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ABROMAGNETIC DATA AND INTERPRETATION

In 1875 the U.5. Geological Survey acquired addi-
tionel aeromagnetic data to filil the gap In the 1973
aurvey. Thig 1975 data block covers the rectangular

area lat 62°30° to 63° N. and long 151°45' to 152°30° W.-

Both dara sets were collected along north-south flight
lines, the 1973 traverse at intervals of 1.2 km the
1975 at 1.6 km. The flight altitude was a nominal
300 m above the grxound. Compilation was originally in
tha form of 30- by 15-minute quadranglea at a scale of
1:63,360; these quadrangles have been combined and re-
duced to form the present map. The contour interval
is 10, 20, 100, or 500 gammas, depending on the steep~
nesg of local gradients in the Earth‘s magnetic field.
Before the map was contoured, a regional field (up-
dated IGRF, 1965) was removed from the data by com-
puter and 5,000 gammas arbitrarily added to all values.

The local topographic rellef for the northern part
of the map area and the west half is very large, ex-
cesding 4,000 m at Mount Foraker on the north border
of the quadrangle and commonly exceeding 1,000 m
throughout half the area, The fixed-wing alroraft
uvged for the survey flew approximately 300 m above
the ridge crests and descended only as far as safety
permitted into the intervening valleys. Continuvous
recordlng altimeter data are available for each tza-
verse. Because the rocks making up the topographic
featuras of this map area are not in general highly
magnietlc, the high relief doas not cause local mag-
netic anomalies due to topography. The few excep-
tions are specifically described under "Rock units."

The magnetic anomalies and patterns on the mag-
netic map are caused by variations in the amount of
wagnetic minerals, commonly magnatite, in the vari-
ous rock unita and are therefore closely related to
geologic features. The magnetic anomalies in the
map area are caused by lgneous rocks, both plutonic
and volcanic, by serpentinized ultramafic rocks, and
by tha contact-metamorphosed rocks {n the wetamor-
phic aureoles of certain plutons.

The aaxomagnetic interpretation map (sheet 2} was
compiled hy the following procedure: a preliminary
interpretation map was constructed using only the
magnetic map and not referring to the geologic map;
the interpretation was then compared with the geo-
logic map ang refined by modification of boundaries
and tha addition of a few more anomaly boundaries
and intarpreted faultg, At this latitude, bound-
aries between magnetic and relatively nonmagnetic
rock units are in general located on the flanks of
the magnetic anomalier, approximately at tha steep-
est gradients, The aeromagnetic interpratation map
containg many such intarpreted boundaries drawn ,
around c¢haracteristic magnetic anomalies. In addi-
tion, a few boundaries are drawn to Eeparate rela-
tively flat magnetic areas from rather irregular
areas. Some of these interpreted boundariea corres-
pond approximately to mapped geologlo contucts shown
on the generalized geologic map, Other boundaries
may represent rock units that have not yet heen
located by geologic mapping., Many of the boundaries
are concealad by extensive Tertiary and Quaternary
alluvial deposits, particelarly in the northwestern
and southeaetern parts of the area and in the broad
river valleys of the central part. In general, these
boundaries are believed to be exposed at tha top sur-
face of the bedrock. Long linear magnetic hound-
aries that may truncate other magnetic features are
interpreted ag faults and are so indicated an the
interpretation map. Minor discrepancies between

mapped geology and aeromagnetic intexpretacion axe to
be expected at this map 3cale; they may arise from
errors in aireraft location, from the semiquantitative
nature of the magnetic interpretation, and fyom the re-
connaissance nature of the geologic mapping.

Certain magnetic lows on the map are interpreted to
be the result of reverse ramanent magnetization of the
asgociated volcanic, plutonic, and metamorphic rock
units; they are indicated by a subscript capital letter
“R." These lows are relatively isolated and are con-
sidered to be below the loocal background lavel of the
magnetic field, which on this map ls set arbitrarily
at 5,000 gammas. Other magnetic lows, particularly
those on the north, northeast, and northwest sides of
the major magnetic highs, are produced by edga effects
and have nothing to do with reverse remanent magnetiza-
tion.

In the following sectionsa, the magnetic expression of
the various rock units is discussed.

ROCX UNITS

Volcanic rocks

A number of small masses of volcanic rocka of various
ages are ewposad in the Talkeatna quadrangle. Commonly
these volcanlic units are associated with magnetic anoma-
liag, but not all such masses produce anomalies.

In the northwest corxner of the map area, a discontinu-
ocus linear magnetic high is assoclated with a pillow
basalt unit along the northwest side of the Denali
fault. A few anomalies in the extreme northwast corner
whose sourcas are concealed beneath Quatermary sediment-
ary deposits are interpreted to be caused by volcanic
rocka hut cauld be cauged by plutonic rooka. Six anoma-
lies no more than 12 km southeast of the Denall fault
are Interpreted to be caused by volcanic rocks, but two
of these anomalies are not associated with mapped ex-—
posuras of suech rocks.

In the extreme northeast corner of the quadrangla, a
distinct magnetic low (Vg) 1s associated with an area
of volcanic rocks. These rocks must have reversed
remanent magnatization to explain the sharp low,

At Happy River Valley in the southwest corner of the
area, expasures of Tertiary volcanlc rocks provide an
explanation for at least two small magnetic highs. The
larger high underlying the entire valley in this area
ig believed to be caused by a concealed source, probably
a granitic pluten (Pq3).

Two linear magnaetic highs (V), one about 40 km long,
are recorded in the north center of the map area. The
source of thege anomalies is unknown, but thelr form
indicates a steeply 4dipping tabular mass of magnetic
rocks, possibly a dike or a sill and also possibly a
thin layax of volecani{c rocks. The country rocks here
are nonmagnetic graywacke, arglllite, and shale of
Jurassic and Cretaceons age and strike generally north-
east, parallel to the Denali fault in this area. Sim—
ilar anomalies (labeled Vp) are seen at the south
center of the area: one is about 25 km long. Thesa two
anomalies vary in strike by about 6§0° but are near the
southeast margin of the belt of Jurassic and Cretaceous
rocks (see section on concealed magnetic rocks of the
southeast corner) and ure approximately parallel with
the norcheast-striking south margin of the graywacke
belt. Although the source of these anomalies 18 con-
cealed, the depth to source is in general estimated to
be no grester than 500 m below the surface and there-
fore possibly at thae unconforwity below the Tertiary
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sedimentary deposits and at the top of the Jurassic
and Cretaceous graywacke (8. L. Reed, written commm . ,
1978, estimates that the Tertiary rocks hexe may be
thicker than 500 m). The cause of these linéar north-
ern and southern sets of anomalies may be the same and
saams to bear aome relation to the regionul struoture
of the graywacke basin as a whole.

Orher volcanic¢ rocks interpreted to be present in
the subsurface of the southeast corner are discusged
{n the last section.

Ultramafic rocks

Serpentinized ultramafic rocks commonly produce
large aeromagnetic anomalies because secondayry mage
netite develops in such rocks in the process of der-
pentinization. All known ultramafic rocks in this
ayea cause aeromagnetic anomalies, labaled "U" on
the interpretive map.

Anomaly U;, ip the northwest part of the map area,
is clearly assoclated with a mapped ultramafit body.
The apomaly is on strike with a small high 5 km
northeast, also tentatively interpretad a¢ caused
by serpentinite.

A series of three magnetic highs, Uy, U3, U4, oon-
éct geveral isolated areas of exposed uvltramafic
rocks and indicate that they may form a more contin~-
uous rock mit. Anomaly us, cotposed of both mafic
and ultramafic rocks, has wide gradients extending
3 to 4 km southwest of any exposed mafic or uvltra-
mafic rocks mapped; the anamaly form and the gradiente
suggest that a large mass is present in th¢ subsurface.
The measured magnetic sugcaptibilities of six ssmples
from diis_iod: mass range from 3.38 x 10_; to
9.60 x 10 “emu/cm3 and average 5.40 x 10 corres~
ponding densities for the six samples range from
2.46 o 2.77 g/mn3 and average 2.57., The magnetic
gusceptibilities are large and help explain the an-
Plitude of magnetic high U;. The densities are low
and indicate a marked degree of serpentiniwationm.

Because podiform chramite is associatgd with these
uiltramafic rocks (Reed and others, 1978), the saro~
magnetic Aata indicate additional aresg to prospect
for chromite,

Intrusive rocks

Many plutons of Late Cretaceous and Tertlary ages
{Reed and Lanphere, 1973) cut the layered rooks of
the Talkeetna gquadrangle. Most of these intrusive
rocks must be essentially nonmagnetic becsuse the
assoclated magnetic fiecld is commonly a8 emooth as
that over the nonmagnetic layered rogks. Soma of
these nonmagnetic plutons are locally rimmed by
contact-metamorphosed country rocks that are mag-
netlc (see following section) and that at some
places provide an cutline defining the spproximate
position of the pluton (for example, the pluton at lat
62°25' N., long 152°40' W. and pluton P4). Thase
approximate positions are shown as dashed lines on
the interpretation map, which outlines tha two ex-
posed plutons in the west half of the map and on
inferred third concealed pluten (Pe) in the south~
east part of the central map area (lat 62°15' N.,
long 151°G0' W.).

In the west hxlf of the map area, a sérles of small
plutens (P;) or small areas within plutons (P,) dis-
play small subcircular magnetic anomalies., S5ince two
of these anomalies (one at lat 62°32' N., long
152°10° W. and one lat 62°30' N., long 152°30" W.)
occur ovexr known mafic phases of the pluton, meny or
all of the anomalies may 4indicate the presence of such
phases. R group of three such anomalies {s associated
with the Kichatna plutons, a cluster of granodiorite
masses in the hills between the Kichatna River and the
Rappy River. The magnetic pattern ngar theae plutons
is one of many small local closures; and this area of
{rregular magnetic field (s interpreted to indicste
a concealed larger pluton (Pcl).

Near the west edge of the map at lat 62°30' N., »
small intrusion of biotite~pyroxene gabbro corresponds
in locacion with a much broader circular magnetic high
(Py), whose marginal gradients indicate outward-dip-
ping contacts of a& much larger concealed mass. This
pluton displays copper mineralization (Reed and others,
1979) .

In the noxthwestern part of the map area, a series
of magnetic highs (P;) are associated with certain
small gabbro and quartz diorite dikes. Where the mag-
neti¢ plutons form topographic highs, proximity of
magnetic rotks to the aireraft accentuates the anoma~
lles.

Pluton P,, though itself nonmagnetic, is outlined
by varioug msgnetic anomalies produced by several
causative rock types and is associated with several
kinds of mineralization (tin, silver, beryllium).

Three magnetic highs (Ps) shown in the north center
of tha agromagnetic map are associated with small
plutona that appear to be somewhat different frow the
surrounding larger plutons.

concealed plutons may be inferred from several dif-
ferent Xinds of evidence. If a pluton is magnetic with
neaxvsurface extension, it may give rise to an area of
ixreqular magnetic field (pluton P,y). Or a body or
bodies may produce a broad anomaly with wide marginal
gradients that indicate a source at depth below the
suxrface. AnOmalies Peys Pey. and Poy in the southwest
part of the quadrangle are of this type; judged by the
width of the magnetic gradients, the sources of Paz
and Pn, are at a depth probably no greater than 2 km;
the source depth of Po3 is somewhat deeper, though con-
tinvous with Po, and Pcy.  Another kind of evidence
for m concedled pluton is a magnetic anomaly cauged by
contact-metamorphosed country rocks (see following sec-
tion). For example, ancmalies Mp, and Mpy, associated
with pluton P 40 8T good supporting evidence for the
existence of &is pluton, independently inferred from
its asgociated broad magnetic high. Magnetic anoma~
lies such u8 Mp, and the several anomalies labeled
indicate concealed subsurface plutons in this way., All
of thase concealed plutons may be of economic interest
becauge of the high metal content Ln stream—-sediment
and pan-concentrate samples collected in scme of these
areas (Curtin and others, 1978a,,1978b).

Orhexr poseible concealed plutons are discussed in the
gection dealing with concealed rocks of the southeast
coxrnex .,

Contact metamorphosed sedimentary rocks

Rimming many of the plutons that intrude the central
Belt of Jurassic and Cretaceous graywacke and argillite
are magnetic anomalies over the adjacent layered rocks.
On the map, such features are especially vigible in the
north¢ast part of the guadrangle and in the western
third. Mot of these anomalies are lows (labeled M )
And therefore thought to be caused by rocks with re=
varse remament magnetization. A few anomalies are
highs (labeled M). Examination of thin sections from
rocks agaocCiated with certain of these magnetic anoma-~
lies dlscloses graywackes and argillites contact~mgta~
morphosed to biotite and andalusite grades of metamor-~
phism. Heating experiments by C. S. Grommé indicate
that pyrrhotite is the only significant ferromagnetic
mineral present. Examination of polished sections ais~
closes mbundant pyrrhotite (to S percent by volume) in
the sarmples but no appreciable amounts of other opaque
winerals. Measurements of magnetie properties Erom
oriented metamorphosed graywacke sawples yielded ra-
varsed remanent magnetizations of about 5 x 10 4en\u/cm3
and magnetic susceptibilities of about 5 x 10 Semu/cmd;
the stronger reversed remanent magnetization indicates
that large rock masses of this material will cause
aeromagnetic lows. It is believed that the original
gulfide in the graywackes is pyrite (Fe5,) and that
contact metamoyphism has locally altered the pyrite
to pyryhotite, causing development of the remanenc
magnetizacion in these rocks.



Major magnetic lows with jirregular outline that range
from 16 to 25 km in maximum dimension are resorded
throughout the centrsl ares of Jurassie¢ and Cretaceous
graywackes, but thess anomalies are not adjacent to any
large exposed masseB of plutonic xocks. Thin Zections
from two of these anomalous areas (MRI‘ )} {ndicate
netamorphisi of the grayweckes to biotite grade or
tiigher. These magnetic rocks axe taken to be the pro-
duet of contact metamorphisgm whose cavsative plutonic
rocks are concealed at ralatively shallow depth
{1-3 km) beneath the surface. Such areas may be favor-
able for prospecting for gold deposits.

Magnaetic highs assaoclated with contact-metamorphosed
rocks ¢ccur in the southwest corner of the arsa of the
seromsgnetic map. The ridge south of Johnson Creek
(anomaly M) on south edge of map) is composed of meta=
mrphoged graywacke {biotite zone) associated with
severa]l ground magnetic anomalies caused by magnetic
rocks at the surface. Anomaly M5 (lat 62°15° N., long
152°50' W.) la of interest because the anamaly on the
oppodlite (southeast) side of this small pluton {s
reverged,

On the southwest end of reverssed anomaly Mpy and the
east und of reversed anomaly Mgy, the magnetic rocks
are metamorphosed graywacke of the biotite and anda-
lusite zones, respectively. Anomaly Mgy is considered
to have the same cause as , namely, » concealed
pluton (Pc4) at shallow dapth, At the north end of
anomaly Mp, {(lat 62°30* N., long 151°05" wW.}, the
degreq of metamorphism of the graywackes lncreases
at lower elevations (8. L. Reed, written commun.,
1376; Reed and Melson, 1977). Both anomalies MRZ
and Mpq are aocentuated by topographic highs com-
posed of magnetic rooks.

The various anomdlies labeled Mpg are all consid-
ared to indloate concealed pluton3 benecath or be-
side them, depending on lateral extent. Rnomaly Mp.
at the east edge of the map iz probably caused by a
concealed pluton (Pp) adjacent on the wesc side.
Agsociation of two emall lows, Mgy and Mzg with
graywacke outcroppings in the south center of the
map area, provides ovidence that most of the con-
cealed anomalies in this general area arxe probably
caused by the zame effect, namely, contact metamor-
phism from a shallow pluton canuealed bencath the
overlying Quatarnary gediwents. The shallow depth
(less than 200 m) to the sources of these concesled
reversed anomalies (Mp, ) Suggests that the thick-
ness of Tertlary rocks must here be small, if ia
fact guch rocks are present at all. An aAlternative
and less convincing hypothesis ie that these re-
versed ancmalias axe cavsed by concealed volcanie
rocks at shallow depth, possibly withipn the Ter-
tiary sedimentary rocks.

Concealed magnetic rocks of
the southesst cormer

The magnetic patterns in the southeast corner of
the Talkeetns quadrangle are strikingly different
from those elsewhere on the map ond imply that an
entirely diffevent gaeologlc terrane is concealed
beneath the Tertiary and Quateyrnary sedimentary
rocks, which here sxtend to 3 depth of at least
2.2 km according to the 16g of an gxploration well
(Union Texas Petroleum 1 Puryg Kahiltna River-State)
drilled in sectjon 33 of T. 23 N., R. 8 W.

The aaromagnetic patterns can be analyzed to yield
certain informacion. Three prominent subeircular
magnecic highg with relatively wide marginal gradi-
ents are located on the northwest border of this
magnetic province. These anomallee are interpreted
to be caused by plutons, probably located within
zhe magnetic basement. The remaining patterned
area (dlvided Linto three large sections) displays
the irvegular discontinuous highs and lows that are
genezrally caused by volcanic rocks. The aocutheast
s¢ction, labelsd Vg ~, is caused by an extensive
area of rocks having yeverge remanent magnetization

and thus appears to be caused by a layer of relacively
flat-}ying volecanic rocks. A few kilometers east in
the Talkeetna Mountaing guadrangle (ora)l commun.,

Bela Csejtey, Jr., 1977), Tertiary basalt crops out
through the Quatérmary sediments and {8 associated
with an extension of thig area of reversed magretic
anomalies (Alaska Division of Guological and Geo-
phyaical Surveys. 1973b), The magnecic pattarn of
area Vi ~ i8 interpreted as caused by concesled re-
varsely magnetized Tertiary basalt.

Depeh determinations to the magnetic rocks can be
caleulated from the horizontal extent of the steepest
magnetic gradients (Vacquier and others, 1951).

Griscom has not made car¢ful measurements from the
original flight-line data but for the purposes of

this study has made depth eatimates from the original
contovreld aeromagnetic maps at a scale of 1:63,360.
bepth estimétes in the area labeled Vo . range from
about 300 m along the east border of the map area to
about 1,000 m at the west edge of area Vg . Depth
estinates in ares V., are rather small. At the north-
east tip of area V south of the Yenlo Hills, the mag-
netit rocks are thought to be essentially at the surface.
A private company geologist (oral commun., 1978) states
that altered volcanic zocks (age unknown) have recently
been observed at the extreme south end of the Yenlo
Hillg so perhaps these rocks are predicted outcrops of
magnetic basement. But as the exploratory well pene-
trated small amounts of Tertiary volcanic rocks in the
loweyr 500 m of the hole, the altered volcanit rocks of
the Yenlo Hills may be Tertiary, rather than ¢lder base-
ment yocks. Elsewhere in area Vao;, the estimated

depths to magnetic rocks are no greater than a few hun-
dred meters. It is not clear whather the anomalies here
are caused by older basement rocks or Tertiary volcanic
rockg, but I favaer basement rocks.

Estimated depths to magnetic rocks in area V, , are
somewhat graeater, In géneral, the shallowest pth
about } km, occurs along the north margin of this sec-
tion. Tha three small circular areas labeled Vy ¢
(lat 62°15" N., long 150°)5' W.) give much shallowar
depthy (100-200 m) but ave probably caused by small
amounts of Tertiary volcanic rocks owverlying other Ter-
tiary layered rockg. Maximum depths of 1.5-2 km are
estimated along the south bordar of this section at
the quadrangle bounday. These reésults compaxe reason-
ably with the 2.2-km depth at the exploratory well in
section 33 of T.23 N., R.8 W. pgein, 1 interpret
these anomalies arxa being caused by older basement
rocks rather than by Tertisry volcanic rocks.

The geology of the concealed magnetic rocks can be
better undexstood by considering the geology of thae
area gast of the Ve area, where magnetic basement
rocks are exposed in the Talkeetns Mowntains guad-
rangle. Extending through the northerm part of this
quadrangle is the same belt of nonmagnatic Jurassic
and Cretaceous graywacke observed in thae Talkeetna
quadrangle. In contact With the gouth side of this
belt is a terrane of crystalline rocks, Paleozoic
and Triassic volcanic and gsedimgntary rocks intruded
by younger granitic rocks (Beikman, 1974; Csajtey,
{197€}. These rocks are magnetic, forming an irregu~
lax pattern of intense a¢romagnetic anomalieg
(Alaska Divigion of Geological and Geophysical Sur-
veys, 1973b). The boundary between the magnatic
crystalline rocks and the belt of nonmagnetic gray-
wacke is reasonably well delineated by both the geo-
logi¢ mapping and the aerxomagnocic data and 15 some=
what li{near, striking S. 60° W. such that, if ex-
tended farther southwest, it would pass through the
south end of the Yen)o Hil)s near area Vej. The
north boundary of the magnetic crystalline rocks of
the Talkeetna Mountains Quadrangle is thus appxoxi-
mately colinear with the north boundary of tha con-
cealed magnetic rocks in the Talkeetna quadrangle.

It seems very likely that the concealed magnetic
rocks are the same as those of tha exposed crygral-
line terrane gast of them, specifically, Paleczoic
and Triassic volcanic rocks intruded by younger
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Figure l.—Calculated and cbserved magnetic profiles across a two-

dimensional model similating a concealed magnetic rock mass in the
southeast corner of the Talkeetna quadrangle. Cross-section A-A’
is located on Sheet 2 and the magnetic data are projected fram
the flight line shown on Sheet 2. Northwest contact dips 20° and
is interpreted as an unconformity. See discussion in text.



granitic rocks. Another complication is that concealed
magnetic Tertfary volcanic rocks overlie the magnetic
crystalline rocks (a8 in area VR.C)' but any magnetic
effects of such rocks are considered to be relatively
unimportent in areas V. and Vege
The nature of the contact between the crystalline

.rocks and the northern graywecke balt is tecronically
of considerable regional interest. In tha Tualkeatna
Mountaing guadrangle, this contact is generally con-
cealed by younger layered rocks or intruded out by
younger granitic rocks (R&la Csejtey. oral commun. ,
1977) and {n one locality appesrs to be a thrust
dipping to the mouth. In a regional senss, tha con-
tace is considered to be a sowth-dipping thrust
(Csejtey and others, 1378). Tha magnetic data of

the Talkeetna quadrangle provide lmportant structur-
al infoyrmation because only three yelatively small,
concealed piuvtons appear to intarrupt the magnecic
bowndary. The spooth wide magnetic gradient aloping
down to the northwest indicates that the boundary of
the magnetic rocks of the crystalline terrane dips
gently northwest bepeath the nonmagnetic rocks of the
graywacke belt., The relations at the south end of the
Yenlo Hills are crirical, because here the graywacke
pelt is exposed and here also the magnetic crystal-
line rocks are very near the surface and possibly
crop out. A magnetic profile across the boundary in
this locality wae compared with a profile (locatioen
on sheet 2) calculated from a model of a cross sec”
tion projected across the boundary (£ig. 1). The
simple model agrees well with the observed data and
ipdicates that the magnetic boundary is reasonably
smooth, dipping about 20° to the northwest beneath
the sedimentary rocks of the graywacke belt. This
dip is typical for the boundary in the Talkeetna
guadrangle, and the contact inferyed from it is

most probably an unconformity, locally interrupted
by a few faults, as lndicated at the sauth edge of
the interpretive map. This geophysical interpreta~-
tion of the contact (s in apparent contradiction
with the gecloglc interpratation of the contact in
the Talkeetna Mountains guadrangle.
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