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Correlation of major eastern carthquake centers with
‘mafic/ultramafic basement masses

. by
. M. F. Kane

Abstract

present in or near scven major eastern North American earthquake areas - 3
| ' ' Co =
as defined by Hadley and Devine (1974). The seven include the five T

largest of the eastern_NofthIAmerican earthquake -centers. The immediate

localities. of the gravity anomalies are, however, relatively free of

seismicity, particularly thellargest'events. The anomalies are - -
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presumably caused by extensive mafic or ultramafic masses embeddcd ' ﬁiL
in the crysta]iine.basemcnt. Laboratory experiments'show that serhentinized" "
' gabbro and dunfte_fai] under stress in a creep mode rather than in a
“stick-slip ﬁode; 'A poésib]e explanation of the correlatlon bctween the’ ' -
earthquake:batterﬁs and the anomalies is that the maflc/ultramaf1c ' §§§<
masses are serpent1n1/ed and can only sustain low streﬁs fields thereby t:f
act1ng to concentlatc reglonal stress outs1de their bounoa11cs 'Thei ?
Aﬁproposed node] is ana1ogous to the ho]c in- p]ate prob]em of mechun1cs S ;:
whereby stiresses around a hole in a stresscd p]ate may reach vaTues |
sevcra] L1mcs the avcnage.
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Corre]ation of maJor eastern earthquake centers with
maf1c/u1tramaf1c basement masses

M. F. Kane

’

Earthquakes of the eastern United States are'markedly-lower in

ftequency and magnltude than those of the western reg1ons “particularly

‘ d- -
¥-1 compared to the se1sm1c1ty regime of the San A?{eas fault of California.

Because of the 1ow damp1ng of earthquake energy in the eastern United

- States, howcver, re]at1ve]y hzgh 1nten51t1es are ant1c1pated when compared
~ with correspond1ng magn1tudcs of the western earthquakes (see e.g.,
| nNutt]1e, 1973). A second aspect of the eastern earthquake reg1on uh1ch
contrasts with that of nestern regions is the spars1ty of readily .
jdentifiable major fau]ts.- To some extent this lack may be attributed
.to a thick cover of incompetent sedimentary Stnata, bot nevertheless. it
seens'surprising_thatﬁonboing'studies'have not unconered'direct evidence

of major fault sxstems in the major eastern earthquake regions.
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R part of the eaxthquave investigation plogrdm of the U.S.

Geolog1ca1 Survey, aeromagnet1c ‘and grav1ty studies of the Neu Madrid,

- Missour1 and Charleston, South Carolina earthquake areas were begun in

1972. Coverage of much of these reg1ons was comp1eted by 1975, although :

)«

surveys 1n the New Madr1d reg1on are still underway The initial
_ efforts were d1rected towards d1scernment of linear magnet1c or gravxty
vfeatures wh1ch could be attrlbuted to maJor faults in the crjsta111ne,
:'presumably magnet1c, basement rocks, but evidence of such features was
not detected -at least not in the sense of readily apparent lineawents
or d1scont1nu1t1es ' It was rccogn1zed that maJor magnetic and grav1ty
highs were present in the near- ep1centra1 reg1ons of both the New Madrid
~and Charleston areas, but co1nc1dence seemed to- be the most p]au,1blc
't,exp1anat1on Pos1t1ve magnet1c and grav1ty anoma11cs have now been

| ident1‘1ed however, for the seven maJor eastern U S earthqu~” arcas

- as defined by Hadley and Dev1ne (]974), SO that 1mp11cat1onssother than

coincidence must be-cons1dered.‘
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Figure ]'illust}ates,the comp?riéon of éanthquake epicentér areas
“with gravity anomalies for seven well-identified eastern North American
.earthquahe reg1ons The dashed Tine shown on each map of the figure is.
the maxlmum'contour line of totaa number per 104 km2 of earthquakes from
1800 to 1972 w1th 1ntens1ty of Mod1f1ed Mercali III or lerger (Hadley
and Dev1ne, 1974). As exp1a1ned by. the authors’ the contours are "on]y
a guide for est1nat1ng reglona1 se1sm1c1ty A]so_shown_1s the earthquake
Tiof maximum 1ntens1ty within each reg1on The fact that these largest

'earthqua?es all fall w1th1n the maximum contour 11nes gives assurance
' 'that the contour 1ines a1so locate to some degree the arcas of maximum

energy re]ease The grav1ty contours 1nd1cate Bouguer gravxty va]ues E

and are taken from a var1ety of sources referrcd to in the f1gure

caption.
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An examination of the sma]]ysca]e maps of figure 1 shows that

pasitive gravity anomalies of 10 mga1'or greater and horizontal extents

of more than 30 k1lometers are present in each of the earthquake regions.

The New Madr1d Missouri region (flg la) is notab]e for two large
.nc1rcu1ar anomalies which- 11e to the northwest and south of the zone
of maximwa eplcenter frequency The 1argest se1sm1c event is also
.; located bethcen the h1ghs In the Char\eston, South Caro11na reg1on
| (fig. 1b) the 1argest event and the center of max1mum ep1center
»frequency both 1lie Just to the east of a grav1ty h1gh vh1ch has an
'easterly elongation. In the Cape Ann, Massachusetts (fig. 1c), Anna,

;0h1o (f1g le), and Att1ca, New YorP (fig. lf) regions, the zones
enc]osed by the contour of maximum epicenter frequency are elongatcd
'-w1th one end of the zone overlapn1no the gravity. h1gh in each case. In

each of these 1atter reglons the event o. max1mum 1ntens1ty lies near

but outside the locus of the grav1ty high. In the Cape Ann area (f1g 1c)

two events of approx1mate1y equa] intensity are 1nd1cated with the .
‘second event lying to the north of the seismicity zone, well removed
from any notable gravity high. The strongest known earthquakes of this
reglon, however, occurred in the ear]y and mid- e1ghteenth century and
are approx1mate1y located in the region to the east of the gravity high
, (Rlchard holt, written commun1cat1on, 1976). In the Massena, New York
’(flg 1d) and Baie St. Paul, Quebec (fig. lg) regions the gravity
hlghs are qu1te broad with local highs super1mposed .The.maximum'
frequency contour lies within the broad highs but the events of

) maximum intensity lie near but outside the superimposed grovity highs.
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- In general the gravity anomalies and hence their sources tend
' to be peripheral to the earthquake maximum frequency contour. Since
this contour encloses for the most part the earthquake of maximum
:1ntensit/. this re]at1on a]so 1nd1cates that the sources of the grav1ty
"highs 11& outside the region of maximum strain energy re1ease |
"Figure 2 111ustrates a more precise compar)son of earthquake ‘.'
.‘incidencc dnd gravity anomalies for the New Madrid, Missouri and
‘.Char1eston; South Carolina.regions. The earthqaake plot for the
' New Madrid'regibn.(fig. 2a) (Stauder and others, 1976) represents

“cumulative seismic events frbm June 29, 1974 to March 31, 1976. | Events

in the patterned zones fa]l too c]ose]y together to- be shown 1nd1v.dua11y

In figure 2a the earthquake epicenters -are located for the most part between

the two prominent grav1ty‘h1ghs to the north and south of the earthquake
zone. There is a_suggeStien of an arcuate zone'to the southeast of the

northern gravity high. Earthquakes are sparse or lacking in the

' 1mmed1ate vicinity of the grav1ty highs. In the Charleston area (fig. 2b)

the earthquakes (A C. Tarr, wr1tten communication, 1976 C. E. Dutton,
',1886) fall to the east of the grav1ty high which 1in deta11 has the
shape of a sharp nose (Long and Champion, written. communlcat1on, 1976).

_In both areus depths to the earthquakes gcnerally fall in the range of

5 to 15 kw]ometers (A. C. Tarr, written conmunication, 1976; William Stauder,

oral conmunication, 1976).
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‘fn'rcviewing;possible causa] re]atiohships between fhe gravity
anomalles and the earthqua}es we have considered 1so;tat1c effects,
intrusive activity, and anomalies 1n the dlstr1but1on of reglonal stregs.
Isostat1c effects would appear to be too small since the loads represented
by the gravity highs are small'éompared yith surface 1qad§ imposed by

tbpograqhy.' IntfusiVe_éctivity might be a factor but the anomaly in’

- the Baie St. Paul region is assdtiated with mafic masses of Precambrian age,

) séeming to rule out this possibility for at least one of the régions. of
| the three factors, the mbstvplausib]e one would scem to be a relationship
- between the distributién of the regional stress field and crustal

' Tithology.
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.'In a study of the relations between rock type, stress, and mechanica]_
failure, Byerly and. Brace1(1968) concluded that serpentinized gabbro

' and dunite, ]1mestone, and porous tuff failed by creep rather than by -

stick-slip, a small sca]e analog to earthquaPe 11ke failure. In '_ ‘ ?;;—
;con51der1ng the grathy anomalies .in the region of the earthquakes %
.shown in figure 1 plaus1b1e sources of the anomalies are large masses of i
mafic and/or u]tramaflc rock 1mbedded in a crust of genera]ly more 'i;b
'51J1c1c rock. If these masses are serpentinized, they may, as suggested by | iii-
Byerly and Brace's resu]ts deform continuous1y~by creep rather than %
1nterm1ttent1y by stick-slip under chang1ng reg1ona] stress The ;
behav1or of the stress in the host rock enc1051ng these masses m1ght E__’
therefore, be similar to that which occurs in a rigid plate near a ho]e éga
or:plastic plug. Timdshenko'and Goodier (1951, p. 78-82) show that the _ ;-""
'stress is 10ca11zed at the margin of a hole in a plate to values | |
severa] times the applied stress. The thrust of this model 1s that 1arge

rock masses wfth distinctive deformation contrasts may distort reg1ona1 ;::
,stress f1e1ds in much the same fash1on as d1st1nct1ve magnetization and | ;:;,
dens1ty contrasts: d1stort the magnetic and grav1ty fields. : o | Eg;
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The role of serpent1ne in the mode of deformat1on of the San
Andreas fault has been commented on by A]len (1968) He notes the
”great abundance* of serpent1ne in the part of the fault zone |
character1zed by creep and suggests that the creep may be related to
the presence of serpentwne A]though the geometry of the model
described above and the San Andreas fault zone are great]y d1fferent,
the two s1tuat10ns may be Tlnked_by the unusual deformat1on propertwes
of serpentlne o | L

The stress concentrat1on near holes in p]ates is dependent among

~ other things, on the~d1rect10n and type of stresses, shapes of the holes

and on the relative Jocation of plate boundaries. The arcuate zone
(fig ‘2a) for example; might be ana]ogous to the high stress zone
that exists betueen a hole-in-a- p]ate and a nearby p]ate boundary. I‘
” this case a boundary may be indicated by the %guthwest trendlng
zone of carthquakes that lies to the southgfsf of the arcuate zone
(flg 2a) As such it would represent a fault influenced to a greater
or 1esser extent by the location of serpent1n1zed maf1c/u]tramaf1c
masses near either end. S1m11ar1y the earthquakes near the eastern
-nose of tbe gravity'anoma1y in the Charleston reg1on (rig. 2b) m1ght
be anologous to h1gh stress zones associated with the ends of narrow '

cracrs 1n plates when tens1on is ‘applied normal to- the crack.
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Undoubuedly, the mode1 of the hole-in-a- p]ate, if valid, is greatly
‘ _over51mp11f1ed s1nce the masses are more ana]ogous to plastic p]ugs

and. geologlc ‘bodies ure three d1mens1ona1 Uncerta1nt1es are also

present. in other aspects of;the data 1nc1ud1ng the prec1se cause of the

’ grav1ty anomalies, the directions. and type of stress, the shapes and

e

or1entat1ons of the anomalous masses and -the d1mens1ons and boundaries

of the host rock in which the anoma]ous masses are embedded. The only

den51t1es, however, h1ch could reasonably explain the high positive

gravity anp]1tudes, are those assoc1ated with mafic or u1tramaf1c rocks.

At present there is- no d1rect ev1dence of serpcnt1n1zat1on

Perhaps the maJor quest1on that arlses about a relationship betveen

mafic basement masses and stress field d1str1but1on is why othcr reglons

in eustern horth America underlain by large poswt1ve gravatj anomalies
" do not have assoc1ated earthquake act1v1ty LacL of serpent1n1zat1on,

would be the most obv1ous answer. Other answers include the lack of

a suff1c1ent1y large or chang1ng regional stress field or 1nappropr1ate

geometric re1at1ons between the causative masses and stress field

_ directions. - o o
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Our present evidence indicates for example, that most. if not all
'.of the maSses so far considercd are at depths where they would be
enc1osed in highly competent basement. Mafic masses 1ocated in
softer, less competent sed1mentary strata that yield more eas11y wou]d
' presumably not g1ve rise to ‘the same stress concentrat1ons It is .
~ . also poss1b1e that the cont1nenta1 stress f1e1d probably,xmparted-by'
plate tectonic cond1t1ons, is strong]y zoned in a regional sense. The -
~ southwest a11gnment of earthquake areas from the Gulf of St. Lawrence
to the New Madrid region and the similar trend in the broad earthquake
.-:region of the Applachians exh1b1ted by the se1smotecton1c map of
Hadley and Devine (1974) may be an expression of a regional zoning of
. the continental stress field.
In summary, 'orrelat1on has been shown to estt between major -eastern
North Amer1can earthquake areas and the occurrence of mafic- u]tramaf1c
masses as- eV1denced by- grathy anomalies. The converse, however, does

not. hold. A ‘model. has been proposed whereby stress is concentrated near

the margin of these masses much in the same manner as stress concentrations

occur near the margins of defects or holes in plates under stress This
mode] has maJor 1mp11cat1ons for the cons1deratioh of eastern North
America seismicity inasmuch as it suggests that Jarger earthquakes are
restricted to relatively local areas. The mode1 may also expla1n why

major through going faults of continental or subcontinental dimensions

}are not evident in eastern North Amer1ca Presumably the faults assoc1ated'

vw1th the 1oca11zed stress zones wou]d be similarly 1oca11zed and of
relatively small dimensions, ‘perhaps 10 kilometers or less in 1ength
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Figure captions

Figure 1. Gravity and selsm1c1ty data for seven major earthquake - - v " —
reg1ons in eastern North Amer1ca Seismicity data after Had]ey ; ' . %2@;
~ and Devine (1974) Gravity ‘data in a and.b from Am. Geophys. r;"
Union, Spec. Comm Geol. Geophys. Study Contanents (1944); Grav1ty Z
)

o data inc and d from Kane and others (1972); grav1ty data ine

~ from He1skanen and Uot11a (1956), grav1ty 1n f from Revetta and

:.Dlment (1971); gravity data in g from Thompson and Garland (1957). o f_;i
‘Figurn 2. Gravity'and contemparary epiéenter data for the Hew Madrid,'ﬁo; ?
and Char1eston, s.C. earthquake areas. Sources of gravity data ?

are given in Figure 1. Epmcenter data in New Hadr1d Mo. area _m ‘i E;_.

from Stauder and others -(1976). Epicenter data in Char]cston S.C.

region from Tarr (written commdnication, 1976). Isoseismal
~ boundary from-DuttOnd(]BSS). |
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