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ROTATION OF ALAS A AND THE OPENING
OF«THE CANADA BASIN ;

< X ars .Ihea;outh byﬂhlaska andﬂwﬂg
ST T en the T Tby. the Canadaan Arctac Islands. ‘The originm of -the.
basin is controversial, but the possibility that ‘Alaska may have
rotated away from a position much closer to the Canadian Arctic
Istanas, thus forming 3 new ocean basin, was suggested some years
agos apparently first by:S.W, Larey- (1956) Since then .a number
of 1investigators have added support to the idea that the (anada
Basin may have formed-by rifting or sea floor spreading.  Their
1deas were -based on geolog)cal_wcorresponden:es ands, . more
recently, on paleomagnetic -results- (see. below). This paper
intrcouces a- new. line of evidence based upon. gravity data from
° the continental shelves of\present day northern Alaska and arctic
- .Canada., When the bresent continental shelf edges are used. as a
guide to. restore the rifted - Canada Basin to its hypothet1cal
pre-rifting: confxguratmonp the ‘major features of the gravity
field on. either side of the opresumed Line of rifting bear a
striking . similarity - to one another. . Within .the -constraint
jmposed by -the-shape of the continental shetf ‘edges, it turns out
that there are :.two different ways of obtaining a satasfactory
match ot the gravity anomalies across- the'r1ft'.as will be shoun,
Unfortunately.this -ambiguity, which amounts to .a shift of about
120 kms, ~-cannot now be resolved on the basis-'of the available
data. Houever: an argument in favor of one of . the alternatives
will be .made. --This new evicence 7s c¢ircumstantial rather than
direct, .and it merely expands upon the baste idea of the rotation
of Ataska. Nevertheless the implications . of the models to be
presented. are significant in that they indicate, subject to the
ambiguity mentioned above, the probabte position once occupied by
'Alaska with:respect to.lanada, as well-.as the amount of rotation
that .‘may-" have taken ptace. Each of the. alternative modets has
its own tmplications for the ogeological 1interpretation of the
observed ~gravity anomalies. When the ambiguity can be resolved,
-the observed correspondences. across- ~the “eift. zone may prove
useful as an aid in the joint 1nterpretat1on of the Alaskan and
-Canadtan Arctxc .continental . margins.. - e
The detailed analysis of- the present . study i's limited to a
portion of the. present margins of Canada and Alaska. However the
-zmpl1cat1onsf for' the remainder of the Arctic Ocean basin are
"*:ons1derable;‘ These will be discussed in speculative fashion.

-
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) Background

s reopeotetpaxhcrothcfyxnthe*geometﬁ. il pieture 3’,m§§£$bﬁL~L, R
"sim§lar"although the amount of' *rotat1on gre ghao ~he?i*
suggested.  Tailleur (1969) was perhaps/.the first 10
geological similarities between northern- Alaska ‘and - thgr?fanadxan.w-w*
Arctic lslands in the- context of modern ptate tectanic%.; He *
noted particularly similarities between ‘~pevonian:: carbonates inﬂ‘wﬂb
the Brooks range and those in the Canadian Arcti:, and proposed

that sea floor spreading provides a .plausible exp(anat1on for:
Large-sctale  thrusting in the Brooks Range, Tailleur speculated
further that a. plausible reconstruction could .  oade by
“straightening - out” " the Brooks Range . to contsnue th' Lord1ltera”
into the middle -pf ~the present "Arctic  Ocean g;"as“ uelb'
tinearizing certain Devonian ‘to Triassic depos1t1onal beLts in

northern Alaska -and Canada, ‘which. "now - shou af‘ 45 ‘degree
deflection. Rickwood (1970) speculated ‘on ‘the’ open1ng of the
Canada Basin in early Cretacegus .time, and his figure S, o
presumably based only on matching of continental. shelves,"
indicates roughly the same geometry as that suggested by - this -
study. . ‘ IR

In a review paper Churkin (1973)" d1§ousaed'tHoIdévelobment

of the Arctic Ocean basin, invoking this- general\ concept.- - More
specifically ,Taitleur (1973) - festated “the:. arguments for a
palinspastic fit ‘and extended: pussible' plate . ac11on; “into

ore- Nwss1ssipp1an .time. More recently, Newman et aL. 19772, in
a stuydy of'paleomagnetic poles . determxned from . late nevon1an .and
Mississippian sediments- from the- Brooks Range:in northern Alaska,
founc that - northern Alaska appears. = to have ‘rotated

: oounterotoqkﬁise:by“about'VD degreesiuifhwfeSpéc;f”to?jthé North
American plate Since Mmississippian time, Their reésults are said
to be consistent with crustal shortening determined in-the Brooks
Range, and with the arcuate trends of mountains in _.northern
Alasha and L Yukon Territory. They suggest that the rotation
probably began in late Jurassic or earliest Cretaceous time,
although ..t = could. conceivably . have .begun .as  early. as.-the .
Triassic. Yorath and Norris (1975) analyzed the development of
the Canada Basine concentrat1ng on the . development of the
Canadian makgin.- They invoked the concept of a. soread1ng ridge
parallel -~ to ‘the Canadian margin as an explanatxon of 'the origin
of the Beaufort Sea.  Although there ace dtfferences - in . detail
between- theijr proposed model and" thoso of - thisg . paper, 4t appears
that the incompatibilities could -be - worked: out without

“.-tfundamentally disturbing their conclusions or "violating the
‘available data. ' ' - s T :

[
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\evadence for'Patin

—
A el

. Thi e ~for
of mar1ne3§rav1ty data

tcverage of the grav:ty field over the contanental shelt and rise
between Pt. Barrow and the (anadian bordep 78 nouw nearly
comparable with the'extensive.coverage of 'the Ccanadian Arctic
compiled by the Earth Physics Branch, pivision of 'Energy, Mines,
and Resources, Canada (Sobczak et al.,1973, and Sobczak and
Wweber,1970). These data form a consistent,  tfairly densely
sampled representation of the gravity fields, with Llocations of
gravity stations determined to an ‘accuracy of 1 km.or better in
most cases. The resulting detait permits comparison of gravity
features on either side of the Canada Pasin. Fig. 1 shows the
geography of the Arctic Ocean between (anada and Alaskar as ~ well
as the 1000 m bathymetric contour and the main features of the
free-air grav1ty f1etd in the vicinity of the continental " shelf
break, * : ' -

The principal justification for attempting the matching of
gyravity anomalies at just this location is the similarity of the
arcuate 6Geaufort Shetf to the .complementarily arcuate portion of
the shelt -edge off the Canadian Arctic Islands, . fig, 2 shows the
relationships across the rift -zone of . the free-air gravity
anomalies .and the -1000 w isobath after Alaska has been rotated in
such a way as to match both the shelf edge and the gravity
anomalies on the Canadian margin, with some gap left - for clarity.
The intent of texturing the contour intervals in'the figures is
principally to show that the gravity:profiles along eather s1de
of the l1ne of separation are auate s1m1lar.

ng. 3 shows the fit of the 1000 2 1sobaths along the two
coastlines after a rotation of 67 degrees about the pole of
rotation shown in Fig. 2. The fit is not perfect, but in view of
the tong history of erosions subsidence, and deposition since the
proposed opening, it seems .remarkably good over an arc distance
of approximately. 750 -~km, " .The. .mean. mismatch- of the 1000 m
isobaths.in Fig.‘S“is“TZ’km.‘and the maximum: m1smatch ‘is about 30
km. For compar1son the mean mismatch is a small fraction of the
90 km - mean misfit of the 500 fathom contours between Africa and

"South America as determined by But'lard et al., (1965).

The location of the actual continental margin in the sense
of a line pf separation 7S unknown. The present shelf edges are
clearly a poor guide to the. original margins, because of

_post-rifting deposition and subsidente. Previous jinvestigators,

inctuding Sobczak and Weber (1973) and Wold, Woodzick and Osténsc

Rotation of Alaska I - ’ models

r obta%ned"élong' ‘the Beaufort shelf: o(}ff
U@Alaska«toveﬁ ‘the pasx severai years by the U. S Gaoypgicai -Survey, -
““and ‘the University of COnnectacut (Boucher et al., 1978, The
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- mantte slightly’ shoreuard of’ th!“freo-alr gravity maximums 74
'foltOHang them 1 have - chosen‘ tq'\pverlan' slightly the’ 1000 = : -
isobaths wupon closing up the. basano thus, superamposing the peaks ' . -
ot the free-air. gravity. ‘anomal:es.
“.. introduces an add1ttonal uncertaxnt

= e s

(19?70) have placed the beginn1ng of the transit\on ;zone iﬁ.‘ihg;

_Th, arbatrary overlap’g
in 1l ‘the” rq}ation angle and
-Because of - the artuate”
shape of the. continental shelf edges ‘the only close constraing

the position of the pole’ of rotat1on'

- _available on the lateral’ location "of. the - rejo:ncd marg1ns is.i}}g
““through the atignment of the gravity 2nomaliesa L= '

The trangition from continental to oceanic structure implies
a decrease 1in the depth to the mantle, and, other things being
equal, one expects a free-air gravity high along the margin as' a-
result of .this transition, Thus the "saddle" in the free-air,
gravity anomaly, Located near 148 W. along the Alaskan coast and
its counterpart alcng the C(Canadian <coastr, as well as the
unusually lLarge positive peaks on the shelf-edge high (>90 mgal),
have particular significance, since they are crucial in. defining
the fit of gravity anomalies- across the rift 2one. One may
perhaps infer some generic relationship between the gravity
sacdtes on the two sundered marg1ns. -

An attempt to refine this picture somewhat led uLttnateLy
into the alternative interpretation for the restoration of the
rifting that will be discusseo later.. :The train of thought
proceeds as follows. Free-air marine gravaty .anomal1es are
strongly influenced by water depth,- ‘and an attenmpt uas ‘made to
improve the resolution of Ffig. .3 by .introducing af Bouguer
correction for water depth. Addition.-of a Bouguer correction for
water depth results in a map in which the shelf-edge gravity high
is replaced by a transition acress the continental shelf to a
plateau over the oceanic areas having regional Bouguer anomalies
of 150-200 mgal. The douguer ancmaly reflects the shoaling of
the mantle beneath occeanic areas, since the- isostatic eftect of
the water mass 1s undone by the Bouguer correctzon. A more
readable map can be produced by  subtracting :from--'the Bauguer
anomaly map a correction for the configuration of the mantle, in
order to ‘flatten' the Bouguer anomaty field.  Under the
assumption that the continental margin .along the Beaufort shelf
is arcuate, an.obvious approach is to compute. the effect of a
more or less 'normal'’ continental to oceanic transition in mantle

_depth, wusing. . the . arcuate continental shelf edge as-.a guide to

determine .the shape, in plan view, 0f the crust~mantle interface.
This is shown schematically in Fig. 4a, which illustrates the
shape ot the crust—-mantle interface and the shape of the body of
excess mzss for which the gravitational effect was .calculated to
produce what will ke called the "arc-reduced' anomaly. Fige 5 1s
analogous to Fig. 2, except that it shows the juxtaposition of
the arc-reduced anomaly maps for the two margins, rather than
free-air anomalies. The apparent matching of anomalies across

.the line of rifting is more satisfying that that of Fig. 2, -and

Fig. & might te taken as best defining the original retative

RPotatior of Alaska 4 ' ' _ " models



positiors of the tuo margxns before the rifting, 'atcordihg fb,

A this model. . B _ et EE C e T

SV -'.|y. -

Y

crust are required tp explain the variations of gravityTanomaly
atong the Line of rifting, fConcentrating on the Alaskan side,
refer specifically to the two large gravity highs separated by a
saddle, or {ows, at about 145 W. If these features correspond .to
complementary features on the opposing margin, the saddle impties
the probable presence of 2 sedimentary basin on both sides of the
rift, which must either pre-cate the rift, or, or near the time
ot rifting. VYet the basins must actually be of rather  recent

origins, aecording_ to conventional theory, which dictates theat
the Low density is a sign of youth. This is5 2 possibility, - but
is is not very satisfying as an explanation. "Even .more

disturbing is the character of the gravitational highs on ‘either
side of the saddle, on the arc-reduced anomaly map. Accoarding to
the model developed thus far, these relative highs indicate the
presence of Jlarges, relatively dense bodies located within the
crustal section. Although there is no direct evidence against
this possibilitys, at lLeast on the Alaskan side, it 1is highty
unexpected, and the character of such dense bodies is a mystery.
At this point in the analysis, the alternative model for . the

- restoration of the riftings, entailing a quite different approach

to matching the gravity anomalies across the rift 2z2o0ne, was
developed. - ' '

The basis o¢of the alternative representation lies in a new
approach: suppose that the gravity highs on one margin be
matched with the gravity Llows on the other .margin, and
vice-versa. The guestion is, then, 1is it possible to '.infer
another way of descrining the original Line of rifting, this time
abandoning the notion of a smooth, arcuate rift, in such & way as
tc ctatisfy the geometrical constraintss, on the one hand, and on
the cther hand, to produce 2 plausible mocel of the gravitational
eftects of such a revised tine of rifting which §s consistent
with the observed gravity data? The answer 3s in the
affirmative. ) - L

X

The approach taken was to align the gravity anomalies 1in
the vicinity of the continental shelf edges ‘out-of-phase', that
is by aligning the positive anomalies on one side .with negative
anomalies on the other side in a visually satisfying way, After
a satisfying alignment was determinedr, using the arc-reduced
anomalies , the next step was to introduce a cut, signifying the
origiral marginal rift, that would atlow the two margins to fit
together " {ike adjoining - pieces of a3 jiogsaw -puzzie. 1In the

Rotation of Alaska S models

. "Thcre ares, bduebéé: a number of aspects of Fig.,S ‘that are
disturbing , and these ‘are developed along. tines leading . to . the.
"alternat1ve model.u*’Farst -of all, the assumption of a smooth,
U arcuate mantle interface implies that the ' source of. zhe major;
! "features of the arc-reduced anomaly map is located above . the _
erust- mantle interface., Therefore mass anomal1es>“uath3n;-gh,mm'




absence of a clear 1ndication of how this_ should be done, _the
segments of the margin were constructed in the form of spreading

_ridges radial to the Supposed polc of the, riftungo _connected by -

"‘transform faults at r1ght angles.f‘51nce the arc-reduced anomaly;
was based on the notion.of a smoothly arcuate rift .2one, the

‘difference  between : Ythat! ‘model - “of < the mantle_;and ';hg:"'

‘ridge~transform-ridge imodel ‘can’ be computed. dxrectly as - a
perturbation of the arcuate model, The model for the Alaskan
side, derived from such a jagged continental margin by -

translating slices of the arcuate model perpendicularly=to the
coastline to match the assumed newy shape of the margin, is shown
in Ffiga. 4b. 1t tonsists of a series of blocks of positive and
negative mass, the model for the [anadian wmargin is the same,
except with the signs reversed. The results of the calculation
are shown in Fig. 6, alongside the observed arc-reduced anomalies
for the Alaskan and Canadian margins. (=2rtain features of the
model, including the general Llocations of the major features,
their magnitudes, ana various features of the gradient along the
rift 20ne are Sso near to that observeds that the general
appropriateness of the model is evident. It is clear from the
tigure that the marginal rift was not chosen exactly right, and
an improved version could be generated, but this has. not yet been
agone, Tne general numerical agreement is striking. The most
encouraging ‘feature of this model is that the sedimentary basins
and high-density masses, implied by -the first model, have
disappeareds along with the awkwardness of explajning their
vresence. The palinspastic fit based on 'this model, shown  1in
Figs 7, results in a northward shift of the restored position of
Alaska by about 120 km, @ rotation pote at 70.11 N,128.16 ..
and 3 rotation angle of 73 degrees. The shelf edge fit is just
as good as that shown in Fig. 3. Lest fige 7 be misinterpreted
as being indicative of crustal structure on the outer shelf, let
us backtrack briefly. The point of Fig. 6 was to show how well
the gravity field can be described on the basis of some crude
assumptions about the shape of the crust-mantle dnterface,
Al though the first~order effect of the continental-oceanic mantle
transition has ~been removed from the gravity map of figs 7+ the
second order features relatable to the perturbation - model still
dominate the reduced gravity field. Assuming that the second
mocel for the palinspastic fit s appropriater, it would be
necessary to describe the shape of the mantle interface more
exactly than was done 1in Fig. 4bs, and then subtract the
perturbation field from the anomaly field of fFig.s 7 in order to
separate mantle effects from crustal effects. TYThe message 1is
that inferences aboutr crustal structure from gravity anomalies in
this area (or anywhere) must be made with great caution until
there is good seismic control available. The most direct way to
resolve the ambiguity springing from the two alternative
suggestions for restoring northern Alaska to 1its pre-rifting
configuration 1is by means of seismic data, whith may be expected
to show the presence or absence of the crustal features implied
py the first model. :

rotatton of Alaska 4 models
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Other Areas

Up to now I have confined attention to a segment of the
Alaskan margin where the gravity data are adequate, and the '
corresponding segment of the Canadian margin. 11'shall consider '
briefly .areas closer to and more distal - from -the “pole  of "

It seems apparent that the rift zone did not converge to
the indicated pole of rotation, as can be seen from the -geology.
of the Mackenzie Basin area recently summarized by Young, et
al.(1976). This s rot surprising in view of the substantial
post-rifting thrusting and transcurrent faulting that have
occurred in the area. The physical apex of the rift zone s
probably Llocated to the southeast of the geometrical pole of
rotation. It should be emphasizeao again that the conclusions of
this stucdy apply only to the northern margin of Alaska: the area
to the south, includina the Brooks Range, bhas been severely
deformed. '

1 am not now in a position to do mcre than speculate about
the remainder of the Arctic Ocean basin beyond the many
discussions 1in the literature,. Nevertheless i1t would not be
proper to avoia the subject entirely, because the rifting of the
Canade Easin has important consequences to remaining parts of the
Arctic Ocear, 1t indeed the Canada Basin was formed by riftring
and rotation of Alaska, it i1s important to find the extent of the

.area swWept out by the rotation of Alaska. Although ! have been

able to treat the Alaskan continental margin onty as far west as
about 155 W., beyon3d which the restored coastline fails to match
the Canadian <coastlines, this is probably not the extent of the
continental margin that was actually rifted away from Canada.
The Lomonosov Ridge is regarded (see for example Churkine, 1973)
as the edge of the former continental margin of Eurasia which was
rifted away by  the currently active Goakkel Ridge. :Without
claiming any more than speculative insight, I mention that the
Locmonosov Ridges and thus by implication ¢the former . Eurasian
margin 1s a good candidate for the locus of the great transfarm
fault that bounded the opening of the entire Arctic Basin. It
shows the proper direction of curvature and the proper symmetry
te be an arc struck about the pole of rotation proposed in this
paper, This interpretation is rather specifically implied in
Churkin's 1973 review paper, and it 1is interesting that the
geometry of the rotational separation of Alaska and Canada
implied by this study is supportive.

These speculations are included here only as hatting steps
toward extending the concept of the rifted Canada Basin beyond
the Limited area where the picture is clearer.

Conclusion

Rotation of Alasxa 7 conclusion
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The conclusions ot this study conflict ‘with the schematic
model of Herron et al.(1974) for 'the Paleozoict and Mesozoic
history of the (anada Basin. Their model requires, among other
things, that the Kolymski Massif, now part of Siberia, slid into
the Canada Basin in the early Paleozoic in order to. form the
Parry Islancds fold belt, Kolymski supposedly then slid back out
again in the Jurassic, The presence of Alaska adjacent to Arctic
Canada obviates the necessity to slide the Kolymski Massif into
the (Canada basin and then out again, since Alaska assumes the
role of the {and mass needed to form the Parry lslands fotd belt
by <collision against the C(Canadian Lland masss, as suggested by
Jailleur (1973). Sobczak (1975) interpreted the elliptical
gravity highs along the continental shelf edge of the Canadian
margin as being largely due ¢to the presence of wedges of
uncompensatecd Tertiary and Guaternary sediment, Although his
argument 3s difficult to atceptr it is perhaps not incompatible
with the smooth~arc model of this paper, which requires some
buriea mass excesses to explain these features, My second model .,
however, which invokes a jagged lLine of riftings  satisfactorily
explains the gravity highs along the shelf edge without the need
for such a seemingly contrived argument.

The matching of coastlines and gravity features  was
suggested by the gravity map of the Canada Basin. Application of
scissors to the map verified the initial appearance of
correspondence between the two Opposing coastlines and subseguent
work consisted primarily in refinements and choice of
.representation. Unfortunately the conclusion of this study is
ambiguous in thal two distinct ways of restoring northern Alaska
to 38 position adjacent to arctic Canada have been demonstrated.,
and both have their merits. I have given some arguments favoring
my second alternative, in which the major gravity features are
matched *out-of-phase'! across the rifts, but the ultimate decision
must be made on the basis of seismic . data. Whicheyer of the
propopsed models 1s wultimately deemed most appropriates the
gravity data seem to support the notion that northern Alaska was
once adjacent to the Canadian Arctic, and their poriginal relative
positions may be fixed rather precisely, once the ambiguity has

been resolveo. It is to be hoped that the inferred canstraints
on the pre~-rifting geometry of part of the <coastlines of the
{anada Basin will provide a useful addition to broader

interpretations of the origin of the Arctic Basin.

Rotation of Alashka 8 conclusior
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Figure Captions

Fig. 1. ‘Area of study, shown in polar stereographic
projection. Heavy Lline off coast is the 1000 m isobath,
sThe: position-of the 1000 m isobath along the north coast of
Alaska was taken from ‘the “ap of the Arctic Region
(American Geographical Society, 1975). The position of the
1000 m isobath along the Canadian Arctic Islands was taken
from bathymetry observations accompanying the dense—network
of gravity observations there, Contour lines near 1000 =
isobath are D0, 30, 60, and 90 mgal contours of free-air
gravity. Data east of 141 w. are from the Canadian
National Gravity file. The rotation opole at 69,08 N.,
130.88 Ww. was used in the restoration of the npre-rifting
configuration on the basis of free-air gravity anomalies in
Fige 2.

Fig. 2. Nearly complete <closure of the Canada Basin by
rotation about the opole at 69.08 N., 130.88 W.,» to
demonstrate correspondence of free-air gravity anomalies
shoreward of the 100C m isopath. Corresponding 30 mgal
contour intervals identified by texturing are offset 30
mgal for the data along the (Canadian Arctic coast, compared
with the data along the Alaskan coast. This difference
reflects both a regional offset and the different data
reduction schemes used.

Fige 3. The fit of. 1000 m iJsobaths after a clockuise
rotation of Alaska by 57 degrees abcut the pole of rotation
shown 1in Fig. 3. The degree of overlap of the 1000 m
isobaths 1s arbitrary. representing an estimate of the
positions of the original continental margins., '

Fig. ~ 4 a. Schematic . representation of the
continental-oceanic transition in mantle depth . used to
*ftatten' the, . . Bouguer... anomaly field for purposes of the
‘arc-reduced® anomaly shown in figures 5,6, and 7. The

crust-mantle interface shallows to seaward from 25 to 15 km
depth over a distance of 50 km. The shape in plan view is
determined by the shape of the arcuate continental shelf

edge. The model for the Alaskan margin is shown. The
curvature is reversed for the Canadian. margin. b The
model wused to compute the model anomalies of Fig. 6 as a
perturbation of the smooth—arc mantle model. Blocks of

positive and negative mass are indicated by plus and minus
signs. The Alaskan margin model is shown:; for the Canadian
margin the signs of the blocks are reversed.

Fig. S. Similar to Fig. 3, except. that ‘'arc-reduced®
gravity anomalies, developeod by subtracting from the
Bouguer anomaly a field component <calculated for |
plausible continent-ocean transition in crustal thickness

Rotation of Alaska 11 figure captions



are used. See text and Fig. ta. A small gap s Llefrt . to '
delineate the two datra fields. "Pole A" is the pole of =
rotation used to construct this figure., "Pole 8" -is3 _the . - -
pole of rotation that was used to construct th. 2. '

Fige 6. Comparison of arc-reduced“ gravzty~anomaly for
‘the Alaskan and Canadian margins  with. the  -anomalies.
calculated for the perturbation model of Fag. Ab. Contour .
“interval is 10 mgat. Heavy Lines show the .line of riftsng%gs*i
used to construct the model. Regions above 0 mgal and,
below —-60 mgal are patternesd as indicated, The general
numerical agreement shows that the jagged margin of the
second model of this paper satisfactorily accounts for the
major features of the observed gravity field without=-
requiring large anomalous masses in the crust, on. the__
basis of this picture, the marginat cut should be modified
somewhat to make 3 mores realistic models, as shown 1in Fige.
7. 3

Fig. 7. Similar to Fig.'s 2 and 5, except that the Alaskan
angd C(Canacdian margins are rejoined with gravity anomalies
‘out-of-phase’ according to the second model of this paper.,
the jagged rift model. Contour interval is 10 mgal. The
{ine of rifting has been modified from that shown in Fig,
6, taking 1iInto account some of the more obvious
shortcominys of the model of Fig., 4b. o

kotation of Alaska 12 figure captions
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