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ABSTRACT 

A discontinuous, positive aerornagnetic and marine magnetic anomaly 
occurs on the northern side of th'e Border Ranges suture zone, a major tectonic 
boundary, in southern Alaska (Fischer, 1981). The magnetic anomaly occurs 
from near the southern Copper River basin to'southwest of Kodiak Island, a dis- 
tance of 1000 km, and suggests that  the  known outcrops of mafic and 
ultramaflc rocks are much more continuous in extent than previously believed, 
and suggests a possible common source for the mafic and ultramafic bodies 
along this belt. 

The largest outcrop in this mafic and ultramafic belt occurs between Ton- 
sina and  the Matanuska Glacier, approximately 160 km east of Anchorage. This 
study of the  gabbro body was an attempt to increase the geologic knowledge of 
the rnafic belt and the Border Ranges suture zone by integrating geophysical 
modeling techniques with geologic mapping. The gravity and aeromagnetic 
modeling suggests that a north-south cross-section of this gabbroic body is 
probably similar in shape to a trapezoid. The northern contact dips 20 to 40 
degrees to the north, and the southern contact dips steeply, about 70 to  85 
degrees, to  the  south, No preferred base for the gabbroic body was chosen 
from this modeling. 

Unfortunately, no variation of silica content in the mafic body is evident 
from geologic mapping o r  geophysical modeling and no definitive statements 
about the structure of the Border Ranges suture zone can be made from the 
geophysical modeling. 

The Border Ranges fault in this area appears t o  be a rslisnomer. The fault  
is mapped in this  area as a steep to  vertical fault (Plafker and others, 1977) 
and  is defined as the  major suture joining several different tectonic terranes 
(MacKevett and Plafker, 1974; Plafker and others, 1977). This steep fault is 
associated with very little penetrative defarmatiorl and occurs within tectonic 
melange zones which outcrop up to thirty km in width. The melange zones a re  
characterized by cataclastic deformation, a re  structurally truncated by the 
steep Border Ranges fault, and appear to be t he  probable su ture  zone. 



INTRODUCTION 

Southern Alaska is presently thought to be a collection of allochthonous 
terranes (Jones and Silberling, 1979), fig. 1. A major suture zone joins the 
Chugach terrane an the south to  several exotic northern blocks, including the 
Peninsular and Wrangellia terranes (MacKevett. and Plafker, 1974; Jones and 
Silberling, 1979). The suture zone, of probable late Mesozoic or  Early Tertiary 
age, includes major zones of melange, and can be traced from Kodiak Island 
to southeast Blaska, a distance of 2000 km (Plafker and others, 1979). fig. 2. 
Although traced for considerable lateral distance, the suture zone has not been 
mapped or  described in detail in t h e  literature. Clearly, understanding the 
nature of the regional tectonics requires a more detailed understanding of the 
nature of the suture zone. This paper represents an attempt to better describe 
the geometry and nature  of the suture zone by combining semi-quantitative 
modeling of geophysical data  with the  known regional geologic mapping. The 
suture zone passes through the  northwest Valdez and northeast Anchorage 
quadrangles, fig. 3. This area is the focus of this paper. 

A steep to  vertical fault within the suture zone has been termed the 
Border Ranges fault in this area and has been considered to  be the principal 
thrus t  fault between the two terranes. This steep fault  has very little penetra- 
tive deformation associated with it and differs markedly in its style of deforrna- 
tion from the melange zones (Burns, pers. obs., 1900; Pavlis, 1980; G. H. Pessel, 
oral commun., l98O), plate 1 (note: a simplified version is shown in fig. 3). Cal- 
ling this particular fault the  Border Ranges fault is probably a misnomer, and 
instead the melange zones really mark the major suture  zone. Several other 
faults in this area, specifically the faults a t  the northern and Southern boun- 
daries of the melange zones, have been termed the Border Ranges fault 
(MacKevett and Plafker, 1974: Winkler and others, 1981). However, for  simpli- 
city, the  Border Ranges fault, referred to  herein is the steep fault (Plafker 
and others, 1977) within the tectonic melange zones. fig. 3. The term "Border 
Ranges suture zone" will be used for' the tectonic melanges. References to 
other investigations along t he  fault, zone cause some confusion as t o  whether 
the tectonic feature discussed should be termed t he  Border Ranges fault or the 
Border Ranges suture zone. Such occurrences will be noted a t  the beginning of 
a paragraph with the probable tectonic feature in parentheses, following the 
usage in the  reference. 

A positive aeromagnetic and marine magnetic anomaly can be traced 
discontinuously, i f  not continuously, along t h e  landward side of t h e  Border 
Ranges fault (suture zone) from the  southern Capper River basin t o  near 
Sutwik Island, southwest of Kodiak Island (Fischer. 1981), fig. 2. Ultramafic and 
rnafic rocks are the probable source for this magnetic anomaly and are 
known to crop out in a discontinuous arcuate band on the northern side of 
the fault along its entire distance (Rose, 1966; Clark, 1972a; MacKevett and 
Plafker, 1974). The largest known rnafic and ultramfic complex in this belt is 
the object of this study. 

This gabbroic body and a two to twenty krn wide tectonic melange are 
located between the recognized base of the Peninsular terrane (Talkeetna For- 
mation) and the  Chugach terrane. The rnafic body subparallels the  Border 
Ranges fault and crops out  on its northern side, figs. 2 and 3. The body is 
composed dominantly of layered gabbro, but more silicic and more mafic 
rocks are included in t h e  belt. This body extends from near Tonsina on the east, 
t o  at least as far as the Matanuska Glacier, a distance of 120 k m  (Pessel and 



f t g .  1 : Cordilleran Suspect Terranes 

Pen1 nsul  ar terrane 

] Chugach ter rane 
modified from Coney e t  a1 . (1980) 



Fig. 2: Genera l ized  geolog ic  map o f  southern 
A laska ,  showing l o c a t i o n  o f  study area.* 
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Figu re  3: Genera l i zed  geo log ic  map o f  t h e  N E  Anchorage 
and N Valdez quad rang le s ,  Alaska 
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others, 1981; Winkler and others, 1981), and varies from two to  ten km in width, 
covering about 1000 square km, fig. 3. Only reconnaissance geologic mapping 
and geophysical data exists wes t  of the Matanuska Glacier in this area; thus  
the location of the western termination of the gabbroic body is not known. 

Geologic mapping of the gabbro body is of reconnaissance nature at this 
time. Gravity and aeromagnetic modeling of the  gnbbro body was undertaken 
in order to add to the  geologic knowledge, of the area. Geophysical 
modeling was deemed appropriate due to  the large gravity and magnetic 
anomalies caused by the gabbro body, the linear trend of the gabbro belt 
(allowing two-dimensional modeling), and the apparent absence of other 
dense or  rnagrietic bodies influencing the anomalies. The following questions 
were  addressed in this study. 

1.) Is the  Border Ranges fault steep at depth? 
2.) Is the gabbro-volcanic contact north of the Border Ranges 

fault steep, as has been previously assumed (Grantz, 1961b, 
1965; Pavlis, 1980)? 

3.) Do the structure and composition of the gabbro c t ~ a r ~ g e  noticeably 
along its length? 

4.) How deep does the gabbro extend? 



PREVIOUS WORK 

Geologic mapping in south-cen tral Alaska is incomplete, and most of the 
existing mapping j s  reconnaissance 'in nature. The area between Kodiak 
Island and Anchorage, fig. 2, has th-e most extensive geologic mapping of the 
fault  zone (Clark, 1972b; 1973; Connelly and ,Moore, 1979; Connelly, 1978). 
MacKevett and PLafker (1974) and Plafker and others (1977) have traced the 
Border Ranges fault in this area, but the central portion of the fault  had n o t  
been mapped pefore 1979. Ninkler and others (1981) mapped the  gabbro body 
in the Valdez quadrangle in 1978 and 1979 at  a scale of 1:250,000, and Pessel 
and others (1981) mapped the gabbro body in the Anchorage quadrangle 
at a scale of 1:63,360 in 1979 and 1980, fig. 3. Geologic mapping prior t o  1979 
particularly has not covered t h e  gabbroic belt (Grantz, 1961a, 19Blb. 1965; 
Andreason and others, 1964; MacKevett and Plafker, 1974; Plafker and others. 
1977). 

Geophysical data are  similarly incomplete and composite. Case and 
MacKevett (19'76) and Case and others (1979b) published aerornagnetic maps 
and geologic interpretations of small pieces of the Border Ranges fault in the 
McCarthy quadrangle to  the east, and near Seldovia, southwest of Anchorage. 
The existing data consists of approximately 400 gravity stations established 
over the last 30 years (Andreason and  others, 1964; Barnes, 3977; Case and oth- 
ers, 1979b), and  two aerorrlagnetic surveys (Andreason and others, 1958; U. S. 
Geological Survey, 1979). No previous attempt has been made to quantitatively 
interpret this data. 

PRESENT STUDY 

This work represents the initial phases of an intensive study of the 
northeast Anchorage quadrangle. Regional mapping of the area  in conjunction 
with G. H. Psssel and M. W. Hanning of the Alaska Div. of Geological and Geophy- 
sical Surveys (ADGGS) was conducted over the 1979 and 1980 field seasons. 
During this period 105 gravity stations were established. Petrographic exarni- 
nation of approximately 50 thin sections was undertaken to  confirm and extend 
field observations. 

Geophysical modeling on data from the  Valdez quadrangle was supported 
by the U. S. Geological Survey (USGS), and in part by National Science Founda- 
tion grant EARBO-01076. 



DATA PREPARATIONS AND GEOPHYSICAL ASSUMPTIONS FOR MODELING: 

The models presented in this paper should be viewed only as simplified 
possibilities. The computer techniques used far geophysical modeling assumed 
the gabbroic body was two dimensional. This assumption will not  introduce 
much uncertainty, as the  gabbro body is thin ih outcrop relative to  its width. 
The profiles were  oriented a t  right angles to the geologic trend to minimize the 
error. A brief summary of the main simplifications and  assumptions inherent in 
these geophysical models follouzFs. 

Gravity data: 

Reductiorl of the gravity data was computed wi th  a uniform density of 2.67 
g / c r n g ,  see Appendix A. The simple Bouguer values are contoured at 5 q a l  
intervals, plate 2, and are assumed to be accurate to  +/- 2 rngals. 

Terrain correct,ions t o  a distance of 50 kilometers w e r e  made for the  two 
modeled gravity profiles. A constant regional gravity field was assumed. The 
average density of the gabbro body, 2.92 g/cm3, was sufficiently distinct from 
the densities of the adjacent rock belts, generally 2.72 g / c m 8 ,  to allow modeling 
of the gravity profiles. However, the number of samples measured in a few of 
the units is not statistically valid, particularly given the variabilities in rock 
types (see Appendix A). 

Magnetic data: 

Three magnetic profiles w e r e  prepared from the 1979 aer~rnagnet ic  map, 
and two profiles were read from a combination of the  1979 and 1958 aerarnag- 
netic maps. The estimated error in combining the  two aeromagnetic maps is 
+/- 50 gammas. The combined aeromagrletic map is shown in plate 3. Small 
regional magnetic fields, decreasing from 3 to  12 gammas/ krn to the  south. 
were removed from the two  magnetic proflles. The remanent magnetization was 
assumed t o  be in the  same direction as the present earth's field (see Appen- 
dix B). The close correlation between the  gravity and aerornagnetic models 
reinforces this assumption. 

Simplifications: 

Over-simplification of assumed constraints in magnetization and densities 
is probably the largest source of uncertainty, particularly in the magnetic 
models. The magnetization of the gabbro body varies considerably between 
neighboring outcrops. In most of t h e  aeromagnetic models, t h e  gabbro body is 
constructed of several large blocks with differing magnetizations, but large 
blocks of uniformly magnetized rock is an unlikely occurrence in this gabbro 
body. 

For more detailed discussion, see Appendices A a n d  B. 



REGIONAL SETTING 

The Border Ranges fault (suture zpne) is a major tectonic boundary, over 
2000 krn. long, in south-central Alaska (Plafker and others, 1979). The fau l t  
trace is an arc from southwest  of Kodiak Island (Fischer, 1981) to 
southeastern Alaska (Plafker and others, 1979): fig. 2. MacKevett and Plafker 
(1974) pointed au t  the significance of this fault as a late Mesozoic or Early 
Tertiary suture zone. The fault in the area of this survey is considered to be 
the  boundary between two geologic terranes: Mesozoic plutonic and volcanic 
rocks ( the  Peninsular terrane) on the north, and a Mesozoic-early Tertiary 
accretionary complex composed of rnetavolcanic, sedimentary and rnetasedi- 
mentary rocks ( the Chugach terrane) on the south, figs. 1 and 2. 

GEOLOGY 

Three major east-west trending belts of rock occur in the area of this 
report. These are,  from south t o  north, (1) the McHugh Complex and Valdez 
Group of the  Chugach terrane,  (2) t he  gabbro belt, and (3) the  Talkeetna For- 
mation of t h e  Peninsular terrane,  fig 3. All three belts are intru,ded by Tertiary 
felsic intrusions, plate 1. These intrusives are not extensively defoymed but  
appear to  post-date major deformation of the  melanges. Intermediate plutons 
of uncertain age and Tertiary andesite plugs intrude t h e  northern terrane. The 
units are briefly described below. 

1. Rock units south of the Border Ranges fault; 

Two major rock units crop ou t  south of the  Border Ranges fault, fig. 3. 
The Valdez Group, a thick package of clastic marine sedimentary rocks, is 
presently thought to have been deposited in the  Late Cretaceous (Tysdal and 
Plafker, 1978). The McHugh Complex, a sequence of volcanic and related sedi- 
mentary rocks, is considered to be a subduction melange (Clark, 1973; Winkler 
and others, 1901), and appears to be Triassic to  mid-Cretaceous in age in 
this area (Winkler and  others, 1982). A continuous belt, up  t o  4 km in width, of 
greenschists and transitional blueschists, occurs in the McHugh Complex, and 
crops out between the  Nelchina Glacier and Klutina Lake, a distance of 40 km 
(Winkler and others. 1981). 

The Tazlina thrus t  fault, a major tectonic feature, places the McHugh Com- 
plex over the Valdez Group (Winkler and others 1981), fig, 3. This thrust  fault 
dips towards the  Border Ranges fault and occurs discontinuously westward to 
the Anchorage area where i t  has been named the  Eagle River thrus t  (Clark, 
10?2b, 1973; Wirlkler and others, lQBl), a. 2. 

Another thrus t  fault, structurally overlying the Tazlina fault, places a 
small klippe of gabbro and amphibolite on top of the McHugh Complex, fig, 3. 
The klippe is located approximately 10 km. south of t h e  Border Ranges fault  
in the western Valdez quadrangle. Magnetic modeling presented later in this 





and volcanogenic sedimentary racks, lies to  the north of the gabbro body, fig. 
3, and i s  dominantly composed of volcanic breccias, agglomerates, and water- 
laid tuffs  of intermediate composition. The age of the volcanic rocks is well 
documented as Early Jurassic (Detterrnan and  Hartsock, 1966; Detterman and 
Reed, 1960). Jones and Silberling (1979) state that  the Talkeetrla Forma- 
tion forms the oldest exposed part. of the Peninsular terrans. 

Tracing beds is difficult, as the volcanic r ~ c k s  are  extensively deformed, 
though deformation is not as pervasive as in the gabbro belt (Burns, pers. obs., 
1979; Winkler and others, 1981). The relationship of the  gabbro to t h e  volcanic 
rocks is not  clear. The contact usually appears as a steep to  vertical fault 
(Winkler andbothers, 1981; G. 13. Pessel, oral commun., 1981; Burns, pers. obs., 
1981). 

3. Age of assembly and deformation: 

The structural  style of the McHugh Complex, dominantly south of the 
Border Ranges fault, is similar to the brittle deformation north of the  Border 
Ranges fault, in the gabbro body and gabbroic melange are characterized by 
brittle shearing and extensive cataclasis, while the  Border Ranges fault appears 
to  be a clean break between rock units, which produced very little penetrative 
deformation (Burns, pers, obs., 1900; G. H. Pessel, oral commun., 1SBO; T. Pavlis, 
oral commun., 1980). 

Limits for the age of deposition of the McHugh Complex (the subduction 
melange), and the  age of two rock units incorporated into the  gabbroic melange 
zone, north of the Border Ranges fault, provide time constraints for the  age of 
accretion and associated deformation of these map units. Upper or Lower 
Jurassic cherts are included in the gabbroic melange zone, as is'gabbro of prob- 
able Late Jurassic age (Winkler and  others, 1901). Radiolarians From the 
McHugh Complex, generally south of the Border Ranges fault ,  place a lower age 
limit of mid-Cretaceous for the accretion of this subduction melange (Winkler 
and others, 1901). Both melanges are  intruded by felsic intrusions tha t  are 
relatively undeformed (Burns, pers. obs., 1900; Winkler and others, 1981), plate 
1, and thus  place an upper limit for the age of the major deformation. These 
intrusions in the McHugh Complex are believed to  be Eocene in age (Winkler and 
others, 19B1), and a probable age of Paleocene to Eocene (Grantz, 1960) has 
been suggested for felsites north of the Border Ranges fault. 

Tertiary movement on t h e  Border Ranges fault is indicated by the  presence 
of a felsite pebble-bearing conglomerate which is locally caught up and 
deformed in the  narrow fault zone (Pavlis, 1980; G. H. Pessel, oral cornrnun., 
1979; A. Grantz, oral cornmun., 1979), plate 1. Deformation of this conglomerate 
indicates post-Paleocene movement on the  Border Ranges fault and,  coupled 
with the differing structural styles in the melanges as compared to  the Border 
Ranges fault, suggests that  the steep Border Ranges fault is tectonically unre- 
lated to  the assemblage of these melange zones. 



REGIONAL GRAVITY INTERPRETATION 

Three gravity anomalies, all positive, a r e  present on the  simple Bouguer 
map, plate 2. The largest and most cbnspicuous gravity anomaly trends east- 
west and corresponds to  the  gabbro body. A southeastern extension of t h e  ano- 
maly is caused by mafic and ultrarnafic rocks, the Tonsina ultramafic complex, 
which were mapped by Winkler and  others  (1981) as a possible separate belt, 
and were not modeled in this study, fig. 3 and plate 2. The third and smallest 
gravity anonply occurs between the  Tazlina a n d  Nelchina glaciers, t o  the  south 
of the  Border Ranges fault, plate 2. The contour lines bend t o  the south, away 
from the  main gabbro body and correlate with the  thrus t  klippe of gabbro and 
amphibolite on top of the  McHugh Complex, fig. 3. 

The 145 gravity stations established in 1979 and 1980 are concentrated 
between Tazlina Lake and t h e  Matanuska glacier, see plate 2. Approximately 
250 stations were established in the  surrounding region during the past thirty 
years. About 150 of these stations are on the Richardson and Glenn Highways. 
Therefore, intensive gravity coverage is limited to the  area  between Tazlina 
Lake and the Matanuska glacier. Interpretation of the  gravity anomaly is sub- 
ject to uncertainty owing to  the sparse number of gravity stations east of 
Tazlina Lake and in areas surrounding t h e  gabbro body, such as the  central  
Chugach Mountains. 

GAHBRO BODY 
The conspicuouv anomaly shown on t h e  simple Bouguer anomaly map (SBA) 

is t he  50 mgal high over the  gabbro belt. The high t rends east-west and is bor- 
dered on the  north and south by simple Bouguer values of -60 to -70 rngals. 
Inspection of the  SBA map indicates t h a t  the  gravity anomaly associated with 
the  gabbro body corresponds well, but  not completely with the  outcrop pat tern 
of the body and t ha t  the  SEA values appear to  decrease to the east of Tazlina 
Lake. 

Correlation of gravity anomaly wi th  gabbro body: 

West of Tazlina Lake, the gravity anomaly correlates extremely well with 
the geologic map. However, a discrepancy exists between the  locations of t h e .  
gabbro body and the gravity anomaly to the  east of Tazlina Lake. The axis of 
t h e  gravity anomaly appears l o  be centered on the southern edge of the gabbro 
body and extends southward into the  rnetasedimentary rocks of the  McHugh 
Complex. This discrepancy could conceivably be eliminated by  terrain correc- 
tions, but inspection of the topographic map indicates t ha t  terrain corrections 
would probably increase t h e  discrepancy. Because of rugged high topography 
of the Chugach Mountains on the  south, gravity stations near the  southern edge 
of the  gabbro will have larger terrain corrections than stations established 
farther north. The larger terrain corrections would increase the positive 
anomalies over the McHugh Complex. The locational discrepancy could be a 
sampling problem as few gravity stations are established in this area. A likely 
possibility is tha t  the gabbro body dips to the  south in this region (see section 



on magnetic interpretation a n d  models) 

East-west variation of simple Bouguer values: 

East-west variation in the  amplitude of the  simple Bougucr values is evi- 
dent from the map, plate 2. Gravity stations east of Tazlina Lake appear to  have 
lower gravity values than  s t a t~ons  to  the west, of Tazlina Lake. The apparent 
decrease in gravity values east of Tazlina Lake may be only a furiction of station 
spacing. SBA values for the  4 established gravity stations in the  gabbro body 
east of Tazlina Lake range from -10 to -26 mgals. In comparison, t h e  area west 
of Tazlina Lake has 25 gravity stations established on the  gabbra body and 
range from about -33 to  -10 mgals. Only 8 gravity stations in this area have SBA 
values above -19 mgals. 

However, terrain corrections will probably increase rather than  decrease 
the  difference in gravit,y values between the east  and  west, because the topog- 
raphy is much gerltler in the east .  Terrain corrections on western stations are 
estimated t o  range from 4 to  12 mgals, as compared to 2 t o  5 mgals in the  east. 
(Values are estimated Prom established gravity stat,ions which were terrain 
corrected by computer techniques and by hand.) 

The lower gravity values eas t  of Tazlina Lake are possibly due to  the  unk- 
nown thickness of sedimentary rocks and glacial deposits t h a t  covers most of 
t h e  gabbro body in this area. A sediment thickness of 0.2 krn would lower the  
SBA values due  to  the gabbro b y  approximately 2.5 mgals, assuming a density 
contrast  of -0.3 g / c m 3 .  The decrease in SBA values may also be due  to  a varia- 
tion of rock type, such as a more silicic phase of t h e  gabbro'to the  east. The 
present  da ta  a re  inconclusive. See aeramagnetic interpretation for fllrther dis- 
cussion. 

Compilation of a complete Bouguer anomaly map: 
Compilation of a complete Bouguer map (CBA) would slightly alter the con- 

tour lines. A progressive decrease in terrain corrections would occur toward 
t h e  north, because of increased distance from t h e  Chugach Mountains. The 
resulting CBA map would increase the  gravity anomaly n e a r  the southern por- 
tion of the  gabbro body. 

SMALL GRAVITY ANOMALY SOUTH OF THE BORDER RANGES FAULT: 
A smaller positive gravity nose appears on the simple Bauguer map as a set 

of contour lines bending t o  the south, away from the  Border Ranges fault,  plate 
2. The positive anomaly, approximately 10 mgals in amplitude, is present  in the 
th rus t  sheet of the McHugh Complex between the Nelchina and Tazlina Glaciers. 
Because of f ew  gravity stations, the amplitude and areal size of the  anomaly can 
only be estimated. The anomaly apparently corresponds t o  t h e  thrust, klippe of 
gabbro and amphibolite that lies on top of the  McHugh Complex, fig. 3. 



AEROMAGNETlC INTERPRETATION 

The aeromagrletio contour map, plate 3, can be divided into the following 
three major areas of distinctive magnetic character: 

I. The area south of the Border Ranges fault,  cornposed of essentially 
nonmagnetic metasedimentary and sedimentary rocks of t he  
Valdez Group and McHugh Complex. 

2. The gabbro belt having a positive magnetic anomaly of about 2000 
gammas. 

3. The area nor th  of the gabbro belt, composed of weakly magnetized 
Talkeetna volcanic and clastic sedimentary rocks. 

The f e w  magnetic susceptibility measurements correspond with the  same three 
major divisions, Measurements were made on various rock types within the 
area, but the mafic and ultramafic rocks had the  only significant magnetic sus- 
ceptibility. Case and others (1979b) have shown that  the  rocks of the Valdez 
Group and McHugh Complex are essentially nonmagnetic. 

The Tonsina ultramafic complex and the thrus t  klippe of gabbro discussed 
in "regional gravity interpretation" are also apparent on the  aerornagnetic 
map. In addition, the Twin Lakcs positive anomaly, of approximately 500 gam- 
mas, is preser~t  in the northwestern part of the Valdez quadrangle. (Andreason 
and others, 1964). The source of this anomaly is not exposed, but  may be an 
anomalously magnetized volcanic body within the  Talkeatna Formation. Local 
variations in magnetic intensity in these volcanic rocks, particularly to the east 
of Tazlina Lake, are apparent  in the  aerornagnetic map and are'probably due to  
magnetic units within the volcanic rocks, as discussed by Andreason a'nd others 
(1964). 

GABBRO BODY 
The dominant feature on the  aeromagnetic map is the large 2000 gamma 

high over the gabbro body. The conspicuous ar~omaly permits extrapolation of 
the gabbra body t o  the east,  near Tonsina, beneath the sedimentary rocks of 
the Copper River basin. Inspection of the aerornagnetic map indicates several 
features. '  1. The correspondence between the magnetic anomaly and the 
outcrop pattern of gabbro is extremely good. 2. The southern magnetic gra- 
dient of the gabbro body is generally steeper than  the  northern gradient, and a 
southern dip for the southern contact is implied in places. 3. A n  east-west 
variation in magnetic anomaly intensity and magnetic gradient is apparent; the 
intensity and gradient are lower in the eastern portion of t h e  gabbro body. 4. 
A band of rocks having high magnetization and susceptibility crops out west of 
Tazlina Lake, in the western portion of the Valdez quadrangle, and is discussed 
in "the models". 



Correlation of magnetic anomaly with gabbro body: 

The aeromagnetic map, plate 3, appears to  correspond well with the  geolo- 
gic map, plate 1. Unfortunately, the gabbro crops out  discontinuo~lsly in ttie 
f a r  eastern portion of this survey rind t h e  faults shown in this a rea  on the  geo- 
logic map have been partly inferre-d from the  aeromagnetic map (Winkler and 
others, 1981). The anomaly correlates well where the  gabbro outcrops are con- 
tinuous, i. e .  west of Tazlina Lake. 

The aeromagnetic anomaly does not extend southward over the  McHugh 
Complex east  of Tazlina Lake, as  tl-IF. SBA gravity anomaly appears t o  do. The  
l o c a t i ~ n  of the contact  in this area was inferred from the geologic mapping, 
instead of from the acromaprletic anomaly (Winkler and  others, 1981). The 
difference in distance dependence of gravitational and magnetic fields resolves 
the  apparent conflict between aeromagnetic and gravity data. A gabbroic body 
at  considerable depth could cause a gravity anomaly without causing a rneasur- 
able magnetic anomaly. The rrlagnetic gradient and two modeled aeromagnetic 
profiles , figs. 19-23. in this area probably imply a southward dip of the  gabbro 
body (see section on the  models). 

General na ture  of contacts: 
The magnetic gradient on the  southern contact of the gabbro is generally 

steeper than the gradient on the north, implying a steeper dip far the southern 
boundary of the gabbro. Both the  magnetic and gravity rriodels agree with this 
interpretation ( s e e  "models"). 

East-west variations in the  aeromagnetic anomaly: 

The magnetic intensity, relief, and gradients on the northern and southern 
edges of the gabbro appear t o  vary on the  aerornagnetic map from east, to west. 
The magnetic intensity shown on the aeromagnetic map appears to decrease to 
the  east of Tazlina Lake. The average magnetic intensity in the eastern section 
of the gabbro body is approximately 1000 gammas lower than the  magnetic 
intensity to  the west, approximately 2000 gammas. The magnetic relief in the 
eastern portion of the asrornagnctic map is thus approximately 1000 gammas 
lower than the relief in the  western portion, as the  surrounding regions appear 
to  have the same magnetic intensity in the  eas t  and west. 

The change in the  magnetic intensity to  the east could be caused by 
several factors, similar to the  factors controlling the  possible decrease in grav- 
ity values on the  SEA map. The decrease in magnetic intensity may be a factor 
of increasing depth of sedimentary cover over t h e  gabbro body, or  a change in 
the magnetic properties of the rocks. The magnetism of these rocks presum- 
ably correlates inversely with silica content. A general increase in a silicic 
phase of the gabbro to the east would explain the eastward decrease of the  
anomaly. No major magnetic susceptibility trends  within the  gabbro body were 
noticeable from measurements made in this survey. However, there were too 
few susceptibility measurements made to  define a trend, given the scatter  of 
susceptibilities for samples from an individual station. 

A decrease in magnetic intensity would occur with smaller outcrops of 
gabbroic rocks. The positive magnetic anomalies eas t  of Tazlina Lake 
correspond well with the  gabbro outcrops. This correlation implies tha t  the  
depth and areal extent of the sedimentary rocks east  of Tazlina Lake probably 



Table 1 

Approximate Aeramagnetic Gradients o f  Gabbroir b o d y  

P v o f  i le Gradient ( g a m m a s / k r n )  
Southern Contact Northern Contac  t 

------c---------------------------------------------------------------- 

West  o f  fazlina L a k e  190-250 160-251, 

East o f  Tazlina Lake 90- 190 

Near Tonsina 90-125 



are the main factors controlling the level of magnetic intensity. 

The steepness of magnetic gradients on the northern and southern boun- 
daries of the gabbro body also decreases t o  the east, see table 1. Shallower 
dips for the boundaries of t he  gabbro body would decrease the magnetic gra- 
dient. However, because the  intenbity'of the magnetic anomaly varies also, sed- 
imentary deposits or a change in the magnetic properties of the  gabbro body 
are more likely sources for the  change in the magnetic gradient ( s e e  models). 



THE MODELS 

GABBRO BODY 

Modeling of gravity a n d  aeromagrletic profiles yielded information about 
the at t i tude of the northern and southern contacts of the  gabbro body, and  the 
variation of rock types within the body. Five aeromagrletic and two gravity 
proflles, plates 2 and 3, were modeled using standard techniques ( s ee  Appen- 
dices A and 3). The profiles were oriented north-south, perpendicular to  the 
trend of the gabbro belt, and lie approximately between 145O 30' and 147' 00' W. 

d 
long (see  plates 2 and 3). Two models, with gabbro depths of approximately 
three to  eight km., were computed for each individual profile. 

The computed models resemble a trapezoid. The northern contact dips 20 
t o  40 degrees to  the north and the  southern contact appears to  be steeper, 
with dips generally 70 to  85 degrees t o  the south. No significant east-west vari- 
ation in dip of the bordering contacts was noticed in the models. Table 2 surn- 
marizes the contact angles for each model. A f la t  bottom of the gabbro was 
modeled in the  profiles, but other irregular bases for  the  gabbro mass could fit 
the data  equally well. Gravitational and aerarnagnetic effects correlate 
inversely with depth, allowing wide variat.ion in the structure and physical pra- 
perties of the lower parts of modeled bodies. 

Determination of a n  optimal depth t o  the base of the gabbro body was not 
possible in this study, because of irlsufficient data and the  assumptions made 
for the  simplified models. The number. of magnetic susceptibility measurements 
is not large enough to accurately depict the  variatjon of phys i~a l  properties of 
the gabbro body on the surface, and the physical properties of the gabbro a t  
depth can only be assumed. Slightly higher magnetizations and higher density 
contrasts are generally required in the  shallow models. as compared to the 
deeper models, but all densities and magnetizations used in both models are 
geologically reasonable. 

Comparison between gravity and aeromagnetic models: 

The gravity and aeromagnetic models appear to compare favorably. One 
gravity and one magnetic profile are located in the same location, and models 
for this profile are s h o r n  in figs. 4 and 5. The gravity models are  wider than the 
aeromagnetic models. The contacts of the gabbra body probably occur between 
the  gravity model contacts and the aeromagnetic model contacts, Unfor- 
tunately, the geologic mapping can not determine the exact location of the con- 
tacts  in this area because of sedimentary s t ra ta  and the presence of Tazlina 
Lake. The difference in dip of t h e  contacts  in the  gravity and aeromagnetic 
models is generally within the uncertainty of the models, approximately 10 
degrees. 

Northern contact: 

Previous reconnaissance geologic mapping assumed t ha t  the  gabbro- 
volcsnic contact w a s  steep to vertical ( ~ r a n t z ,  1961b, 1905; Pavlis, 1900). This 
study indicates a low to  moderate dip to the north, from 20 t o  40 degrees, for 
this contact, table 2, but  a vertical fault, as shown in Ag. 27, could still be 
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TABLE 2. 

GEOPHYSICAL MODELS 

SUMMARY OF CONTACT ANGLES 

G R A V I T Y /  
MAGNET I C 
MODEL 

SHALLOW 
MODELS 

DEE F' 
MODEL. S 

n o r t h e r n  s o u t h e r n  n o r t h e r n  s o u t h e r n  
contact contact c o n t a c t  c o n t a c t  

--------------------*-------------------------------*---------- 

G A l  20 d r g .  N 75 d e g .  N 
G A 2  15 d r g .  N 40 d e g .  S 
G A 3  20 d e g .  N 60 d e g .  G 
GL3 1 15 d e g .  N 6 5  d e g .  S 
GB ;? 25 d e g .  N €30 d e g .  S 
A 1  25 d e g .  N 70 d e g .  6 
A 2  25 d e g .  N 70 d e g .  S 
A 3  40 d e g .  N 8 5  d ~ g .  N 
13 1 20 d e g .  N 40 d r g .  S 
B 2  35 deg. N 80 d k g .  S 
C 1 20 d c g .  N 55 d e g .  S 
CZ 2 5 d e y .  N 4 5 d e y .  S 
C3 45 d e g .  N 80 d r g .  S 
Dl 15 d ~ g .  N S O  d e g .  S 
D% 25 d e g ,  N '75 d r g .  S 
E 1 25 d e g .  N 45 d e g .  S 
E2 15 d e g .  N 60 d e g .  S 
E 3  40 d e g .  N 7 5  d e n .  S 



present and would probably not show up in the geophysical models. Deeper 
models with approximately 8 t o  8 km of gabbro indicate a northern contact dip- 
ping 35 to  40 degrees to  the north. Shallower models with approximately three 
krn of gabbro need a northern contact dipping 20 to  25 degrees to the north.  

Signacant  changes in the residual gravity and aeromagnetic data wrould 
have be necessary to  steepen the northern contact more than 10 degrees, and 
none of the estimated changes would change ,the nature of this contact from 
shallow t o  steep. A decrease of 20 mgals in complete Bouguer values in the 
southern portion of the  gravity profiles would change the  assumed regional 
gravity field, from constant (assumed in this study) to approximately 0.4 
rngal/km decreasing to the south, and  would require a steeper dip for this con- 
tac t ,  approximately 10 degrees. The CBA values are probably accurate to +/- 
10 mgals, thus an assumed regional field decreasing this rapidly to the south is 
unlikely. 

A lower density contrast between the volcanic rocks and the gabbro body 
would increase the  dip of this contact. The density contrasts generally 
assumed in the  gravity models were 0.20 and 0.25 g/cm3. Only 14 density 
determinations on the  volcanic rocks were made in this study. The densities 
range from 2.61 to  2.90 g / c m 3 ,  with the average values being 2.72 g / ~ m 3 .  This 
value is normal for intermediate volcanic rocks and was  used in the gravity 
models. Andreason and others (1964) determined densities on 38 "Jurassic and 
older volcanic rocks" from the  Copper River basin. The majority of the  rocks 
were from the Talkeetna Formation (D. Barnes, 1981, oral comrnun.). Their 
study showed an average density of 2.64 g / c m s .  The density contrast may be 
greater  than that used in the gravity models, and would imply an even shallower 
dip for the northern contact. 

The volcanic rocks of the Talkeetna Formation were noi included in the 
models as being magnetic, and their omission from the  magnetic models seems 
justified. The 11 magnetic susceptibility measurements on these volcanic rocks 
imply a very low magnetic susceptibility for this formation, appraxirr~ately 0.001 
ernu/cms. However, magnetization of these volcanic rocks is variable (Andrea- 
son and others, 1964). Local basalt flows may contribute to magnetic 
anomalies and are the probable cause of the slightly shallower angle for profile 
D-a*, 

Southern contact: 
Most gravity and aeromagnetic models suggest a southern dip for the  

southern contact of the gabbro body, table 2. Only two models, figs. 6 and 13, 
required a northward dipping contact of approximately 85 degrees. Uncertain- 
ties in the geologic maps, and  the  assumption of simplified bodies, probably 
introduc~s an error of +/- 15 degrees for the  angle of this contact.  

This mkeep aouthern angle does not necessarily imply a solid mass of gab- 
bro t h a t  dips steeply to the south. The gabbro body could be composed of 
several thrust slices dipping to  the north,  fig. 28. No distinctions between a 
northward dipping or southward dipping structure of the gabbroic melange can 
be made on the basis of these geophysical models. Geologically corlceivable 
models, with the gabbroic melange zone dipping either to  the south or north. 
can be made to  fit the geophysical data. A northward dipping gabbroic melange 
is shown on fig. 6, t h e  gravity traverse in the  Nelchina valley. 

The gabbroic melange zone is generally neglected in the gravity and mag- 
netic models. This omission only affects one gravity profile, as the Tazlina Lake 



gravity profile does not cross much, if any, gabbroic melange, fig. 9 and 10. The 
gravity profile in the Nelchina valley crosses approximately 2.5 km of gabbroic 
melange, figs. 6-8. Unfortunat.ely, density determination of this melange is 
difficult. Gravity models were computed using melange-gabbro body density 
contrasts of 0.0,0.1, and 0.2 g / c h 3 ,  with the  gabbro body being the densest. 
body. All models could be made to fit the gravity data. 

Omitting the gabbroic melange zone from magnetic profiles A and B, figs. 
11-15, appears to be justified as  t he  magnetization in the  melange does not 
appear to be strong. Magnetic susceptibility measurements on samples from 
the melangc showed slight values, approximately 0.0005 emu/cmS, see Appen- 
dix B. The aerornagnetic map also does not imply a large magnetization for the 
gabbroic melange zone. The presence of a slightly magnetized gabbroic 
melange dipping to the north, into the  gabbro body, can  easily be masked by 
the magnetic signature of the  gabbro. 

Magnetic profile E, figs. 21-23, crosses the  block of McHugh Complex that 
crops out between the gabbro body and the  Border Ranges fault east  of Tazlina 
Lake. No gabbroic melange was  mapped in this area. The SEA gravity m a p  indi- 
cates a discrepancy between the gravity anomaly and the gabbro outcrops in 
this area. A southward dip of the gabbro body is indicated by the  magnetic 
model. The model correlates well with interpretation of the  gravity and 
aeromagnetic anomaly in this area.  However, the greater thickness of sedimen- 
tary rocks in this area makes the  dip of this contact uncertain. 

Border Ranges fault: 

The dip of the  Border Ranges fault could not be accurately determined in 
this study. Geologic mapping and the geophysical models imply that  the Border 
Ranges fault is steep to  at least a depth of 3 km. The relatively unaltered gab- 
bro body, as opposed to  the  gabbroic melange, crops out near or adjacent to 
the Border Ranges fault in profiles GB (gravity) and  C (aerornagnetic), and is 
shown in figs. 4, 5, 9, 10, and 18-16. The gravity profile indicstes a southern dip 
for the Border Ranges fault, but the exact location of the fault in this area is 
mot known due to  glacial deposits, and  control for the  regional gravity field is 
poor in this area .  No gravity stations exist immediately south of the gabbro 
body. The aeromagnetic models do not require that  the gabbro body extend 
south of the Border Ranges fault. 

The other profiles suggest  that  the relatively unaltered gabbro body gen- 
erally dips toward the Border Ranges fault and probably approaches the fault 
a t  depths of at least three km, fig. 6-27. Interpretation of gravitational and 
aeromagnetic effects from bodies at  depth is ambiguous and many models will 
produce computed profiles similar to  the observed profiles. Thus, no definitive 
statement concerning the dip of the  Border Ranges fault can be made from 
these geophysical models. 

Alternate ternanent magnetic Aeld directions: 

Several magnetic nlodels were computed with varying directions of the 
gabbro's magnetization. and are shown in Ags. 24-26. The dip of the northern 
contact increases b y  approximately 5 degrees and the southern contact stays 



approximately the same when the assumed declination is increased from 28 
degrees t o  60 degrees. Decreasing the assumed declination t o  15 degrees 
increases t h e  dip of the southern contact to nearly vertical, while not altering 
the northern contact. 

Magnetic zones: 

The gabbro body was generally modeled by using several different magnetic 
zones within one magnetic profile. Large edge effects generally occur  when 
only one magnetization for the  gabbro body is modeled, fig. 11. The edge effects 
are produced by the contrast in magnetization of the  gabbro and surrounding 
rocks, and the angles of the gabbro's contacts. Zones of differing magnetic 
intensity were added to  the models in order that  the  modeled profiles fit the 
observed profiles. The magnetic zones trend east-west across the gabbro body 
and imply continuity of magnetization laterally within the gabbro body. The 
zones should be viewed only as possible models, and detailed mapping, petrog- 
raphy, and magnetic susceptibility measurements are necessary t o  determine 
whether these siniple zones are actually present. The northward dip of these 
zones can generally be varied about  10 degrees, bu t  could not be made to dip 
parallel to the northern contact and fit the aerornagnetic profiles unless mag- 
netically complicated bodies were used. Thus no  definitive configuration for thc 
magnetic zones can be determined from the  models. 

One distinct magnetic zone does exist, as judged from susceptibility meas- 
urements and  inspection of the aerornagnetic map, plate 3. This magnetic zone 
occurs in the  western part of t h e  Valdez quadrangle and appears to  vanish just 
east of Tazlina Lake. Geologic mapping (plate I), magnetic s b ~ c e ~ t i b i l i t y ,  and 
the magnetic models support this observation. This zone correspo'nds with a 
large shear zone, which contains peridotites, and tectonic inclusions of serpen- 
tinites (Winkler and others, 1981). The shear zone, up to  about 0.4 km. wide (J. 
E. Case, oral commun., 1981), crops ou t  in the middle of the  exposed gabbro 
body, and can be traced to  the west across the Nelchina River valley, to  the  
vicinity of the South Fork of the Matanuska River. In this area, the shear zone is 
exposed a t  the northern contact of the  gabbro and separates the  gabbrr, from 
the  volcanic rocks (Pessel and others, 1981). 

Ultramafic rocks: 
The Nelchina valley traverse, figs. 6-8, shows a complex gravity profile com- 

posed of a broad 30 mgal high wjth a narrow superimposed 20 mgal peak. This 
peak correlates with a band of ultrarnafic rocks, approximately 0.7 krn wide, 
located within t he  gabbroic body. These ultramafic rocks are dominantly peri- 
dotites, as judged from preliminary thin section examination (G, H. Pessel, oral 
commun.. 1901). This narrow peak is not observed on the next traverse to  the 
east,  figs. 9 and 10, and gravity stations are too sparsely located between the 
Tazlina and Nelchina traverses to detect a small ultramafic body. The lack of 
geophysical data combined with the lack of detailed geologic mapping precludes 
delineation of an  ultramafic body in the area. 

A density value of approximately 3.2 g/cm3 is implied for the  ultramafic 
rocks, as a density contrast of 0.25 g/crn3, between the gabbro and the 
ultramaflcs, produced t h e  best fit gravity profiles, and about 2.92 g/cm3.  



East-west variations: 
The angles of the contacts  bordering the  gabbro body do not  seem to 

change significantly along t h e  section of gabbro modeled, table 2. Profile E 
crosses the McHugh Complex north of the  Border Ranges fault instead of the 
gabbroic melange zone, like most o f  Lhe other profiles. N o  major differences in 
t he  southern contact  exists between model E a n d  the other  models. Profile D 
has a shallower northern contact  than the othgr profiles, which is probably pro- 
duced by interference by some local anomaly in t h e  Talkeetna Formation, as  
judged by inspection of the  aerornagnetic maps. 

The mah east-west variations implied from the geophysical modeling con- 
cern the  magnetization. The magnetization appears to increase slightly from 
east to  west. The highly magnetic shear zone west of Tazlina Lake is probably 
the major cause of this variation. An additional source for the decrease in  
measured magnetic intensity, and hence lower magnetizations used in the  
models, is t h e  increased thickness in sedimentary cover in the eastern portion 
of the gabbroic body. The positive magnetic anomalies correspond extremely 
well with individual outcrops of gabbro. 

SMaL ANOMALY SOUTH OF THE BORDER RANGES FAULT 

A small positive buliseye-shaped anomaly, about 100 gammas in amplitude, 
exists south of the Barder Ranges fault. The high is coincident with the  thrus t  
klippe of gabbro sitting on top of t h e  McHugh Complex. Profiles A and B, figs. 
11-15, cross this southern anomaly, and imply tha t  it is about  300 me te r s  thick. 

TWIN LAKES ANOMALY 

The Twin Lakes positive anomaly, about 400 garnmas in amplitude, in  the 
northwestern part  of the Valdez quadrangle occurs over the  sedimentary s t ra ta  
of the Talkeetna Formation. Andreason and others (1964) interpreted the  ano- 
maly as as anticline bringing magnetic volcanic rocks near the  surface. Model 
F1. fig. 29, implies that the magnetization of the anomalous body must be much 
higher than t he  magnetization of the volcanic rocks measured in this survey. 
Best fits were produced with models using a magnetization of 0.003 emu. This 
value is suggestive of basalt or an igneous intrusion. Basalt flows are common 
in the  Talkeetna Formation and are the  probable cause for the anomaly. A 
magnetic Tertiary intrusion could possibly cause the anomaly. However, no 
known Tertiary intrusions a r e  significantly magnetic in this area. The gabbro 
body is apparently the only known plutonic rock with significant magnetization, 
and cannot  be completely dismissed as the possible source, either a s  a fault 
sliver, or an intrusion in to  the  volcanic rocks beneath the  sedimentary 
sequence. 





Figure 5: Comparison o f  gravl  ty and magnetic model s for deep gabbro body-- 
Tar1 lna Lake prof1 1 es 

GB' 
I t 

rCI topogrrphlc protllr Border Range8 fault  = -so0 1 
l o r  gravlty modml mainly gabbro 

4 - h p o M e f u  

J11 w-•0 3 5. l  k t  
from plate 2 topographic profile tor - .* 2 

1 f r a t  - km km. 
rloar.. ,, 4tet 7 . -  a , , , , >  , w m  #OQ) Wy.. 

I 

k n . O l a $ V s  10 I flo00. 
t "  I 









0 0 0  
h f r c I  g o o  - 































r) - 
9 & 

.Y 
4 
w 

$7 I 

VI 0 
V) 'r 

0 -  * 7 

U 
G c 
.r.r 
IC 
u 

CI C 
Vl tu 
a 

CIc 6 
0 .** I 

*+' 
CI tu 
t *- 

t 
1 

aJ- 
w v 

1 
I 

S% I . . I 
n I 
e 
N I 

I 
I 
I 1.1 

0 C a r  



I 1 g- 
- +- - 
- n- 

8: n- P - - *  

0 - 
0 -  E 

x 
t 
Y 

E 
+ a  

* 0 HS, y , :  
2 - I . . ' . . , . . . 
8 b' ' i '  8 

CY 
B, I 

c 





Figure- 27: D i a g r a m t i c  sketch showing vertical f a u l t  between the gabbro 
body and volcanic rocks 



Figure 28: Diagramnatlc sketch, showing a1 te rna t ive  internal  conf i gurations 
o f  the gabbroic body 

28a: Continuous mass o f  gabbro 

28b: Gabbroic body consist ing of northward dipping thrust slices 
A 



,Figure 29: Aeromagnetic profile o f  the Twin Lakgs anomaly 
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CONCLUSION 

Geophysical modeling of the  gabbro body provides information on the  
shape of the  gabbro body, the  possible dips of the  surrounding contacts,  the 
Border Ranges fault, variation of physical properties within t h e  gabbro body, 
and delimits the  prescence of ultramafic rocks: 

The models imply tha t  a north-south cross-section of the  gabbro body is 
similar in shape to a trapezoid. The northern contact  dips a t  low t o  moderate 
angles to  t k  north,  and the  southern contact apparently dips steeply to the  
south. The attitude and depth of the  basc of the  body is uncertain. Models with 
a horizontal base fit the observed gravity and aerornagnetic proflles and can 
extend t o  depths of three  to  eight km, or more, bu t  other configurations for  the  
base of the gabbro body will fit the observed anomalies equally well. 

Two s t ruc tura l  constraints on the  geophysical models have been produced 
by the geologic mapping. The Border Ranges fault is steep to  vertical, and the  
geophysical rnadels do not, need to  violate this constraint. The northern con- 
tac t ,  between the gabbro body and the  volcanic rocks, is a steep to vertical 
fault zone. However, geophysical modeling indicates a shallow to  moderate dip 
t o  the  north for this contact.  Unfortunately, a steep to vertical fault (separat- 
ing mainly gabbro) will no t  s h o w  up in these geophysical models, fig. 27. Corn- 
bining the geologic mapping and the  geophysical models indicates t h a t  the gab- 
bro was beneath the volcanic rocks, and a recent  steeply-dipping to  vertical 
fault moved part  of the  gabbro body t o  the surface,  placing the  gabbroic rocks 
in fault contact  with the  overlying volcanic rocks. The geophysical models indi- 
cate that gabbraic rocks exist below the  volcanic rocks north of the exposed 
contact.  

The southern contact  of the gabbro appears to be steep and generally dips 
to the south. The internal configuration of the gabbro body can not. be del- 
ineated by the  geophysical models and the southward dipping gabbro may be 
composed of thrus t  slices dipping t o  the north, fig. 28. 

The Border Ranges fault can be inferred to  be steep to a t  least a depth of 
three krn and probably more. The gabbro body appears to approach the 
Border Ranges fault a t  depth. Most of the  observed anomalies imply tha t  the  
gabbroic rocks extend southward to the Border Ranges fault; however. many 
models can  fit the  observed profiles and no definitive modeling of the  Border 
Ranges faul t  is possible with t h e  present data. 

A decrease in the  gravity and aeromagnetic anomalies t o  the  east is most 
plausibly explained by an increasing amount of sedimentary rocks overlying the 
gabbro body. The presence of a more silicic phase of the  gabbro in t h e  eastern 
part of h e  survey area could also produce the observed geophysical anomalies. 
No major.variations in rock type have been noticed as yet, as judged by geologic 
mapping, magnetic susceptibility measurements, and density determinations. 
However, geologic mapping is still reconnaissance in nature and  few rneasure- 
ments on the physical properties on the rocks have been made. The present 
data is thus inconclusive. 

U l t r a d c  rocks occur within the gabbro body. One mappable shear zone 
includes peridotites and tectonic blocks of serpentine (Winkler and others, 
1901). Geologic mapping, the aerornagnetic map, and magnetic modeling indi- 
cate that this highly magnetic zone is approximately 45 k m  long, and crops out  
in the middle of the gabbro body west of Tazlina Lake. The shear  zone is no t  
apparent t o  the east of Tazlina Lake. To the west, the shear zone appears to 



crop out a t  the northern edge of the  gabbro body ( ~ e s s e l  and others, 1981). 
The absence of the northern section of gabbro in this area, may imply faulting, 
or  just a normal variation of an intrusive contact.  

Peridotites also crop out  on. the  Nelchina River Valley. Gravity modeling 
indicates that the  belt of ultrarnafic kocks is approximately 0.7 km wide.  The 
lateral extent of these ultrarnafic rocks is not  yet known, due  to lack of detailed 
geological and  geophysical data.  

Source of t h  gabbroic body: 
The source sf this large gabbroic body is not known. The aeromagnetic 

and marine magnetic anomalies suggest tha t  a mafic and  ultrarnaflc belt of 
rocks occurs on the northern side of the Border Ranges suture  zone from at  
least the  southern Copper River basin t o  southwest of Kodiak Island. Possible 
categories for t he  gabbroic rocks include ophiolites, a failed rift, the  base of a 
primitive island arc,  and an intrusion or series of intrusions. 

The belt does not appear to  be  a n  ophiolite o r  a failed rift. The gabbroic 
belt does not appear t o  contain characteristic ophiolite sequences. However, 
the belt is structurally dismembered and an  entire ophiolitic sequence would 
probably be difficult to  find. Continental rifts a re  associated with alkali olivine 
basalt and tholeiitic basalts. The volcanic rocks in this area are dornirlantly 
andesitic in composition, and were presumably formed in an island arc. No rift- 
related volcanic rocks in this area are known. 

The base of an island arc or  some type of intrusion seems the  most plausi- 
ble explanation. Tbe features of the  base of an island arc a re  not  known at this 
time. Clearly. the relationship of the gabbroic body to  the volcanic rocks over- 
lying the body is an important piece of evidence. Unfortunately, geologic map- 
ping at this time is equivocal, and the geophysical models cannot determine 
whether the contact  between the gabbro body and t he  volcanic rocks is 
intrusive or a fault. Though the  exposed contact  beteween the  gabbro body and 
volcanic rocks is a fault,  the  shear zone may mask a an intrusive relationship. 
A possible intrusive relationship has been noted several times in the  fault zone, 
b u t  the contact  has been equivocal. Two possible intrusions of the gabbroic 
rocks into the volcanic rocks have been noted in t h e  western Valdez quadran- 
gle. Detailed geologic mapping is required to  determine the  relationship 
between these two units. 

Relationship of the  melange zones and Border Ranges fault:  

The steep Border Ranges fault does not appear t o  be t he  cause of the 
melange zone, as tbe two features possess markedly different styles of deforma- 
tion. The Border Ranges fault is well exposed and appears t o  be a zone of 
steeply-dipping fault segments, whereas cataclastic deforrrlation predominates 
north and south of the  fault  (in the gabbroic melange, the gabbro body, and the 
McHugh Complex). Furthermore, the gabbroic melange can be divided into 
several different map units, which trend into the  Border Ranges fault west  of 
the Nelchina River a t  an approximate angle of 20 degrees, and t hus  implies tha t  
the gabbroic melange was formed previous to the B o r d e r  Ranges fault (Pessel 
and others, 1981). 

The relatively unaltered gabbro body is the most obvious source for the 
gabbro blocks in the gabbroic melange. However. Winkler and others (1981) 
believe that the nor thern  boundary of t h e  melange zone should be termed the  
Border Ranges fault and  tha t  the crystalline melange is not related to  the 



gabbro, but is instead, an agglomeration of mafic rocks scraped off against t he  
continental border during a subduction event. Resolution of this major contro- 
versy requires detailed geologic mapping and  petrography to  better  unders tand  
the Border Ranges fault and suture zone. 
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APPENDICES 
MEASUREMENTS, PROPERTIES, AND COMPUTATIONS 

APPENDIX A: GRAVITY DATA AND COMPUTATIONS 

The gravity stations used for modeling and  contour maps are from compo- 
site sources. During 1979 and 1980, 105 gravity stations were  established in the 
northeast  corner of the  Anchorage quadrangle, between W. long 147' 00' to  147' 
40' W. long., and 60' 30' t o  61' 50' N. lat., by the Alaska Division of Geological and 
Geophysical Surveys. During the past 30 years, approximately 300 stations, 
including a Tazlina Lake traverse and 30 stations in 1979 were established by 
the United States Geological Survey in the area. 

Three LaCoste and Romberg gravity meters were used to  established the 
1979 and 198C) stations. All meters appeared to be functioning correctly, and 
were checked against an  established U. S. G. S. calibration loop in Anchorage 
and California. Most of the gravity measurements previous to 1979 were made 
with World Wide meters. 

The data was tied into the main gravity network by looping field base sta- 
tions with established gravity bases on the Glenn Highway. Several field base 
stations were used during the project. Gravity stations were established with 
looped traverses which were generaly closed within a four hour period. No 
traverses had a greater time lapse than ten hours. 

Locations and Elevations: 

Elevation control was established from map locations and altimeter read- 
ings. The altimeters were checked with bench marks for accuracy and func- 
tioned correctly. The altimeter readings were given priority in discrepancies 
between map and altimetry elevations. 

The Tazlina Lake gravity traverse has an additional suurce of error due to 
the unknown depth of Tazlina Lake and its related sedimentary rocks. Depth 
sounds were  mad^ in 1952 by John Williams, of the U. S. G. S. Several models 
were tried with lake depths ranging from approximately 45 to  120 m. No major 
changes in the shape of the gabbro body occurred. 

Reduction of gravity data: 
The'gravity data presented in this paper have been reduced by computer 

techniques. Reductior) of t he  gravity data was also computed by hand t o  insure 
that the computer program worked correctly. Only minor discrepancies, less 
than 0.7 mgal (milligal) were found, and were due to different methods of 
averaging the temperature measurements established a t  the gravity stations. 
Simple Bouguer corrections using a uniform density of 2.67 g / c m 3  per 
cubic centimeter) were  made for all stations. The bouguer anomalies were com- 
piled as a contour map having a Ave milligal contour interval, plate 2. The sim- 
ple Bovguer values are estimated to  be correct to +/- 2 rngals. Uncertainties in 
elevation a n d  location of the gravity stations are the rnclin source far the error. 

Various minor corrections were  made t o  the data before computing the 



simple Bouguer anomaly. The meter constant, from a LaCoste Rornberg table 
was applied, linear drift was assumed, and t h e  data normalized, and a correc- 
tion factor to the altimetry w a s  applied for changes in relative humidity. 

The following standard equat ions were used: 

1. Simple Bauguer anomaly with reduction density 
of 2.67 g / c r n 3 .  

where Agb = simple bouguer anomaly 
h = height in feet above sea level 
rr = 3.1415 ... 
p = density constant ,  assumed 

value of 2.67 g / c r n g  
G = gravitational constant 
g r  = lati tude correction 

Latitude correction w a s  computed according t o  the 
1967 formula; 

2. Complete Bouguer anomaly 

where g*, = complete Bouguer anomaly 
t. c. = terrain corrections computed to 50 k m  



Terrain corrections: 

Terrain corrections to 50 kilometers were made for the two modeled grav- 
i ty profiles, fig. 30. The Nelchina gravity stations were terrain-corrected by 
hand and computer, and the  Tazlina gravity stations were terrain-corrected by 
hand. The Nelchina profile generally has  larger terrain corrections than the 
Tazlina Lake profile, due to the rugged topography near the Nelchina glacier, 
The terrain corrections on the Nelchina were less than  11.a mgals, with the  
majority of terrain corrections being between 5 and 9 mgals, see fig. 30. All ter-  
rain corrections and on the  Tazlina Lake profiles were less than 10.0 rngals, with 
the  majority being less than 5 rngals. The terrain corrections a r e  assumed to  
be accurate t o  f/- 2.0 rngal for rnost stations and +/- 4 mgals for the  least 
accurately located stations. 

The gravity values shown in the  profiles t o  t he  south and north of the esta- 
blished gravity stations were interpolated from Barnes (1979). The e r ro r  associ- 
ated with the te r rane corrections for the  northern values is approximately +/- 
3 rngals, due  to interpolation and estimation. The values in the Chugach Moun- 
tains have a larger error,  possibly up t o  +/- 10 rngals, due to interpolation 
between the  f e w  gravity stations and the  rugged terrain. 

Assumed regional gravity field: 

Sirnple Bouguer values were interpreted from a regional gravity rnap of the 
area (Barnes, 1979). An approximately constant  regional gravity Aeld was  
assumed for the  modeled profiles, a s  the difference between the estimated corn- 
plete Bouguer values north and south of t h e  gabbro body are generally less 
than +/- 5 rngals. 

Rock Density: 

Density measurements from this study a n d  from Case and others (1979b) 
were used for modeling, see table 3. The average density nf the gahbro body, 
2.92 g/crnfl was sufirsiently distinct from the  densities of t he  adjacent rock 
belts. generally 2.72 g / c m 3 .  to allow modeling of the  gravity profiles. IIowever, 
t h e  number of samples measured in a few of t he  units is not  statistically valid. 
The densities measured and used a r e  appropriate values for the  corresponding 
rack type. 

Program used: 
A program assuming two dimexlsional s t ructures  was  used (U. S. G. S. pro- 

gram 2dgrav3, C. Roberts. 1977). The structures,  including rock formations, 
glaciers, and lakes, a r e  assumed t,o extend t,o infinity in both directions in this 
program This assumption will not  introduce much e r ro r  as the gabbro body is 
thin in outcrop relative to its length and is the dominant contributor to the 
gravity anomaly. The gravity models were plotted a t  right angles t o  the  geologic 
trends, to minimize the  errors. 
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DENSITY nETERMINATIONS 

DENSITY ( g r r t / c u b i t  c n t )  
ROCK TYPE NO. OF SAMPLES M I N .  W A X .  CI,VE. 
*_-4__~____111_d1_1--------~--~-----&-------------------------~~-~---- 

Sed i n ~ e n t ~ r y  and 113* 2 .  67 3. 04 2. 78 
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APPENDIX B: AEKOMAGNETIC DATA AND COMPUTATIONS 

Aeromagnetic Maps: 
Aerornagnetic reconnaissance of t he  majority of the Valdez quadrangle was 

flown and compiled by LKB Resources, Inc. in 1978. In addition, the northern- 
most part of the  Valdez quadrangle was flown in 1954 and 1955 and compiled in 
1958 by Andreason and  others. Neither map covers the entire gabbro body in 
the  Valdez quadrangle and the  1958 acromagnetic map is therefore spliced into 
the 1978 map (plate 3). Some uncertainty, approximately +/- 50 gammas, is 
associated when combining t he  two aeromagnetic maps. Unfortunately, the  
northeastern corner of the  Anchorage quadrangle is not covered by aerornag- 
netic data. 

The 1978 aeromagnetic survey w a s  made with a fluxgate magnetometer 
installed in a fixed-wing aircraft. Total intensity magnetic da ta  were  recorded 
along 64 north-south and 54 northeast-soutllwest flight lines. The flight lines, 
approximately 1.6 km. apart ,  were flown drape style, 300 meters above the ter- 
rain. 

The original survey, in 1954, covers a port,ion of the cur ren t  survey and a 
large area  t o  t he  north of this survey, the Copper River basin. The 36 flight lines 
were flown a t  1.2 km barometric pressure, except where terrain interfered and 
were spaced 1.6 krn. apart. The acromagnetic profiles in the  1958 survey were  
flown a t  a barometric flight elevation of 1.2 km, except locally where topogra- 
phy required higher flight elevations. Continuous total-intensity magnetic data  
along flight traverses were obtained from a modified AN/ASQ-3A airborne mag- 
netometer. A detecting element was towed about 23 meters below the  aircraft. 

The aeromagnetic maps a re  joined and contoured, plate 3, at 100 gamma 
intervals over t he  gabbro body and 20 garrirna intervals elsewhere. Joining the 
aeromagnetic maps introduces error,  approximately f/- 50 gammas. 50 gam- 
mas is well within the  uncertainties is the  original aeromagnetic data. Two 
profiles, D and E, are compiled from the combination of aeromagnetic maps. 

Generalization of rnagnetic character:  

The simplicity of the rnodels is probably the  largest source of uncertainty. 
particularly in the magnetic models. The recording instrument for magnetic 
intensity is placed far  above the magnetic body fur aeromagnetic surveys. The 
magnetic effects of a number of closely spaced sources will blend together when 
viewed from a large distance and will appear as a single anomaly pattern. Thus, 
it is impossible to  sort  out different magnetic bands when using only aerornag- 
netic data. 

The magnetization of the gabbro body appears t o  vary considerably 
between neighboring outcrops. Magnetic susceptibility rrieasurements indicate 
a change of magnetization on the  order of delta J=0.003 for adjacent outcrops. 
Unfortunately, the  number of susr:epLibility measurements are too few to del- 
ineate magnetic zones within the gabbro body, and the  magnetic properties of 
t he  gabbro body at depth are not known. Several large blocks wi th  differing 
magnetizations a r e  combined in most of the aerorr~agnetic models. Large mag- 
netic blocks consisting of uniformly magnetized material are  an  unlikely 
occurrence in this gabbro body. The models shown in this paper are the sim- 
plest models t ha t  approximately fit t h e  observed profiles. The gravity rnodels 
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are also a product of simplification. 

Remanent and induced magnetism 

Gabbro body: A plot of the susceptibilities (K) of 59 specirrlens from the 
gabbro belt shows the median susceptibility value to be 4.4 X 10 -3 c m u / c d ,  
fig. 31. The induced magnetism (Ji) in the Earth's field (F), 0.52 Oe at  62 N. lat., 
is 

Ji = KF = 4.4 X 10 -3 X 0.52 
= 2.3 X 10 -3 . 

Magnetizations used in the modeled proflles C, D, and E gerlerally differ from Ji 
only by 0.7 X 10 -3 emu/cm3 or less. Aerornagrletic profiles A and B cross a belt 
of high magnetic susceptibility and the  rnagnet.izations used in the  models were 
higher, up to  6.0 X 10 -3. 

The magnitude of the remanent rnagnctization of 18 specimens from 
the gabbro belt had a median value of 2.8 X 10 -3. table 4. No oriented samples 
were  taken. Dernagnetizat,ion in an  alternating field implied that  the 
remanent magnetism is soft, fig. 32. Alternative declinations, within 60 degrees 
of the present magnetic field, and inclinations for the rernanent magnetic field 
were modeled in several magnetic profiles. The dips of the contacts did not 
change more than 10 degrees. 

Three specimens of serper~tinite from the gabbroic melange zone were 
tested for magnetic susceptibility. and produced values of K = 0.0000, 0.0005. 
and 0.0007 emu/cm3. The aeromagnetic anomaly over the  gabbroic melange is 
low and the  assumption that  the gabbroic melange is too sheared to  be mag- 
netic is probably valid (implying weathering of magnetite to  ferric oxide, such 
as hematite). 

Surrounding rocks: 

The magnetization of the rocks surrounding the gabbro body was neglected 
in the models. The metasedimentary rocks t o  the south of the gabbro belt have 
virtually no magnetic susceptibility, as measurements from Case and others 
(1D79b) and frorn this study indicate. 28 samples from the McHugh Complex 
were measured in this study, and only one sample, a marble, had a magnetic 
susceptibility greater than 0.0005 emu/ ern3, fig. 16. 

Susceptibilities of 14 volcanic rocks from the Talkeetr~a Formation t o  the 
north of the  gabbro were measured and s h o w  a mediarl susceptibility of 
K = O . O O l l  emu/cm3, fig. 16. Though the number of specirner~s measured is not 
statistically valid, inspection of the aeromagnetic map indicates that  the a mag- 
netic low, in contrast, is generally associated with the volcanic rocks of the 
Talkeetna Formation. Neglect.ing the magnetizations of the volcarlic rocks and 
the metasedirnerltary rocks is probably valid for the purposes of these models. 

Assumed regional magnetic field: 



Figure 31 :Histogram o f  Magnetic Suscepti b i  1 i ty  (K) mea.surements . . 
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Small regional magnetic fields were removed from thc observed profiles. 
The removed regionals decrease to the  south and range approximately from 3 
to  12 gammas/ km. The IGRF (1975) for this area is approximately 5 
garnmas/km in a northeasterly direction. 

Computation method: 

The magnetic models were computed using a two-dimensional modeling 
program (twomag, R. Blakely, 1973, USGS). 
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Figure 32: Demagnetization curves of two gabbro specimens (Courtesy S. Grommet and J .  Hill house, 
U.S.G.S.) 
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