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During the past six month period ending October 15, 1978,

Ir
v
w
i^ 0 considerable progress has been made on data collection and interpre-

.z LIN Q
M w N
W .c 4" tation of the lithologic characterization of the crystalline basement

t. - .4

,`r U ,~^' 	 provinces of the eastern United States.
.t H rJ U

z U t t^	 A revised basement rock work map of the entire interior of the
v.+En	 u►-+U a•<V
^' x `Gn	 United States (scale 1:2,500,000) has been prepared and is attached asU kE U i
W N

Plate 1. This mal: is based on all data available prior to 1917 and
O W N k^ cL

4 ^' o w	 represents the first compilation made on this large region since the

	

v ^ x o	 puolication of the original Basement Rock Map of the United States in

	

►-+ a w w	 1968 by Bayley and Muehlberger (U. S. Geological Survey Publ.). It is
.-.F^ ra U
W 4 Fr .1

t 
6L
	 T	 honed that this map will be of immediate use in the satellite data pro-

to
O LYrt+U ri
^' o+ U x G:
i c^ ._ ► ,	 gram.
o^ w a y .^
f^ H ^.: O E

	a^ z x ^: 4)	 Samples of available basement rocks in the eastern midcontient
`- ►^ U n4 v,

region have been obtained and detailed petrographic 	 les have been

conducted on them. The sample distribution and predominant rock typeL

are shown on Figure 1.



A preliminary basement rock lithologic map of the ea^'ern

midcontinent has also been prepared and is presented as Figure 2. This

map is based on Figure 1 and preliminary qualitative correlations of

rock type with small-scale regional Bouguer gravity anomaly maps.

Revision of this map is continuing as new samples and data become avail-

able.

Work is also progressing on g2ochronologic, geochemical, and

magnetic studies of basement samples shown on Figure 1. As noted in the

original proposal, these studies are instrumental in helping to define

the various basement rock provinces and their geophysical signature.

Two abstracts on research directly related to the basement

rock project were presented at meetings during the fall of 1978. A

paper on "Ring Magnetic Anomalies in the Central Midcontinent" by Hinze,

Richardson, Braile, and Lidiak was read at the Midwest AGU in September.

A seconJ paper entitled "Rifting in the Midcontinent, U.S.A." was pre-

sented by Lidiak, Keller, Braile, and Hinze at the 1978 International

Symposium on the Rio Grande Rift in October. Abstracts of these papers

are attached.
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September 25--27,1978
-nit 1976 AGU Midwest K et ing is being held

at St. I As University in St. Louis, Missouri•
from Sr Iteml)er 15 to 17.	 All sessions will be
in the United States Room at the Flusch Xtmorial

Center on Grand and Laclede avvnurs. The rret-
ing is ;osponsured by the Defense Mapping Agency
and Washington University.

Convened by Otto Nuttli St. Louis University, St. Louis, Missouri
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RIFTING IN THE MIDCONTINENT, U.S.A.

LIDIAK, E. G., Department of Earth and Planetary Sciences,

University of Pittsburgh, Pittsburgh, Pennsylvania 15260;

KFLLER, G. R., Department of Geological Sciences, University of

Texas at El Paso, E1 Paso, Texas 79910; BRAILE, L. W., and H!NZE,

W. J., Department of Ceosciences, Purdue University, West Lafayette,

Indiana 47907

Rifts are important tectonic features that are developed both

along continental margins and in continental' interiors. They have a

significant role in deciphering tectonic history, including pre-Mesozoic

plate tectonics, basinal development, and resurgent tectonics, and in

localizing earth resources.

Rift zones are probably more common in the midcontinent of the

United States than generally realized. However, they may be difficult

to recognize because of burial beneath younger deposits, superimposed

structures, and subsequent changes in the properties of the underlying

crust and upper mantle. Because of these difficulties a review of the

geological and geophysical characteristics of the main continental

rifts was made. Geologically, many rifts are characterized by a complex

linear graben structure in which normal predominates over reverse and

strike-slip faulting, by a similar width (35-60 km.), by compositionally

diverse but generally bi-modal igneous activity, by . transgressive sedi-

mentation except in initial stages, and by an apparent moderate geothermal

gradient that results in appreciable metamorphism only in the deeper

structural zones. Rift valleys are present only , in the younger active

structures; older rifts occur mainly as structurally complex zones with-

out primary topographic expression. The r. - tang process generally

involves both the basement and the overlying strata. The geophysical

characteristics are equally distinctive. Active rifts are commonly

underlain by an anomalously hot crust and mantle. They are character-

ized by a thin crust ( it 35 km.), low Pn velocity ( < 8.0 km./sec),

crustal low velocity layers, long wavelength Bouguer gravity lows on

which are superimposed local maxima due to igneous activity and minima

due to sedimentary graben fill, shallow Curie temperature depths,

complex magnetic anomaly patterns, linear bands of shallow seismicity,

extensional earthquake foci, and linear heat flow highs.

Complexities in the geological and geophysical expression of rifts

are also present anu are due to stage of development at arrestment, age,

depth of erosion or burial, and mode of origin. For example, older,

dormant rif j may be underlain by a more normal, thicker crust and thus

lack many of the characteristics of active rifts. Other rifts may be in

an intermediate stage of development with the result that the geological
and geophysical signatures may vary accordingly. Another factor is that

many older rifts, particularly those of Precambrian age, differ from

younger rifts in being associated with Boiguer gravity highs rather than

lows. This difference generally reflects more voluminous basaltic

vulcanism or exposure of deeper crustal layers. It may also be impor-

tant to distinguish between rifts formed by different mechanisms. For

example, "dynamic" rifts formed by forces originating from mass transfer

within the asthenosphere are expected to have different deep crustal

properties than "passive" rifts caused by forces originating within the
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lithosphere. Vertical movement in the mantle is of prime importance in

the development of "dynamic" rifts, and normal faulting and volcanism

are manifestations of this larger feature which Involves doming and

thinning of crust. Such rifts apparently form by one oz more of the

following mechanisms: development of large thermal anomalies in the

tnantlo, penetration of an oceanic ridge beneath a continent, formation

of aul.rcogens, complete or incipient break-up of a continent, or

spreading behind an-active continental margin or island arc structure.

In contrast, "passive" rifts form primarly as a result of horizontal

movement of lithospLeric plates. Such rifts may farm by the collision

of irtegular continental margins or by the complex accononodation of

microplates to the movement of larger lithospheric plates.

Although dating of rifts is subject to considerable ►tncertair.ty,
a chronological catalog of recognized rifts of the central and eastern

midcontinent has been prepared based on a variety of geological and

geophyfical evidence. The list which includes more than 20 rifts

exclusive of late Precambrian and Triassic grabens along the

continental margin at time of break-up shows that late Precambrian and

Eocambrian rifts are more common, more widely spread and are marked by

greater igneous activity than subsequent rifts.
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	'r+ ♦ r	 ^3: î„i '̂^r.-.3;, -	 1 a Is,	 \-\I I
N /!.	 \r ^. `'^.1--

	

• '^	 f ^`^.^r,e 14i	 ` p 1 a ` /♦ j 1	 1 1^ 1 `^ `^ /^ \ I %`
IN -

w	
10

If

\^	 ^:_,	 ♦ 	 M	 a r r1	 y^	 1I /	 -i t -1	 1	 -r	 1r`N ♦ e . f, + i P r p 0 1 d M I r	 \ /, / ;

♦. ^` ♦ 	 '.^^s	 all N•!	 1`Ir^.	 ' \\ r y Ir ♦ 	 r 1,\ ^^`;,`;-;/_/-/\i^+\1J
+•• 11	 _:^"'.	 i n ^, ra - Ir l ` I^r_r ,l_,	 afar ally ♦ ,^^1^1	 ^\/^^`1/1^

it ^ d ♦ 	 ..	 !l4 r _ 1^ 1/!*r\,-` 1/ '11' %/	 • / /	 :/_

	

♦• ` s	 ^^	 :1,,-1.11-.1-111;_ 	 '•r> ►►

♦1 lsa ♦ 	 `;	 -	 ,

	

+ ^ A • 7 A	 <	 r

	

Ir	 J•`
	t\ + : Y	 _r	 y x^.	 _ i' , ^ ^ , ^ 1- r . t / . 1 1 / \` ^ r . 1 .	 • L	 I f r .1 J q 3,

a • • P •	 '^`	 , 	 ^^^	 `/, ,.`1^ - '-^/` 	 t I f A a • Lr ♦ ^ Iv ► Y • 7
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