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TRIAL MAGNETOMETER PROFILES ACROSS THE 
CASTLE MOUNTAIN F A n T ,  SOUTHCENTRAL ALASKA 

by 
R.A. Combellick,' G.R. Cruse,' and W.R. Hammond2 

INTRODUCTION 

This report describes experimental ground- 
magnetometer profiling that we performed in June 1994 
to determine if the method would bc useful for locating 
the active Castle Mountain fault between Wasilla and 
Houston, Alaska. The profiles were made as part of a 
project to prepare 1:25,000-scale geologic and 
construction-materials maps in the Anchorage C-7 NE, 
C-7 NW, C-8 NE, and C-8 NW Quadrangles (Reger, 
Combellick, and Pinney, 1994a-c; Reger, Pinney, and 
Combellick, 1994) (fig. 1). This report is intended 
primarily as a data release to evaluate the usefulness of 
this approach. L,imitations in the magnetometer data, 
as described herein, preclude conventional interpretation 
and development of detailecl geological models. 

BACKGROUND - -- --- 
The Castle Mountain fault extends at least 300 km 

from the Copper River Basin west-southwestward to the 
Matanuska-Susitna lowland, where it crosses the study 
area and passes within 40 km of Anchorage. Its west- 
em extent and, therefore, its total length, are unknown. 
Limited age control indicates that the most recent sur- 
face rupture in the Susitna segment southwest of Houston 
(fig. 1) occurred between 225 and 1,700 years ago 
(Detterman and others, 1974). A magnitude 5.7 earth- 
quake in 1984 near Sutton, 18 krn east of the study area, 
was attributed to subsurface displacement on the 
Talkeetna segment of the fault (Lahr and others, 1986). 
The age of most recent activity of the intervening seg- 
ment (here termed the Wasilla segment) is unknown. 

Surface expression of the Castle Mountin fault is 
highly variable. Southwest of Houston, the Susitna 
segment is visible from the air in many places where a 
low (1-3 m) scarp mantled with windblown sand disrupts 
the drainage pattern. In this area the fault appears as a 
linear boundary between birch-spruce woodlands on the 
higher, better drained north side, and treeless or sparsely 
forested marshes on the lower, poorly drained south side 
(Dettermm and others, 1974; Reger, 1981a, b). Surface 
expression of the Wasilla segment between Houston and 

IAlaska ~ i v i s G o f  ~eo lo~ ica l& Geophysical Surveys, 794 University 
Ave., Suite 200, Fairbanks, Alaska 997W. 

W.S. Geological Survey, University of MaskaGeophysicalInstitute, P.O. 
Box 757320, Fairbanks, Alaska 99775. 

the eastern boundary of the Anchorage C-7 NE 
Quadrangle, a distance of about 30 km, is largely 
obscured by flood-plain deposits of the Little Susitna 
River and forested late-Wisconsin glacial drift (Reger, 
Combellick, and Binney, 1994a-6). Although several 
photogeologic lineaments are visible near the projected 
fault trace in this segment, none can yet be confidently 
identified as traces of the Castle Mountain faull. East of 
the Anchorage C-7 NE Quadrangle, the fault is visible 
in bedrock outcrops and is mappd as one (Barnes, 1962; 
Clardy, 1974) or two (Detterman and others, 1976; 
Winkler, 1992) strands that extend eastward into the 
southern Talkeetna Mountains and bifurcate into 
numerous subsidiary strands including the Caribou fault 
system before tenninating near the head of Matanuska 
valley. 

Aeromagnetic data show distinctly different mag- 
netic character between the Peninsular terrane northwest 
of the Border Ranges fault and the Chugach terrane to 
the southeast (Burns and Winkler, 1994). There is a 
strong corresponding aeromagnetic gradient along the 
Border Ranges fault. In contrast, the Castle Mountain 
fault traverses highly variable and weakly to moder- 
ately magnetic rocks of the Peninsular terrane, resulting 
in an indistinct aeromagnetic signature along the fault. 
The lack of aeromagnetic evidence for the Castle Moun- 
tain fault may be due to the relatively high altitude 
(300 m above ground level) of surveys that were flown 
for the maps described by Bums and Winkler (1994). 
Magnetic variations over lhe short distances profiled in 
our study may not be measurable at that elevation. 

Although the inferred Wasilla segment of lhe Castle 
Mountain fault largely traverses unconsolidated alluvial 
and glacial deposits, its magnetic signature is likely 
dominated by underlying bedrock. Bedrock outcrops 
along the fault trend in the Wasilla segment expose 
Tertiary sedimentary rocks of the Arkose Ridge and 
Tyonek fonnations (Reger, Combellick, and Pinney, 
1994a-c), which are likely to I>e magnetically very weak. 
In three boreholes drilled 2-3 km NE of Ho~~ston for 
investigation of subsurface coal beds, maximum 
thickness of glacial deposits was 13.3 m (May and 
Warfield, 1957). South of the fault zone, bedrock is 
deeper; a coalbed-methane exploration borehole drilled 
in the northern part of the Anchorage C-7 SW 
Quadrangle showed 94.5 m of glacial deposits overlying 
Tyonek formation (T.J. Ryherd, Alaska Division of Oil 
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Figure 1. Index map of study region showing locations of geologic maps with 1 :96,000 or greater scale along the 
Castle Mountain fault. Heavy lines indicate locations of majorfaults discussed in the text (dotted where concealed 
by su$cial deposits). 

and Gas, written commun., 1994). In the nearby rocks; similarplutons maybe buriedandperhapsoffset 
Talkeetna Mountains, exposed bedrock units include along the Wasilla segment of the Castle Mountain fault. 
amphibolite, schist, volcaniss, and volcaniclastic Because bedrock lithologies on both sides of the fault 
sedimentary roclcs of Jurassic age that were intruded by are highly variable, magnetometer profiles across the 
numerous plutons of Cretaceous and Tertiary age fault may show different magnetic character even where 
(Winkler, 1992). These plutons range from very weakly the profiles are closely spaced. 
magnetic felsic rocks to rr~odenitely magnetic mafic 
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OBJECTIVE AND APPROACH 

The objective of this study was to assess the poten- 
tial for using ground-magnetometer profiling to locate 
possible strands of the Castle Mountain fault in the 
Wasilla segment. We first obtained five profiles across 
visible scarps of the Susitna segment and one profile 
across the west end of the mapped Talkeetna segment to 
determine if a magnetic anomaly exists across known 
fault segments. After finding apparent anomalies asso- 
ciated with the fault at several locations, we then obtained 
three profiles al accessible locations in the Wasilla seg- 
merit either across photogeologic lineaments or 
projections of lineaments to determine whether signifi- 
cant anomalies exist that could indicate the presence of 
the fault. 

FIELD METHODS ------ - 
We collected total-field magnetometer readings by 

using a Gem Systems model GSM-19 portable magne- 
tometer equipped with an Overhauser proton-precession 
sensor. Published specifications of this unit include a 
resolution of 0.01 nT (nanoteslas, equivalent to gam- 
mas), 0.02 nT relative sensitivity, and 0.2 nT absolute 
accuracy. For this trial study, we did not install a mag- 
netometer base station. Therefore, variations in our 
readings that are due to diurnal magnetic variations and 
short-period phenomena are not taken into account. 
Although most of !he profiles span less than 3 hr 
(table I ) ,  spurious effects such as solar-magnetic storms 
and micropulsations could have caused short-term varia- 
tions of unknown magnitude. 

Magnetometer data were digitally logged in the field 
instrument and later downloaded into a computer for 
processing and plotting (sheet 1; appendix). 

For positioning we used a Trimble Pathfinder Glo- 
bal Positioning System (GPS) receiver, recording 50 or 
60 satellite fixes over a 2-to 3-min period for each 

magnetometer reading. Position data were digitally 
logged in the receiver unit and later downloaded into a 
computer for differential correction. We obtained com- 
mercial GPS base-station data for a survey marker in 
southeast Anchorage, 56-76 km from the profile loca- 
tions. With Trimble processing software we used the 
base-station data to differentially correct all individual 
fixes, then determined the average of the 50-60 cor- 
rected fixes for each magnetometer station. With 
differential correction, the standard deviation of fixes 
at each location ranges from 2 to 8 m in both north- 
south and east-west directions. 

ZJsing the GPS data in conjunction with a Geo- 
graphic Information System (GIs), we plotted all profile 
locations along with digitized fault and photolineanlent 
locations from lktterman and others (1976), Reger 
(1981% b), and Reger, Combellick, andPinney (1994a-c) 
on sheet 1. 

RESULTS 

Magnetometer readings, locations, and times are 
presented in the appendix, along with plotted profiles. 
The profiles and their locations in relation to mapped 
segments of the Castle Mountain fault and other 
photolinearnents also appear on sheet 1. The plotted 
magnetometer profiles include a moving average to 
smooth out short-period variations. 

L,ines 1-4 and 9 cross known locations of the Castle 
Mountain fault southeast of Houston. Lines 1-4 cross 
the low scarp of the fault, where it is visible as a linear 
boundary between birch-spruce woodlands and sparsely 
forested marshes. The location of this scarp is noted on 
each profile. Lines 1-4 show a relatively sharp, 
asymmetrical magnetic anomaly at the scarp, ranging 
in amplitude from about 50 to 140 nT over a distance 
of 50-100 m and sloping to the north. The shapes of 
these anomalies are consistent with those obtained from 
E-W oriented vertical sheets or dikes in polar regions 

Table 1. Sumnary of magnetometer profiles performed during this study. See sheet I for profile locations and the 
appendix for magnetometer data ---- 

Elapsed time Traverse direction 
m mm41 Ii.wumtlme Lhrmid Iaauld f b L d  

2 June 
3 June 
3 June 
3 June 
4 June 
4 June 
6 June 
7 June 
8 June 

12:12 pm 
10:19 am 
1:23 pm 
354 pm 
1:00 pnr 
3:M pm 
3:M pm 
11:19 am 
857 am 
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when using a N-S traverse direction (Breiner, 1973, 
fig. 26). 

Line 9, along a north-south road about 2 km south- 
east of Houston, shows a sharp negative anomaly with a 
300 nT amplitude near the fault. On the basis of the 
horizontal extent of the steep part of the anomaly on 
each of these profiles (lines 1-4 and 9), the source is 
within several tens of meters of the surface (Breiner, 
1973, p. 3 1). The anomaly is asymmetrical and, as with 
lines 1-4, is consistent with an E-W-oriented vertical 
sheet or dike. It is also consistent with typical anoma- 
lies across an E-W-oriented horizontal cylinder (Breiner, 
1973, fig. 26), which raises the possibility that the 
anomaly is caused by a steel culvert buried in the road- 
bed (see line 9 profile on sheet 1). However, a similar 
culvert farther north along the profile does not produce 
a similar anomaly. We checked with local-government 
officials and utility companies to c o n f i  that there are 
no buried or overhead utilities near line 9 that would 
cause anomalous magnetometer readings; this does n d  
rule out the possibility that there is metallic debris bur- 
ied in the roadbed. Although a fault scarp is not visible 
on the ground along line 9, the location of the fault is 
known to within about 50 m by projecting between two 
photolineaments a short distance east and west of the 
line. The fault may be the source of the anomaly but 
this must be confirmed by performing additional paral- 
lel profiles away from the road. 

Line 7 crosses the western end of the mapped 
Talkeetna segment of the Castle Mountain fault (Bames, 
1962; Clardy, 1974; Detterman and others, 1976). The 
westernmost exposure of the northern fault strand is in 
highly sheared sedimentary rocks of the Tertiary Arkose 
Ridge formation in a steep cliff along the Little Susitna 
River, about 500 m east of line 7. The southern strand 
is not exposed along the river. Additionally, there is no 
surface expression of either fault strand along line 7, 
which traverses glacial deposits; the locations of the 
mapped strands are approximated on the magnetom- 
eter profile by extending the mapped trends 
southwestward from the riverbank exposure. A positive 
anomaly of about 300 nT appears north of these pro- 
jected strands; part of another strong positive anomaly 
appears south of the strands. Both longer, multiple par- 
allel magnetometer lines near this profile and corrections 
for time variation are necessary to determine if the ob- 
served variations correlate with the projected fault 
strands. 

Magnetic profiles along lines 5,6, and 8 cross lin- 
eaments in the Wasilla segment where the location of 
the Castle Mountain fault is unknown. Lines 5 and 6 
cross a scarp that is part of an east-west photolineament 
several km long and north of the projected trend of the 
fault in the Anchorage C-7 NW Quadrangle (see also 

Reger, Combellick, and Pinney, 1994b). The position of 
the scarp crest, up to 5 m high and facing south, is noted 
on the profiles. Lines 5 and 6 cross a prominent scarp 
but show different profile character at the scarp cross- 
ing. Line 6 shows a significant level shift across the 
scarp; Line 5 does not. 

Line 8 is a long north-south profile along a road 
0.7 km east of line 6. The profile crosses the eastward 
projection of the scarp visible along lines 5 and 6. This 
scarp is not visible on the ground along line 8, which 
occupies a debris-flow channel (Reger, Combellick, and 
Pinney, 1994b). However, its approximate extension is 
noted on the magnetometer profile, as are approximate 
extensions of other nearby lineaments. Although the pro- 
file shows higher relief in the magnetic field north of 
the scarp extension and lower relief to the south, there 
is no other clear indication of a possible fault-related 
magnetic signature at the projected scarp extension. 
However, a level shift of more than 150 nT at 500-700 m 
and a comparably large positive anomaly at 
2,800-3,400 m along the profile may correlate with other 
lineaments (sheet 1). These variations along line 8 may 
reflect three subsurface rock types with different mag- 
netic signatures, possibly juxtaposed along faults at about 
the 700-m and 2,800-m positions. 

CONCLUSIONS 

Magnetometer profiles across the Susitna segment 
of the Castle Mountain fault southwest of Houston (lines 
1-4 and 9) appear to show a consistent, north-sloping 
anomaly at the fault scarp. This anomaly may relate to 
drainage-related differences in magnetic susceptibility 
in near-surface sediments or to differences in subsur- 
face bedrock composition across the fault. If the 
conditions responsible for this anomaly were similar 
along the Wasilla segment east of Houston, the method 
may have high potential for locating the fault in this 
segment where its surface expression is poor. However, 
a magnetometer profile (line 7) across projected fault 
strands at the west end of the Talkeetna segment shows 
no apparent fault signature at the fault crossings. Al- 
though lines 5 and 6 are only about 150 m apart across 
a prominent scarp, their character near the scarp is very 
different. Together, the profiles are ambiguous as an 
indication of a possible fault-related anomaly. Multiple 
parallel profiles with correction for diurnal and spuri- 
ous magnetic variation are needed to determine if 
magnetometer profiling can help locate the Castle Moun- 
tain fault and other possible faults in the Wasilla 
segment. Aeromagnetic survey at very low altitude may 
be an alternative to ground profiles in this heavily for- 
ested area and could reveal fault-related anomalies that 
are not apparent from higher-altitude surveys. 
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LINE 2 Date: 6/3/94 
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LINE 4 Date: 6/3/94 
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LINE 5 
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LINE 6 Date: 6/4/94 
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LINE 4 Date: 6/6/94 
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LINE 8 Date: 6/7/94 
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LINE 9 
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