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quartz, as well as small intraclasts or oolites, trapped 
between laminations and in small cul-and-fiU struc
tures. 

In the mats, laminae are essentially smooth and 
parallel. Mats are composed almost entirely of fine 
silt-size dolomite and commonly bear desiccation fea
tures which suggest a calm shallow environment. This 
is in contrast to the presence of intraclasts and algal 
clasts in the mounds which indicate a relatively high-
energy environment. Together, both forms of stromat
olites suggest a shallow, intertidal, locally hypersaline 
environment very much like that of the areas where 
algal stromatolites occur today. 
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F..\ciES RELATIONS OF H Y S T R I C H O S P H E R E S I N O N E S -
QTJETH.'\w STAGE ( D E V O N I A N ) OF CENTRAL A P P A 
LACHIANS 

Eighteen stratigraphic sections in the Valley and 
Ridge area of Virginia (10), West Virginia (6), Mary
land (1), and southern Pennsylvania (1) were sam
pled in detail to establish the distribution of hystri-
chospheres in the Onesquethaw Stage of that region. 
The localities were chosen carefully relative to the 
stratigraphic and paleogeographic interpretation of 
Dennison (1961). Rock-stratigraphic units sampled in
clude the Tioga Metabentonite, Huntersville Chert 
(including Bobs Ridge Sandstone Member), Ononda
ga Limestone, and Needmore Shale (with three subfa-
cies: calcific shale and limestone, calcitic shale, and 
Beaver Dam black shale). 

No hystrichospheres were observed in the Bobs 
Ridge or other glauconitic sandstone beds in the Hunt
ersville Chert. Only one fragmentary form was seen in 
the Tioga Metabentonite. The Onondaga Limestone, 
the three subfacies of Needmore Shale, and the chert 
of the Huntersville all contain hystrichospheres. Hys
trichospheres are rare in Huntersville Chert adjacent 
to the Monroe Island of middle Onesquethaw age 
but are abundant in chert elsewhere. Similarly, they 
appear to be absent in all three subfacies of Need-
more Shale adjacent to Monroe Island (at Covington, 
Virginia). Farther from land, in a basin toward the 
east between the island and a source of clastic mud 
near Baltimore, hystrichospheres are abundant in the 
calcitic shale and common in black-shale, calcitic-
shale, and limestone subfacies. 

Nineteen species have been identified, assignable to 
Hystrichosphaeridium, Veryhachium, Polyedryxkim, 
Michrystridmm, and Cymatiosphae.ra. Michrystridi-
um seems more abundant and Veryhachium less com
mon in the calcitic-shale and limestone subfacies of the 
Needmore Shale than in the other hystrichospherid-
bearing rocks. Cymathsphaera is less abundant in 
Beaver Dam black shale than in other rock types. No 
other statistically valid distribution trends could be 
observed. 

There is no evidence that hystrichospheres can be 
used to subdivide the Onesquethaw Stage in this re
gion. 

D O N A T H , FRED A., Columbia University, New 
York, New York 

EFFECTS OF DUCTILITY AND PLANAR ANISOTEOPY IN 

FOLDING or ROCK LAY'ERS 

The mechanisms of folding that can operate within 

a sequence of layered rocks are dejjendent on the rela
tive ductilities and on the nature of inherent anisotro-
py in the rocks. Flexural mechanisms require the pres
ence of mechanical anisotropy, and folding is effected 
by slip between layers, by flow within layers, or by a 
combination of the two. Flexural folding represents a 
true bending of laj'ers. Passive mechanisms operate 
only in rock sequences that are mechanically isotropic. 
This condition may exist either because of the absence 
of effective planar anisotropy or because of the 
ineffectiveness of anisotropy resulting from high duc
tility. The geometry of flow in passive folding reflects 
only the stress field and velocity gradients existing 
during deformation. Flow occurs across the layering, 
and the layering serves only to record the relative dis
placements. A gradational mechanism, by which cer
tain layers are flexed in response to passive behavior 
in the associated rocks, causes quasi-flexural folding. 
This mechanism operates primarily in layered se
quences characterized by high-ductility contrast, and 
produces strongly disharmonic folding. 

Because changing environmental conditions can 
alter both the ductilities of the rocks involved and the 
effectiveness of planar anisotropy, the mechanism that 
initiates folding may be superceded by one or more 
other mechanisms during the course of deformation. 
The effect of layering in the folding process decreases 
with increasing ductility, and every gradation exists 
between ideally flexural and ideally passive folding. 

DOTT, ROBERT H., JR., University of Wisconsin, 
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COHESION AND FLOW PHENOMENA IN CLASTIC 
INTRUSIONS 

Physical differences between water-saturated co-
hesionless sand and cohesive fine mud account for 
many sedimentary structures. Relative bulk cohesion 
is controlled by relations of intergranular adhesion 
caused by electromagnetic or Van der Waal's forces 
versus the disturbing effect of forcible migration of 
pore fluid or gas. Where expulsion of fluid is slow, 
mud retains greater cohesion than sand. If sand is 
loosely packed, movement of fluid, especially if sud
den, may cause spontaneous liquefaction and conver
sion to a viscous slurry with negligible strength. 

Empirical evidence of major differences of cohesion 
comes from abundance of shale pebbles, load struc
tures, current sole marks, contorted stratification, and 
clastic intrusions. These are most characteristic of al
ternating sand-mud sequences which possessed many 
inherent-strength discontinuities. All degrees of lique
faction, flow, intrusion, and stopping are "frozen" in 
rocks—from local in-place liquefaction of sand strata 
to immense dike complexes and sand volcanoes. Clas
tic dikes are of special interest. Typically they contain 
fine sand, but in a few places may have coarse gravel. 
Wall rock is generally mud, and sloped cohesive mud 
xenoliths are common; some dikes split and even re
join along strike. Internal lamination and some grain 
alignment may occur, and these suggest chiefly lami
nar flow of viscous suspensions. A few dikes display 
excellent groove and flute marks on their sides, evi
dencing scouring of cohesive wall rock during intru
sion and indicating direction of intrusion. Some large 
dikes completely evacuated their source stratum with 
concomitant subsidence of all overburden. 

Important relative age criteria are provided. Most 
dikes are straight, suggesting that compaction was 
completed largely before intrusion. In fact, compac-


