otherwise cited, the following geologic
descriptions are‘a‘summary of Wise's study (19692, 38 p.,

Plate 1).

Late Miocens Deposits

There are two basic types of Late Miocene deposits in
the region: basalts, which probably underlie the entire
area and clastic debris, which overlies the basalt in the

southwest and northeast.

Yakima Basalt

The Yakima Basélt, which is the study area's represent-
ative formation of the Columbia River Group basalt flows,
is regarded as Middle to Late Miocene in age. It is a low-
alumina,‘high-iron bacalt containing little or no olivine
and moderate amounts of glass.

Two possibilities for the distribution of the Yakima
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Basalt in the Mount Hood area have been suggested. Wise
reports that he finds nothing to refute the suggestion that
the entire study area is underlain by the Yakima Basalt.
However, others have suggested that the area directly
beneath Mount Hood was never covered by the basalt as it
may have been an area of high topographic relief at the
time of emplacement of the Yakima 2asalt. This second
possibility seems unlikely in light of recent drilling,:
during which the Yakima Basalt has been encountered, at'

01d Maid Flats west of Mount Hood.

Rhododendron Formation

The Rheododendron Formation, which overlies the Yakima
Basalt in the southwest part of the'survey area, is a
sequencé of conglomerates and agglomerates with interbedded
andesite flows. The Rhododendron Formation reaches its
greatest known thickness of 430 meters at Zigzag Mountain
west of Mount Hood. It thins to the south near the Salmon
River Canyon, to the north near Bull Run Canyon, to the-
east near Barlow Creek, and probably under Mount Hood
(Wise, 1977).

The Rhododendron Formation of Upper Miocene or Lower
Pliocene age can be petrologically divided into.two main
occurences. First, there are unaltered andesitic lava

flows which occur near the top of the section at Zigzag



T-2168 72

Mountain. Second, there is the volcanoclastic debris which
comprises the bulk of the formation. About a third of the
volcanoclastic debris is epiclastic mudstones, sandstones,
and conglomerates. Another third is pyroclastic tuffs,
lapillistones and tuff-breccias. ' The final third is grada-

tional between the conglomerates and mudflow-breccias.

Dalles Formation

In the northeast, the Yakima Basalt is overlain by the
conglomerates, breccias, and interbedded flows of the
Dalles Formation, which is contemporaneous with the Rhodo-
dendrpn Formation to ihe southwest. The Dalles Formation
reaches its greatest known thickness of 370 meters east of
the Hood River Valley and thins to the south under Lookout
Mountain, to the west in the valley of the West Fork of the
Hood River and probably under Mount Hood (Wise, 1977).

The Dalles Formation is predominantly epiclastic vol-

- canic boulder-conglomerates and sandstones. However, the
formation also contains several layers of unstratified tuff-
brecciés similar to those found in the Rhocdodendron Forma-
tion. Two flows of hornblende andesite and pyroxene

andesite occur near the top of the formation.
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Pliocene Deposits

Approximately 210 cubic kilometers of Early Pliocene
deposits overlie. the survey area. ‘These deposits consist
of pyroxene andesites with some intermixed olivine basalts,
tuffs, and breccias. At least one granitic intrusion of
Early Pliocene age outcrops in the southwest.

During the Late Pliocene as much as 42 cubic kilo-
meters of lava was erupted to the southeast and west of
Mount Hood. These lavas range from olivine basalt to horn-
blende dacite, but are about 80 percent andesite.

In the;northeast,_at the southern end of the Hood
River Valley there are several Early Pliocene deposits of
pyroxene andesite. The flows which make up these deposits
"came from a volcano of which Shellrock Mountain remains as
a plug. These lavas which contain some interbedded
breccias may also underlie much of the northeast flank of
Mount Hood.

North of Mount Hood, in the vicinity of Blue Ridge the
Dalles Formation is overlain by olivine basalt la&as of
Early Pliocene age. These lavas are in turn overlain by
seemingly unrelated andesites of Early to Middle Plioccene
age.

A major volcanic center near the present site of

Barlow Ridge deposited interbedded flows, breccias, and
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dikes of andesite over a large portion of the survey area
south of Mount Hood. These Early Pliocene andesites make
up Barlow Ridge in its entirety and underlie the area
extending from the Salmon River on the west to Bonney Butte
on the east and at least as far north as Bénnett Pass.

An estimated 34 to 42 cubic kilometers of lava erupted
from this voleanic center. Apﬁroximétely 10 percent of the
flows are basalts. The remainder of the lavas are pyroxene
andesites with a few hornblende dacites. All of the flows
and breccias outcropping in the area exhibit some alter-
ation.

Badger Butte, to the socutheast of Mount Hood, is
located at the center of a series of Late Pliocene flows
that are»expoéed in the surrounding canyons. Similar
exposures are found on the flanks of Bonney Butte, Lookout-
Mountain, Bluegrass Ridge and the east flank of Mount Hocd.
The flows sequentially consist of olivine andesites at the
lowest exposure north of Badger Lake to andesites contain-
ing less olivine and more pyroxene at the highest exposure
near Bonney Butte.

The sequence near Gunsight Butte is overlain by flows
which emerged from near'Bonney Butte. These flows, which
form the top of the ridge from Badger Butte northward for

several kilometers are composed of olivine basalts and
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olivine andesites.

Two Early Pliocene intrusions are exposed southwest of
Mount Hood. The'Laurel Hill Intrusion outcrops in a small
area centered'at Laurel Hill just to the north of Tom Dick
Mountain. The Still Creek Intrusion outcrops along the
base of the Still Creek Valley on the south flank of Tom
Dick Mountain.

Both intrusions are porphyritic quartz diorite to
quartz monzonite. There is evidence to suggest that the
intrusions are linked to.a single, larger pluton of which
these exposures are only the eroded upper sections.

Tom Dick Mountain is capped by olivine andesite and
pyroxene andesite flows of Late Pliocene age. These flows
lie over metamorphosed tuffs and lavas and possibly on the
Still Creek Intrusive. The andesite flows are up to 300
meters thick and seem to be genetically related to the
lavas on the west side of Mud Creek Ridge.

On Zigzag Mountain, west of Mount Hood, the Rhodo-
dendron Formation is overlain by 760 meters of Eafly Plio-
cene pyroxene andesites and interflow tuffs. The approxi-
mately 100 cubic kilometers of andesites can be traced
discontinuously from the north side of Lost Lake south to
Tom Dick Mountain. The flows seem to have originated from

five stocks; three on the south slope of Zigzag Mountain
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and two along the Sandy River Canyon to the north.

On the top of Zigzag ™Mountain, the pyroxene andesites
are overlain by approximately 100 meters of Late Pliocene
olivine basalt flows with interbedded tuffaceous debris.
One large andesite flow originated from a vent on the
eastern end of the mountain and flowed southwest down an
0ld canyon-cut into the olivine basalts.

A string of Late Pliocene, olivine basalt and olivine
andesite flows stretch from the northwest corner of Mount
Hood, northwest past Bull Run Lake. The flows, which
account for 633 cubic kilometers of lava, geﬁerally form a
series about 250 meters thick. Individual flows such as
the olivine andesite that underlies Hiyu Mountain are as
much as 90 meters thick.

The base of the Sandy Glacier, on the western flank of
Mount Hood, is the scene of a series of steep exposures of
flows and tuffs. Flows less than three meters thick alter-
nate with tﬁffs and agglomeritic breccias overlying the
lowest flows of altered olivine basalt. The total thick-
ness is over 900 meters and the flows are interpreted as
the remains of a large Late Pliocene volcano that first

erupted olivine basalt, then pyroxene andesite.
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Quaternary Deposi'ts

The most extensive Quaternary deposits are those that
comprise the bulk of the Mount Hood volcano. However, many:
of the other landforms, although affected by Fraser Glacia-
tion (15000 years before present), are the result of
Quaternary volcanos and flows. The Qﬁaternary flows range
from olivine basalt to pyroxene andesite and hornblende

dacite.

Qutlving Deposits

Northeast of Mount Hood at the edge of the survey area
are two large domes known as the Mill Creek Buttes. The
flows that originated from the domes are 150 to 250 meters
thick and cover the area between the buttes and the present
site of the East Fofk of the Hood River. Large amounts of
hornblende-bearing pumice is found bofh underlying and
between the flows which are composed of hornblende dacite.

From the south flank of Lookout Mountain, to Grass-
hopper Point, the ridges and mountains are capped by a
series of related flows. The flows, which are as much as
15 meters:thick. are composed of olivine basalt and olivine
andesite. The vents from which the flows originated are
easily located as red, remnant cinder cones.

A series of flows comprising about 1.3 cubic kilo-

meters of lava originated along the top of Blue Ridge north-
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of Mount Hood. The flows, which emerged from at least
eight separate vents, are composed of olivine basalt,
olivine andesite and aphanitic andesite.

Lost Lake Butte is a large volcanic butte located
northeast of Lost Lake at the edge of the survey area. The
flows from this butte were olijine andesite and contributed
a volume of 31.5 cubic kilometers of lava. The last flow
cut across a gap in Butcher Knife Ridge and flowed east
into the valley of the West Fork of the Hood River.

South of Lost Lake and a few kilometers west of Lolo
Pass there are three small patches of hornblende andesite.
These andesites are the remnants of flows originating from
two plugs that have been uncovered by a tributary of Clear

Fork.

Mount Hood Volcano

The Mount Hood volcanc, located in the center of the
survey area is composed of nearly 190 cubic kilometers of
flows and pyroclastic debris. Debris eroded from fhe cone
is found in all of the valleys draining from the mountain
and is chiefly due to the erosion of the Fraser Glaciation
period.

The Mount Hoodvolcanic cone can be divided into four
major units. The first unit which accounts for the bulk

of the volcano is marked by two distinctive types of
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deposits. The first type of deposit is long intracanyon
flows of pyroxene andesite, 10-13 kilometers in length,
which comprise most of the volcano below 2400 meters
elevation.. Single flows of this type were as large as 2.1
cubic kilometers and filled canyons radiating from the
mountain to depths of 150 to 180 meters. The projection of
these flows back toward the ceﬁter of the mountain indicate
that they are the result of the volcano while its vent was
still at or below 2450 meters elevation. The second type
of depcsit consists of thin pyroxene andesite flows and
interbedded clastic debris and comprises the upper portion
of the mountain. These deposits were mostly small flows
that spread out over the steep sides of the cone as it grew
from an elevation of 2400 meters to almost 3660 meters.
However, there are at least two thick flows originating
from vents well over 2460 meters in elevation.

The second unit consists of olivine andesite erupted
from satellite cones. These satellite cones, The Pinnacle,
on the north slope, and Cloud Cap, on the northeast slope
of the mountain are sources of pre-glacial olivine andesite
flows that are in excess- of 15000 years old (White, 1978).

The third unit consists of a large hornblende-dacite
plug-dome, near the summit of the mountain, and its associ=-

ated pyroclastic debris which litters the southwest slope
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of the volcano. This plug-dome, of which Crater Rock
remains as a remnant, was extruded following a long period
of little activity during which the volcano was glaciated.
The fourth and final unit consists of debris from
several dacite block and ash flows which occured over the
last two thousand years. The Timberline flow which came
down the south slope of the mountain{(1709 years beforé
present) and the 01d Maid Flat flow (200-250 years before
present) are two documented flows (White, 1978). However,
there may have been other eruptions as recently as the late.

1800°'s.
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THE AEROMAGNETIC DATA

The aeromagnetic survey covers an area (Plate 1a) of
approximately 1750 square kilometers between 45°11' and
45034 north latitude and 121°23' and 122°00' west longitude.
The survey was flown in two parts. The first part (low-
level), flown at about 2134 meters barcmetric elevation,
ccvers the flanks of the mountain and surrounding areas
(Fig., 2, Plate 2). The second part (high-level), flown at
about 4267 meters barcmetric elevation, covers an area of
approximately 228 square kilometers centered over the peak
of the mountain (Fig. 3, Plate 3). The survey was flown east-
west at aprroximately one-mile line spacings. Two tie-lines,
one east and one west of the mountain, were flown north-

south at 2134 meters elevation.

%7 Data Processing

The contractor prepared the total-field flight-line
file from the raw digitized flight-line data by:
1. editing obvious random errors,
2. removing temporal variations of the magnetic field
based on a continuously monitored ground magnetometer,
3. correlating the flight-lines with topographic maps

via air photos,
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Kilometers

Figure 2. Thé low-lével aeromagnetic survey of the flanks .

. of- Mount ﬂoodiand the surrounding area.
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and 4. adjusting flight-lines and tie-lines to agree.
The total-field flight-line file was then prepared for
creating contour maps for analysis by:
1. gridding the total-field magnetic values, by mini-
mum curvature methods, onto an evenly spaced, 0.8
kilometer grid,
and 2. removing a quadratic apprnximation of the Inter-

"national Geomagnetic Reference Field (IGRF), updated
to June.1977.

It should be noted that the data file resulting from
the above processing was used only for producing contour
maps for a qualitative analysis of the study area and not
as input to the modeling routine.. The input data for the
modeling program need not be gridded, and therefore, the
contractor's flight-line file was processed differently for
input to the modeling routine (see Modeling Program Input,

page 44).

Transformations of the Aeromagnetic Data

To further the qualitative analysis of the data a
number of transformations were performed on both the high-
and low-level data sets. One suchftransformation was the
upward con@inuation of the low-level data set to the same
elevation as the high-level data set. The upward continued

low-level data was then integrated with the high-level data
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to create a continuous data set at an elevation of L4267
meters. Finally both the low-level and integrated data sets

were reduced-to-the-pole.

Upward Continuation

To eliminate the effects of near-surface, high-
amplitude and short-wavelength anomalies and to assist in
the production of an integrated aeromagnetic map the low-
level survey data was upward continued to an elevation of
4267 meters using the USGS program "CONVER" (Hildebrand,
1978) . “CONVER" employs the use of the discrete, Fourier
tranéform method discussed by Fuller (1967) and Lourenco
(1972). Initially, the space-domain, two-dimensional gridded
data set is transformed into the frequency domain via the
fast Fourier transform. The resulting Fourier spectrum is
then multiplied by the coefficients of the appropriate digi-
tal filter (in this case the upward continuation coefficients).
Lastly, the product of the filter response and data spectrum
is inversely transformed to obtain a filtered map in the
space domaine

The upward continued map (Fig. 4, Plate 4) that results
from this transformation is a representation of how the aero-
magnetics over the survey area would appear if measured at an

elevation of 4267 meters.
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Kilometers -

Figure ly. The upward;continued version of. the ldwflevel

aeromagnetic survey.
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Integration

Following the ﬁpward‘continuation of the low-level aero-
magnetic survey the upward continued data was combined with
the high-level data into a single complete map (Fig. 5,
Plate 5) at an elevation of 4267 meters above mean sea level.
The process of combining the two data sets is referred to as
integratinon,

Before performing the integration, the upward continued
déta,near the hole due to the missing low-level data, was
visually compared to the overlap of the high-level data to
check on agreement between the two data sets. A constant 20
nT was added to the low~1evel upward continued data based on
the'inspection.

To perform the integration, the two original data sets
must be gridded on the same grid lines and projected with the
‘'same base-latitude and central meridian. A second qualifica-
tion is that the data set to be inserted has the same dimen-
sions as the hole in which it is to be inserted. Thus, the
border of the high-level data set was removed to réduce it
to the same size as the hole in the upward continued data.

The data sets are then combined and the resulting inte-
grated map is contoured and inspected to determine if smooth-
ing is required along the border of the inserted data. 1In

the present case smoothing was required along the southern
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edge of the inserted data. Since the high-level data is real
and the low-level data is the result of the upward continua-
tion orerator two rows of points were removed from the

upward continued data along the south edge of the inserted
high-level data. The hole created by the removal of these
points was then smoothed over by creating new grid points,
based on the surrounding data, using the minimum curvature
gridding routine (Webring, 1978). The smocothed grid was

then contoured to produce the final integrated map (Fig. 5,

Plate 5).

Reduction-to~the-Pole

To better identify the causitive bodies of the various
magnetic anomalies the low-level and integrated high-level
aeromagnetic data sets were reduced-to-the-pole via "CONVER"
(Fig. 6 and 7, Plates 6 and 7). The purpose of this trans-
formation is to reduce the effects due to non-vertical rock-
polarity and magnetic field vectors. The effect of non-: -
vertical magnetic vectors, on the anomaly resulting from a
magnetized body, is to distort the size, shape, and position
of the anomaly and thus, make interpretation more difficult.

Reduction~to-the-pole (Lourenco, 1972) is a mathematical
technique to transform the observed magnetic anomaly values
into the values that would be observed if the same body was

located at the magnetic pole and had a vertical magnetization
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vector. Theoreticélly, a symmetrical body would, following
reductionnto-thefpole,vexhibit a symmetrical anomaly centered
over the Centroid.of the bedy as in the gravity case.

Although this process may give us further insight into
the location and extent of various anomalies it cannot be
relied upon exclusively since intrinsic to the theory is the
assumpticn that all of the bodies in the zarea to be reduced
have directionally identical magnetization vectors.

In the case of the Mount Hood aerscmagnetics, laboratory
and field polarity results indicate that a large percentage
of the rocks have polarity vectors either close to the direc-.
tion,nf.the Earth's field or directly opposed to the direction
of the Earth's field. Thus, the reduction-to-the-pole was
done using the assumption that the entire area has magneti-
zation vectors which are in the direction of the Earth's pre-
sent field. The effect of the‘assigning of a normal polarity
vector to the entire area has on the reversed polarity out-
crops is that they appear as if they had a -90° inclination
rather than the 90° inclination that would result'from>true
reduction-to-the-pole. Our results are thus more advanta-
geous for interpretation since all.the}anomalies are now
located over the causitive bodies and the anomalies resulting

from the reversed polarity rocks are magnetic lows.
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LABORATORY AND FIELD WORK

To assist in the qualitative analysis of the low-level
aeromagnetics and to establish additional constraints on
the quantitative modeling of the Mount Hood cone anomaly,
rock samples were collected for laboratory studies of
magnetic susceptibility and natural remnant magnetization
(NRM). Field polarity measurements were made on 30 samples.,
Laboratory studies to determine NRM and susceptibility.. -
were done én 70 samples including 47 for which no field

polarity was found.

Measurement of Remnant Magnetization and Susceptibility

Measurementsvto determine the NRM were made using a
Schonstedt model SSM-1A spinner magnetometer. Each core
was spun twice in three-orthogonal directions and the
results averaged to obtain the magnitude of the magnetic
moment. The total magnetization vector was found for cases
in which the cores were oriented. .

Demagnetization experiments to eliminate the effects
of low-relaxation time remnance, such as that due to light-
ning strikes, were done using a Schonstedt model GSD-1 AC-
demagnetizer. In all the experiments the demagnetizing

field decay rate was set at 5000 nT (50 millioersteds) per -.
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half cycle. The field was varied between 10 and 60 milli-

teslas (100 and 600 ocersteds). After each demagnetization

the core was again spun on the spinner magnhetometer and the

magnetization vector compared to the preVious results. The

process was repeated until a stable direction was obtained.
The susceptibility of each of the 70 samples was

determined using a Bison model 2101A suscoptibility bridge.
=) J

Analysis of Resnults

The results of the laboratory measurements were ana-
lyzed statistically. Average values for susceptibility
and remnance were found and when appropriate the standard
error of the mean is stated. The standard error of the

mean (s) is found from:

> X, . - (= Xi)z

S= T

-1

where x; is the ith measured value,
and n is the number of measurements.
‘The laboratory analysis of magnetization and suscep-
tibility indicated a number of significant variations in the
magnetic properties of the rocks comprising Mount Hood énd

the surrounding area. The results of 20 samples of Mount'
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Hood andesites, both flows and pyroclastics, analyzed for
susceptibility and remnant magnetization are found in Table 1.
Excepting 3 samples (18, 43 and 62) which showed unusually
high values of remnant magnetization‘the average susceptibilit&
(k) was 1.7 x 10-2 £ o.7 x 10=2 SI units and the average rem-
nant magnetization (Jr) Was 2.1t1.1 A/m. These values are
comparable to those at Mount Shasta.where the average remnant
magnetization was found to be 2.0 A/m (Blakely and Christian-
sen, 1978) .

Two distinct areas of the Mount Hood cone have magnetic
properties which are not in agreement with the general .
characteristics indicated above. An analysis of 4 samples
from the crater area near‘the summit of the mountain (Table 2)
indicates an:average remnant magnetization‘of 13.66 ? 8.6 A/m
and a Koenigsberger (Q) ratio of 32.4.

At least two points should be made in regard to the
crater area rocks. First, these rocks which exhibit the
highest remnant magnetizations in the survey aréa,may be
dacites. Second, they are almost cerfainly magnetized in the
direction of the Earth's present maghetic field since the
crater area représents.tﬁe late stage outpourings of the
volcano.

The second area of disagreement is the Sandy Glacier
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TABLE 1
Laborafory Results on Mount Hood Andesites

Sample Location k x 10-2  Jr I D Q
18 Timberline "0.79 7.26 - - 21 .4
19 Timberline 1.75 2.08 83.2 -=71.5 2.8
21 Timberline 1.78 1.55 64.6 170.0 2.0
38 Cloud Cap 2.01 2.87 70.8 L.,6 3.3
Lo Cloud Cap 3.12 1.55 63.9 8.1 1.2
41 Cloud Cap 2.01 1.27 - - 1.5
43 Cloud Cap 0.35 7.74 - - 51.2
45 Cloud Cap 0.50 0.94 53.9 -2.1 L.4
46 Cloud Cap 1.36 4,01 78.0 =-33.3 6.8
47 Cathedral Ridge 1.76 1.67 - - 2.2
49 Cathedral Ridge 1.23 3.75 - - 7.1
50 Mississippi Head 2.31 2.21 - - 2.2
51 Barrett Spur 1.83 3.25 - - 4.1
6la Hood Meadows 2.07 0.60 - - 0.7
61b Hood Meadows 0.34 1.08 - - 7¢3
62 Hood Meadows 1.43 18.30 - —- 29.8
64  Hood Meadows 1.89 4,28 - - 5.3
65 Hood Meadows 1.85 1.22 - - 1.5
67 Hood Meadows 1.53 1.74 61.4 3.4 2.6
68 Hood Meadows 0.92 1.46 52.3 6.0 3.7

Avg. w/o 18, 43, 62 1.66 2.09 2.9
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TABLE 2

Laboratory Results on Crater Aréa‘RcéKSZ

Sample Location k x 10=2  Jr I D Q
102 Crater Area 1.59  22.76 - - 33.3
103 Crater Area 1.04 19.29 - - 43,0
105 Crater Area 0.29 674 - - 54,3
106 Crater Area 1.00 5.84 - - 13.7

Average 0398 13.66 | 32.4

Volcano which is exposed on the northwest flank of Mount
Hood. An analysis of 6 samples (excluding sample E) from
this area (Table 3) show an average remnant magnétization
of 0.42 % 0.14 A/m and a Q ratio of 0.5. Of even more
importance is that these 6 samples have magnetization
directions which indicate that part of this volcano is
reversely magnetized. Therefore, the total magnetization
cannot be found without taking into account the directions
of magnetization. If these rocks were all normally mag-
netized in the direction of the Earth's field the value:.
of the total magnetization would be 1.3 A/m, which is still
well below the average for the Mount Hood andesites. How-
ever, if the entire volcano were reversely magnetized the
value would be 0.48 A/m. The actual value prcbably lies

somewhere between these two values.
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TABLE 3
Laboratory Results on the Sandy Glacier Volcano
Sample k x 102 Jr I D Q

A 1.88 0.52 - - 0.6
B 2.12 0,58 37.4 -155.8 0.6
D 2.33  0.45 77.9 -22.1 0.5
2 2,13 5,40 69.2 20.5 5.0
F 2.27 0.19 =75.2 94.9 0.2
G 1.62  0.42 -18.1 -164.4 0.6
H _ 2.39 0.34 -40.6 -159.,6 0.3
CAvg. w/o E 2.10 0.42 0.5

Another area which yielded interesting laboratoryrren
sults was east of Mount Hood near Dog River Springs
(Table 4); The average susceptibility of 0.20 x 10-2 %
0.15 x 10~2 SI units for the 3 samples from this area was
the lowest in the survey area. The average remnant mag-

¥ 2.8 A/m yielded an average Q ratio of

netization of 2.9
34.4. The total magnetization would be 3.0 A/m if the
rocks are normally magnetized but more important (upon
examination of the aeromagnetic contour map, Figure 2) the
total magnetization could be as much as 2.8 A/m in the
direction opposite to the Earth's field if the rocks are

reversely magnetized. Since no outcrops could be found in

the area the analysis was based on float and thus, there
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was no opportunity to ascertain the remnant direction.

TABLE &4

Laboratory Results on Basalts from Dog River Springs

Sample k x 102 Jr I D Q
25 0.37 6.10 - - 38.4
52 0.12 1.12 - - 22.6
53 0.10 1.46 - - 33.0

Average 0.20 2.89 34 .4

The results of laboratory measurements on samples from
other localities are found in Table 5. Where appropriate
these results are referred to in the next section on quali-
tative analysis. However, only one or two samples per
'locality and a lack of infcrmation on the directions of
magnetizations restrict the ability to draw firm conclu-
sions from this data.

It should be noted that the laboratory results are
based solely on surface outcrops and float and as such may
not represent the bulk properties of fhe rocks*cbmprising

the mountain or surrounding areas.
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‘TABLE 5
Léboratory Results on:Rock Sampies

Sample Location k x 10-2 Jr I D Q
2 Laurel Hill 2.75  0.73 - - 0.6

3 Still Creek " 3.81 0.21 -49.,3 21.7 -
L Still Creek 0.09  0.025 - - 0.6
5 Tom Dick Mountain 2.07  0.95 = - 1.
7 Tom Dick Mountain 1.82 0.32 - - 0.4
8 Tom Dick Mountain 0.7i 0.50 - - 1.6
9 Lost Lake Butte 0.12 3.81 - - 73
10 Lost Lake Butte 1.69 3.46 - - 4.8
12 Red Hill 2.02 4,27 - - 4,9
13 Red Hill 0.96 0.83 - - 2.0
14 Bear Creek 1.02 4,96 - - 11.3
15 Bear Creek 1.77 1.21 72.3 -82.5 1.6
16  .Cooper Spur - 1.32 1.05 64.3 33.5 1.9
17 Cooper Spur - 1;36 2.11 - - 3.6
22 Windy Fork 1.71 1.94 70.6 -3.5 2.6
23 Windy Fork 2.50 1.56 -40.0 165.9 1.5
27  Robinhood 4,93  1.93 - - 0.9
29 Mill Creek Buttes 0.29 1.29 - - 10.4
30 Mill Creek Buttes 0.70 0.16 =50.2 ~167.4 0.7
31 Mill Creek Buttes 0.97  0.10 - - 0.2
32 Zigzag Mountain 1.69 2.02 69.3 14.4 2.8
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TABLE 5 (cont,)

Sample Location k # 10-2  Jr I D_ Q
33 Zigzag Mountain 2.22 1.98 74.6 15.5 2.1
34 Grasshopper Pt. 1.08 11.82 - - 25.5
42 Cooper Spur 2.06 1.69 - - 1.9
55 Bonney Butte 1.38 5.85 - - 9.8
56 Bonney Butte 1.43 7.76 - - 12.6
57 .-Cloud Cap: - 1.87 3.22 73.5 ~-9.5 4.0
58 “Cleoud Cap - 1.16 0.76 - - 1.5
59 "Cloud Cap - 1.24 1.34 - - 2.5
60 ~ Cloud Cap 0.51 10.06 - - k5.9
69 “Pinnacle 0.68 1.70 52.0 3.0 5.8
71 ' Pinnacle - 2.05 23.69 44,3 127.8 26.9
72 Red Hill 2.19 1.27 »72.1 -48.3 1.4
35 Bluegrass Ridge 1.33 0.96 9.4 -138.3 -
36 Bluegrass Ridge 1.61 0.15 -60.4 -169.8 0.2
37 Bluegrass Ridge 2.63 0.97 53.8 -175.1 -
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QUALITATIVE ANALYSIS

Many of the anomalies seen on the aeromagnetic maps
are associated with, and may be in a large part due to,
topographic and surface geologic features. One of the main
reasons for producing reduced-to-the-pole and upward contin-
ued contour maps from the original data was to make evident
these relationships between the magnetic anomalies, topogra~
phy, and geology.

This qualitative analysis was accomplished by a com-
parison of the various magnetic maps, Wise's (1969) discus-
sion and geologic map, and the topographic maps of the
region. Further assistance was obtained from the results
of field observations of magnetic pclarities and laboratory
analyses of therremnant’magnetization,and magnetic suscep-
tibility.

For the most part the results contained herein are
the most obvious and. the“least complicated explanations. ...
However, without more extensive field observations and con-
sidering the non-unique nature of potential fields a more
complex analysis is not warranted and is beyond the scope
of this thesis.

Southwest of Mount Hood, at Tom Dick Mountéin, there

is a magnetic low of =257 nT! (Fig.-2, Plate 2).
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The magnetic low is probably the result of two factors:
first, the mountain is capped by reversely polarized Late
Pliocene Volcanics and second, the mountain is underlain
by the only known silicic.'intrusive in' the ‘area, Ini<-
tially it was thought that the low magnetic susceptibility
and remnance of the intrusive,.with respect to the extru-
sive basalts and andesites, and its' large size were good
explanations for the negative-sign and long-wavelength of
the anomaly. However, the few measurements of magnetic
properties that are available (Table 5, samples 2 and 3)
indicate that the susceptibility is approximately twice

as high (3.28 x 10-2 SI units) as the Mount Hood andesites
Therefore to explain the anomaly by a variance in total
magnetization from the surrounding rocks the remnant com-
ponent must be reversed. Although no.lab results of the
remnant direction are available, reversed polarity is quite
possible since the pluton is Early Plioccene in age.

The supposition that the anomaly at Tom Dick Mountainh
is caused by a body of large dimensiocns (i.e. the granitic
intrusive) is supported by the anomaly's appearance on the
'upward continued version of the aeromagnetics. Since up-
ward continuation acts as a low-pass filter we would expect

that only the larger-scale features would be preserved.

Northwest of Mount Hood, at Lost Lake Butte, a



T-2168 39

magnetic high of 601 nT (Fig.2, Plate 2) is most likely
the result of the large quantity of normally rolarized
blivine andesite of which the butte is composed. The ex-
tremely high-amplitude anomaly probably is the result of

the rocks which comprise this butte having higher remnant

magnetization (3.64 A/m versus 2.1 A/m for Mount Hood an-

9 and 10).

Magnetic lews of 311 nT, z2nd 240 nT occur east and
southeast of Mount Hood over Bluegrass Ridge and Gunsight
Butte respectively (Fig.,2, Plate 2). These lows can best
be explained by the reversely magnetized Late Pliocene
Volcanics which éap both Bluegrass Ridge and Gunsight Butte.

‘The high-amplitude (=617 nT), short-wavelength nega-
tive anomaly at Dog River Springs, east of Mount Hood,
(Fig. 2, Plate 2) is not'easily explained in terms of topo-
graphy or surface geology. The lack of outcrops in the
area forced the use of float as samplés for laﬁoratory ana-
lysis. The results of this analysis (Table &) were very
distinctive, the samples having very low suéceptibilities
(0.15 x 10-2 SI units) and high remriance (2.9 A/m).  As~
suming the remnance is reversed the anomaly is easily
explainable due to a near-surface concentration of these

types of rocks. These rocks, which are red in color, may
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be part of one of the Quaternary vents that Wise (1969)
identifies as old.buried red cinder cones between the Dog
River Canyon and Grasshopper Point or a buried vent of the
same type.

The laboratory results on the one sample collected at
Grasshopper Point (Table 5, sample 34) are comparable to
those at Dog River Snrings. The sample having low sus-
ceptibility (1.08 x 10-2 SI units) and high remnance (11.82
A/m). These laboratcry results and the magnetic low of
-243 nT which occurs over Grasshopper Point indicate that
these old Quaternary cones are composed chiefly of rocks
with high reversed remnant magnetizations giving rise to
high-amplitude, short-wavelength ancmalies on the low
altitude aeromagnetic map.

North of Mount Hodd, near Red Hill and Blue Ridge, the
magnetic high of 299 nT (Fig. 2, Plate 2) is probably a
result of the normally polarized flows of Early Pliocene
Volcanics in the area and the highér than average topogra-
.phy which enhances the affect of these rocks relafive to
the éurrounding rocks.

The series of magnetic lows (~268, =268, -248, =176,
and -370 nT) to the north and northeast of Mount Hood
(Fig. 2, Plate 2) are to some extent probably due to the

low elevations (800 meters and less) of the Hood River
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Valley. The general widespread affect of the low elevations
can be seen better on'thébupward.continuéd versions of the
aercmagnetic maps. There the various negative anomalies
blend into one long-wavelength negative anomaly. Some of
the high-frequency anomalies which appear on the low-level
versions may be due to local concentrations of reversely
magnetized Dalles Formation roqks. |

The high-amplitude anomaly of 265 hT in the center of
the integrated version of the aeromagnetics (Fig. 5,
Plate 5) represents the topographic-magnetic expression of
the Mount Hood volcanic cone. The anomaly has an exten-
sion to the south (a magnetic high of 242 nT on the low-
level map) which is at present unexglained geologically or

topographically.
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MODELING

Computer methods to calculate the magnetic anomaly
resulting from a magnetized three-dimensional body have
been expounded since the early 1960's (Vacquier, 1962;
Bott, 1963; and Talwani, 1965). Although all of these me-
thods have proved valuable in the interpretation of mag- -
netic anomalies, they have been limited in their accuracy
and scope of appIiCation. The main limiting factor has
been the use of analytical integration in only the x- and
y-directions when calculating a body's volume integral, the
z-direction integration having been done numerically.

The method used herein was developed by Plouff (1975)
as an improvement on the method of Talwani (1965) and-
applied by Blakely and Christensén (1978) to .a similar pro-
blem at Mount Shasta, California. Plouff calculates the
magnetic field due to a series of polygonal prism bodies by
integrating the volume integrals of Talwani (1965) in the
z-direction. By doing the z-direction integration analyti-
cally Plouff obtained a more accurate representation of the
body and thus, an improved representation of the magnetic
field due to the body. The value of the average direction
and intensity of magnetization for the body can be assumed,

calculated from sample data, or a best-fit total magnetiza-
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tion determined. The best-fit total magnetization can be
found by a least-squares comparison Dbetween the observed
anomaly and a dimensionless calculated anomaly based on the
inputted topographic model.

A geologic-magnetic model of the Mount Hood cone is
developed in two main steps. First, a best-fit magnetiza=~
tion vector is found for the entire cone and a residual map
generated by subtracting the calculated field from the ob-
served fiéld. Second, the best-fit residual is used as a
basis for constructing a more refined model of the Mount
Hood cone. The refined model is developed by using the in-
verse least-squares and forward calculation routineskin
conjunction with magnetic and geologic data to add inhomo-
geneities in the mountain's magnetic structure. A series
of iterations are done until a satisfactory mathematical,

geophysical and geological model is obtained.

Initial Least-Squares Modeling

The high~-level anomaly of 265 nT (Fig. 3) resulting
from the Mount Hood volcanic cone is dominated by the mag-
netic expression of the topography. ~As such it is diffi-
cult to make any interpretation as to anomalous magnetic
masses within the body of the cone. To reduce this problem
a best-fit magnetization vector for the entire cone was

calculated using the least-squares technique. The field
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calculated from magnetizing the mountain with the best—fit
magnetization is subtracted from the observed field to yield
a residual. This residual is then an expression of where the
assumption of uniform magnetization is incorrect.

The least-squares best-fit magnetization is based on the
two simplifying assumptions of uniform direction and intensity
of magnetization for the mountain as a whole. Although these
two assumptions are an over simplification of the problem
there are at least three reasons to believe that they might
yield a viable initial magnetic model of the meuntain. First,
the bulk of the volcano has probably been built in the last
100,000 years (Wise, 1978) and thus, is probably normally mag-
netized. Second, although the assumption of uniform intensity
is not accurate in detail, laboratory results (Table 1) indi-
cate that the assumption is probably reasonable.(average mag-
netization of lab samples was 2.8 ¥ 1.2 A/m)s Third, the
observed anomaly (Fig. 3) is nearly symmetrical and is cen-
tered to the southwest of the cone implying that the mountain
has fairly uniform magnetic properties and iS‘magnétized in a

direction close to that of the present Earth's field.

Modeling Program Input

Two sets of data are needed for input to the modeling
routine. First, a topographic model of the source of the

magnetic anomaly in question which is developed by polygonizing
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(replacing curved lines with straight lines to form a closed
polygonal surface).the elevationrcontouré from a topographic
map. Second, the observed aeromagnetic ancmaly over the
source represented by the polygonized contours.

The source of the observed anomaly is approximated by a
topographic model of the mountain (Fig. 8) consisting of 21
polygonal layers with the top of the model at 3414 metérs
and the base at 1158 meters. The upper five layers are each
61 meters thick and the lower 16 layers are each 122 meters
thick. Thinner layers were used near the top to insure a
better approximation of the section of the mountain nearest
the point of observétion since they have the largest effeét
on the location and shape of the anomaly.

‘To insure the use of the best possible data as input to
the modeling effort the opiginal flight-line data was pre-
pared for input as follows:

1. the IGRFAwas removed point by point from the total-

field flight-line file supplied by the contracter,

and 2. these ungridded values were projected via é universal
transverse mercator projecticn onto a coordinate
system corresponding to that used in creating the
topographic model of the mountain; base latitude,
45920', and central meridian, 121045;.

A regional field was then calculated for the integrated
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Figure 8. Topographic model of the Mount Hood cone.
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aeromagnetic data. The regional field was calculated, using
the equation for a plane, from the USGS program for least-
squares surface fitting (Sweeney, 1978). The equation of the

calculated regiocnal. in nT was:

= 28,118063 -~ 1.061200x - 0.440931y
where x and y are distances in kilometers east and north
respectively from a point 4.82 kilometers east and 5.32 kilo-
meters north of the model crigin. The calculated regional
was then removed point by point from the residual flight-line

data yielding values for input into the modeling program.,

Initial Modeling Results

The results of eight inversions to determine the best-
fit magnetization for the entire cone, using various topo-
graphic models to approximgte the mountain, are summarized
in Table 6. The first inversion used a topographic model
with base at 1158 meters and top at 3414 meters. Each suc-
cessive inversion was done by removing another layer from the
base of the model. The least-squares fits are evaluated by
two commonly used statistical parameters. PFirst, the stan-
dard deviation (S) which indicates a better fit as it becomes
smaller. Second, the correlation coefficient (R) which has
a value, 0<R<1, with R=1 indicating an exact fit between the
anomaly calculated from the least-squares magnetization and

the observed anomaly.
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The results presented in Table 6 indicate that the best
mathématical model of the mountain consists of 16 layers
with top at 3414 meters elevation and the base at 1646 meters
elevation. As with the Mount Shasta mecdeling (Blakely and’

Christiansen, 1978) the statistical parameters
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TABLE 6
Least-Squares Best-Fit Magnetization Inversions
Model Base  Top J I D S IR Datum
1 1158 3414 1.64 77.6 =3.4 19 0.95 =50
1280 3414 1,64 76.6 -1.8 19 0.96 -38
1402 3414 1,66 75.2 -0.7 18 0.96 -26
1524 3414 1.68 73.3 -0.2 18 0.96 -13

1646 3414 1.73 70.9 -0.6 17 0.96 0
1768 3414 1.82 68.3 -1.7 17 0.96 12
1890 3414 1.96 65.4 -2.6 17 0.96 22
2012 3414 2,18 62.3 -3.7 18 0.96 31

0w N O T W N

varied so little from model to model that their use in
comparing® the models is questionable.

The calculated least-squares magnetization vector for
the 16‘layer model has a magnitude of‘1.73 A/m, inclination
(I) of 70.9° and declination (D) of -0.60, These results,
coupled with the relatively good fit (R=0.96), indicate
that the initial assumptions of uniform direction and in-
tensity of magnetization were reasonable. The calculated
magnetization correlates well with the fact that the vol-
cano is relatively young and thus, normally magnetized. As
a first approximation one would assume that a volcano built
with short term eruptions scattered over the last 100,000

years would have a direction of magnetization close to that
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of the geocentric dipole field which at'Mount Hood has an
inclination of 63.9° and a declination defined as 0°. The
small de§iation between the calculatéd direction and the
geocentric dipole is quite reasonable as their likely has °
been long periods of quiescence which may have affected the
averaging of the remnant field tpwards the geocentric dipole.
The magnitude of the magnetization (1.73 A/m) althcugh some-
what lower than expected from the laboratory results (2.8 ¥
1.1 A/m), is still within one standard error of the mean.
This difference may be due to the laboratory value being
based on sufface outcrops which may not be representative of
the bulk of the mountain or to some ancmalous mass within
the mountain which is.in disagreement with the initial
assumptions of homogeneity.

Inspection of the residual based on the best-fit magne-
“tization (Fig. 9) yields a number of observations. First,
although the correlation coefficient indicates an extremely
good fit (R=0.96), a significant residual (t 30 nT) still
exists., Second, the calculated anomaly indicates that the
north to northwest section of the mountain (negative residual
greater then =30 nT) is either significantly less magnetic or
reversed with respect to the south-central portion of the
mountain (positive residual greater then 20 nT).  Third, there
is a recognizable negative gradient in the southeast corner

of the residual map .
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Figure 9. Residual from the 16 layer least-squares best-fit
of the Mount Hood cone anomaly~(I=70.§2 D=-0.6°).
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The Refined Model

Modeling to obtain a more refined geologic-magnetic
model of the Mount Hood cone was done using a combination of
the forward and inverse least-squares modeling routines.
‘The refined model was based on the residual from the 16
layer least-squares fit of the enfire cone. The geologic
and magnetic laboratory data established two possible causes
for the difference in magnetization, between the northwest
and soﬁtn-central portions of the mountain, indicated in
the residual. First, the crater area which exhibits excep-
tionally high remnant magnetizations (13.66 A/m) and second,
the remains of the Sandy Glacier Volcano on the northwest
slope of Mount Hood which may have a reversed component of
remnant magnetization. |

Simple forward models of a cap or plug at the crater
‘area 1ndlcated that the addition of highly magnetized, nor-
mally polarlzed materlal in this area would not yield the
desired effect of reducing the residual anomalies. The
addition of a cap or plug, although reducing the pbsitive
residual over the south~central portion of the mountain,
significantly‘increaséd the negative residval in the north-
west. Therefore, it is assumed that the high remnant mag-
netizations obtained from the laboratory analyses of rocks

from the crater area (Igble 2) are restricted to a small
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quantity of material which does not contribute significantly

|
§

to the observed magneticvfield pattern.

A simple pyramidal model (Fig. 10) with base at 1646
meters and top at 2743 meters was used as an approximation
of the Late Pliocene, Sandy Glacier Volcano. The size, pos-
ition and magnetization (6450 A/m) of the model was deter-
mined by calculating the magnetié field due to a first
approximation model, with magnetization directioﬁ reversed
from the geocentric dipole (I=-63.9°9, D=180.0%)., The field
due to this first appfoximation model was compared to the
magnitude and position of the least-squares best-fit residual's
(Fig. 9) negative anomaly. The model: was adjusted and.the>
process repeated until a reasonable aﬁproximatiqn of the resi-
dual ancmaly's characteristics was obtained.
| Reversed polarity was assumed in modeling the Sandy
Glacier Volcano for three reasons. First, the 16 layer best-
fit residual (Fig. 9) indicates relatively less magnetic
material in the northwest than elsewhere on the mountain.-
Second, Wise (1969) dates the Sandy Glacier Volcano as Late
Pliocene and if it conforms to the general trend of Late
Pliocene volcanics in the area it would be expected to have
a reversed polarity. Third, the laboratory results (Table 3) -
indicate no consistent direction for the remnant magnetization

of the Sandy Glacier Volcano samples and thus, they do not
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contradict the reversed polarity hypothesis.

The next phase of the Mount Hood cone modeling con-
sisted of 3 distinct steps. First, the calculated magnetic
field due to the adjusted Sandy Glacier Volcano model was
subtracted ffom the observed magnétic field over the cone,
yielding an input field for the modeling routine. Second,
the input field was used to calculate a new least-cguares
best—fit magnetization vector for the cone as a whole and -
thus, a second residual mape. Third, ihe residual map and
magnetization vector resulting‘frsm this inversion was
inspected and used as a basis for adjusting the Sandy Glacier
Voibano model. The process is repeated using the new version
of the Sandy CGlacier Voicano model until a satisfactory resi-
dual map and magnetization vector is obtained.

The refined model of the Mount Hood cone which results
from the above process shows a significant improvement over
the 16 layer best-fit model (Fig. 9). The residual (Fig.

11) resulting from the refined model, except for a féw édge
effects, is restricted to values between tio nT, less than
5 percent of the observed anomaly's magnitude of 243 nT.
The correlation coefficient and standard deviation are
20.995 and 9 nT respectively compared to 0.96 and 17 nT for
the 16 layer best-fit of the entire cone. The calculated

least-squares magnetization vector for the bulk of the cone
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Figure 11. Residual from the refined modeling of the Sandy
Glacier Volcano (I=-63.9°, D=180.0°, and J=6.5 A/m) and
Mount Hood cone (I=80.0°, D=28.3°, and J=2.9 A/m).
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has a magnitude of 2.9 A/m, inclination of 80.0° and decli-
nation of 28.3? which yields a magnitude of magnetization,
with reversed polarity, of 3.9 A/m for the Sandy Glacier
Volcano. This rather high value of reversed‘magnetization
for the Sandy Glacier Volcano was not expected from the
results of the 1aboratory work (Table 3). However, the
limited outerops of this old veolcano may not have allowed
for a definitive sampling of the basaltic rocks (which would
be expected to havs higher magneti;atians) composing it.
The calculated magnetization of 2.9 A/m for the bulk
of the Mount Hood cone correlates exceptionally well with the
average value of 2.8 A/m obtained from the laboratory sam-
ples. The calculated magnétization~direction (1=80.0°,
D=28.3°) for the Mount Hood cone.is within 11° of the Earth's
present field (I=68.5°; D=20.3°). This difference in mag-
netization direction is probably the result of the original
modeling assumptions. First, the simplifying assumptions
of uniform direction and intensity of magnetization for both
‘the Mount Hood cone and the Sandy Glacier Volcano are not
accurate in detail. Second, the position, size, and
especially the shape of the pyramidal model representing the

Sandy Glacier Volcano are probably
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not accurate. Third, the direction of magnetization used
to forward model the Sandy Glacier Volcano is only a best
gueSS'apprékimaticn. '

To evaluate the effect these estimates might-have on- the
modeling a simple two phase calculation was attempted.
First, the original 3 step modeling process wés used. How-
ever, the forward modeling calculated the field due to the
Mount Hood cone and a best-fit least-squares magnetization
was found for the Sandy Glacier Volcano of figure 10. The
ferward modeling was done by assigning the Mount Hood cone
the direction of magnetization of the earth's present field.
{1=68.5°, D=20.3°) with a magnitude equal to that found for
the best refined model.(J=2.9 A/m, Fig. 11). Results of
the inversion of the Sandy Glacier Volcano (I=-38.2°, D=
195°, and J=6.9 A/m) indicated that some ad justment might
still be needed in the parameters used in representing the
Sandy Glacier Volcano. The second step, employed the use
of the original 3 step process for refining the Mount Hood
cone model but with the parameters of the Sandy Glacier
Volcano adjusted (I=-55.0°, D=190.0°%, and J=6.9 A/m).

The residual resulting from this final modeling effort
(Fig. 12) is the result of a Mount Hood cone model with
inclination of 76.4°, declination of 27.6° and magnitude of

magnetization of 2.8 A/m. The desired effect, changiﬁg'the
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Figure 12. Residual from the refined modeling of the Sandy
Glacier Volcano (I=—55w6?'D=190.0°; and J=6.9‘A/m) and the
Mount Hood cone (I¥26;4°, D=27.6°, and J=2.8 A/m).
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magnetization Airection‘of the model closer to the present
Earth's field, seems to have been achieved without signi-
“ficantly worsening the residual pattern and while retaining
the same good quality statistical fit parameters (R>0.995,
S=9) .

From the results of this final model it is evident
/}Qatva change in some or possibly all of the magnetization
| ang\éeometric parameters for the Sandy Glacier Volcano

might improve the results.of the modeling by at least a
smali amount. However, without further geophysical or
borehole data on which to base the parameter changes and
realizing the non-unique nature of potential fields, attempts
to refine the model fufther would probably be superfluous.

The exceptionally good‘residual and statistical param-

eters, combined with the reasonable direction of magnetiza-
tion for the Mount Hood cone as a whole, indicates that the
Sandy Glacier Volcano is the chief cause of inhomogeneity
in the Mount Hood volcanic cone. Although other inhomogen-
eities undoubtedly occur they are probably too:small to be
identified in the high-level aeromagnetic :pattern.

The modeling results also indicate that approximately 10

percent ofwthgrapproximétely.37:5féubic7ki10meter3'ofoount
Hood volcanics above 1646 meters elevation are due to the

Late Pliocene Sandy Glacier Volcano. This iarge amount of
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‘uneroded material at such high elevations may indicate that
the Sandy Glacier Volcano is much younger than the potas-
sium-argon date of 3.2 million years which is referred to

by Wise (1969).
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CONCLUSIONS

In assessing the goals of this étudy we find that the
first gecal, of increasing our knowledgejabout the geologic
structure of the survey area, was obtained through the support
this study lends to the geologic interpretations of Wise
(1969) and in the development of a geologic-magnetic model
of the Mount Hood volcanic cone.

The quantitative modeling of the Mount Hood volcanic
cone yields +wo significant facts. First, the main bulk of
the volcano is composed Sffﬁgggetically similar andesites
magnetized (I=80.0°, D=28.3%, and J=2.9 A/m) in a direction
close to the present}Earﬁh's field. Second, there exists
one major exception to this homogeneity, the Sandy Glacier
Volcanc which underlies the northwest flank of Mount Hood
and is magnetically reversed from the main bulk of the Mount
Hood andesites.

It was also found that approximately one-tenth of the
volcanic deposits comprising the Mount Hood cone may be the
result of outpourings of the Sandy Glacier Volcano. This
may indicate that the Sandy Glacier Volcano is much younger
than the 3.2 million years referred to by Wise (1969).

The second goal, of evaluating the geothermal potential of

the survey area was left unsolved since no indications of
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hydrothermal alteration were found. Structure at depth that
might indicate likely hydrothermal systems was in general
obscured since it was found that the aeromagnetic anomaly
pattern was controlled to a large extent by the topographic
expression of the Cenozoic volcanics which cover the survey
area. Therefore, until a method.can be found to remove the
topegraphic effects frcm the magnetic anomaly pattern the
evaluation of the area's geothermal potential must be left

to.other geophysical or geochemical methods.
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