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ABSTRACT

Folded structures are not necessarily stable through
geologic time, "Unfolding" is defined as the changes in

attitude through which folded structures go subsequent te

their creation by tectonic means, other than by faulting
alone,

The principal types of unfolding, together with their
causes, are: (1) the effect of gravity on 1solated struc~
tures, and the effects of loading end unloading insofar as
the gravitational force is concermed; (2) basining action
and its effect on unfolding; (3) the action of vertical forces
on folded structures; (4) migréting or "wave" folds in rela-
tion to unfolding.

It is concluded that unfolding is always a partial
phenomenon,

'Tha evidences supporting the unfolding concept ineclude
the dying-out of folds into a basin, certain types of bedding
plane striations and slickensides, and certain types of frac-
ture and fault patterns., The evidence for the migration of
folds consiste of measureable changes of altitude, the rising,
sinking end tilting of islands, and possibly unconformable
stratigrephic relationships,

In the section devoted to the practical implications of
unfolding, the emphasis is upon the application of the concept
to petroleum geology, in which bramch of the science it is
thought that the ldes might prove to be the most useful.







THE INSTABILITY OF FOLDED STRUCTURES
INTRODUCTION

The principal theme of this paper iz that folded struc~-

tures are not necessarily stable forms through geologic time,

The purpose of the study is to consider the changes in atti-
tude that may occur in folded structures subsequent to their
principel deformation, The entire study is an attempt to
develop an idea, As such, i1t is no more susceptible to proof
than are the various theories and hypotheses concerned with
the origin of earth, orogenesis, the origin of petroleum, etec.

Those changes in attitude of strata comprising folded
structures which are caused by such phenomens as landslides,
cavern collapse, or slump and creep are not considered. The
ob ject of this paper is to explore the possibility aend nsture
of significent echanges in the structural form of folded strata
by the following means: (1) gravity acting upon a single fold
such as an isolated dome, or a fold isolated from the rest of
a series of folds by erosion; (2) smoothing out of anticlines
and synclines by basining action; (3) migration of an undula-
tion in the earth's crust.

For the sake of convenience, the term "unfolding" will
be used in the belance of this discussion to mean one of the
following things: (1) any previously folded strata which ere
now more or less horizontaelly disposed; (2) any previously
folded strata in which there has been a significent lessening
of the intensity of the fold, thet 1s partial unfolding.

ol







Refolding, meaning to fold again, may or may not contri-
bute to the unfolding of pre-existing structures. The results
of refolding relative to unfolding are dependent upon the
direction of epplication of the causal forces of the second-

oyele folding (the refolding) with regard to that of the |

first cyele of folding,

With the exception of the unfolding accomplished by
undulatory movements of the earth's crust, which may be
termed "wave folds" or "migrating folds", all other unfolding
may be thought of as happening in place, that 1s, the trace
of the axial plane of an anticline would appear in approxi-
mately the same position on a planimetric map both before
the unfolding of the anticline and afterwards.

Owing to the nature of the evidence which would sub-
stantlate the hypotheses herein set forth, and to the writert's
limitations, partiecularly with regard to breadth of experience
in the fleld, an analytical approach has been selected, It
is recognized that the necessary sequel to this stvdy is
sufficiently extensive fleld work to prove or disprove, point
by point, the postulates upon which the hypotheses presented
rest, This is largely a atudy of the possibilities of the
proposed process and it would be difficult to test in the
field, although some suggestions along this line are made,

It is not the purpose of this discussion to consider in
detall the origin of the forces involved in the unfolding
process. These forces will be assumed to have the same funda-
mental origin as those which produced folding in the first
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place, with added emphasis on the role of gravity insofar as
the unfolding of arched structures is concerned, During the
initial stages of this study, it was thought that the funda-

mental forces which produce folding in the earth's crust could

be ignored. Further thought indicates that such is not the
case., Unfolding on a major scale could well be a correlative
of folding end therefore the product, at least in part, of
the same forces. Two basic assumptions underlie many of the
ideas expressed in this paper, They are: (1) major folds
in the earth's crust msy involve the total thickness of the
crust or at least a considerable part thereof, and, (2) one
of the primary forces operative in the formation of folds
and in their subsequent unfolding i1s the suberustal flowage
which is required to effect the redistribution of mass which
mist teke place in order to keep the system in balance,

It is thought that unfolding is 2 posaible corollary to
folding, that it may have occurred throughout geclogic time,
and that it may be continuing.

The earliest use of the term "unfolding" found in the
literature oceurs in a two-volume work entitled, "The Geology
of Permsylvania", published in 1858. (Rogers, p. 481). As
may be seen in the following quotation, the term was not used
in the same sense in which 1t is employed in this paper:

"The Second and Third mountains include a deep,

narrow, folded synelinal valley of higher Surgent

slates and shales, and other soft rocks, which by

the shallowing and (italics by the present

writer) of the syne rough, ecome gently to a

head, the two mowntains forming but one, which is

broad and level on its surface and still of syn-

clinal structure---," (op, eit,)

o
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As interpreted by the present writer, Rogers referred to the
dying out of the fold and did not mean to imply that a syn-
¢line with previously steeper limbs had been sub jected to

forces which subsequently flattened the limbs to produce a

shallower syncline,
A careful search of the Gological Soclety of America
publication, Bibliop

North America, for the years 1933 through 1953 was made, No
mention of, or reference to, unfolding was foumd,
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It is not an overstatement to say that were it not for
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TYPES AND CAUSES OF UNFOLDING
General Statement

As noted in the introduction to this paper, unfolding is
considered to be the product of one or more of the following:
(1) gravity, (2) basining action, (3) vertical rorcoy, and
(4) migrating undulatory movements, Each of these four sctions
will be considered separately despite the fact that more than
one may be operative in any given case of unfolding. The type
of unfolding may be classified on the basis of the asctions
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that produced it. The classification of the types and causes
of unfolding is an erbitrery one and to an extent it is
artificial. The force of gravity is, of course, operative

in all cases and at all times. It may constitute an integral

part of basining action and is certainly a prime factor in

the functioning of vertical forces with regard to the poasibly
resultant unfolding.

In view of demonstrated recurrent tectonic disturbances
through geologic time, it seems logical to assume that after
the first cycle of folding in any given area was accomplished,
each succeeding period of crustal deformation dealt at least
in part with strata that were already in attitudes other than
the near horizontal and which were not plame surfaces, Con-
sequently, since earliest Precambrian time there have been
some parts of the earth's crust that were folded and therefore
sub Jeet to being unfolded or refolded. Amonp the possible
results to be expected from deformation subsequent to the
original folding are: (1) if the second-cycle deformation
(or any other perlod of deformation which occurs after the
initisl folding) consists essentially of tangontialiy applied
forces that act in the same direction as the original forces,
the pre-existing folds will be increased in severity, that is,
an open fold might become closed and finally isoclinal; it
has been refolded rather than unfolded; (2) if the tangential
force is applied differently from the force which caused the
pre-existing folds, part of the effect may be to unfold the
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structure; (3) if a migrating or wave fold moves in a direc-
tion parallel to the strike of pre-existing folds, part of the
effect may be to unfold the pre-existing structure; (i) if
vertical forces are operative in an area of folded rocks,
upward were concentrated beneath a basin, the result could

be the uplifting of the basinal struecture into relatively,
and apparently, undeformed strata,

The reasons that all folds are not unfolded are many.
Among the more ilmportant are: (1) the folds may be of in-
sufficient magnitude to upset local crustal equilibrium so
that there is no tendency to unfold, (2) if a sequence of
folds are very sharply folded, the horizontal component of
the force of gravity is too small to overcome frictional
resistance or the buttressing effect of adjacent folds,

(3) if a system of folds 1s opposed by a large rigid mass,
the possibility for the latersl expansiom of the folded strata
which must accompany unfolding is greatly impeded.

The Work of Gravity in Unfolding

The force of gravity is considered to be one of the
two most importent elements involved in the unfolding process.
In the case of an isolated arched structure, the ever present
tendency from the inception of the fold is for the fold to
flatten or collapse under its own weight, that is, under the
influence of gravity. In order to unfold, the dome or
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anticline must have room for lateral expansion and be of

great enough magnitude so that its weight acting through a
long pericd of time will induce suberustal flowage outward
from the crest of the structure. In fact, the formation of

r @ fold may bée thought of as the result of a positive force,

compression for example, overcoming temporarily, in a geo-
logic sense, the opposing force of gravity. In this example,
if the gravitational force exceeds the compressive force as
it is relaxed, the tendency will be to unfold the structures
Just completed. Many factors enter into the consideration
of how far the unfolding will proceed, such as the sharpness
of the folds involved, the stremgth of the folded strata,

the presence or absence of buttressing structures, which,

if present, will tend to support adjacent folds, the depth
of folding and the character of the substratum, the proximity
to a major positive area, ete.

The strength of the rocks involved in a fold will have
an important bearing on the amount and nature of the unfold-
ing which may cccuwr, Thick, competent strata such as gquartzite
or massive limestone may have sufficlent strength to survive
as unsupported arches whereas weak, thin-bedded strata such
as shale or gypsum would not survive ss folds were they not
supported both laterally and from beneath.

If a fold 1s one of a number of adjoining enticlines
and synclines, 1t will be less likely to unfold due to the

matually buttressing effect of the adjascent structures. The
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cutting of valleys or canyons in the synclines which separate
anticlines in a series of folds would temd partially to
deatroy the buttressing effect, thus facilitating the unfold-
ing process by providing space for lateral movement of the

folding is greatly reduced where the folds abut a c¢raton
which serves as a permanent buttress, permitting unfolding
movemsnt in only one direction.

The character of the substratum and the depth of folding
have an importeant bearing on the nature &nd quentity of un-
folding which may occur, A decollement such as that repre-
sented in the Jura Mountains can be shown to have a definite
"bottom" so far ss the folding is concerned. Here the folding
is thought to be the result of the sliding and ecrumpling of
the Mesozoic and !orfiary formations along an inclined "plaene"
of erystalline Paleozoic rocks which are not folded. The
depth of folding is limited to the thickmess of the strati-
graphiec column ebove the Paleozoic rocks at the time of the
decollement. The point may be made here that 1f folding can
be accomplished by a serles of strata breaking free from the
underlying rocks and sliding down hill so to speak, it is
possible that the folds so produced could be unfolded rather
easlly if the tilt of the plane down which the originasl
sliding took place were removed or reversed, With regard to
the character of the substratum, the decollement in the Jura
Mountains 1s belleved to have been facilitated by the presence

-9 -
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of relatively thin strata of salt, anhydrite, and shale
whnich acted as lubricants for the overlyiug rocks sliding
over the underlying unaffected Paleozoic rocks.

With the exception of the type of fold;ng noted above,

very l1ittle is known about the actual total ‘d;ﬁtix‘ of folding

beyond the empirical data derived from drill holes, which
rarely penectrate tho entire stratigraphic coluwm. In most
cases, 1f not all, it is not known whether the basement rocks
are involved in the folding or not, but evidence from nuwmerous
deep oil wells or tests indicates that the depth to which
folds extend is very considerable and that in most instances
the intensity of folding increases, rather than decreases,
with depth, particularly in parallel folding.

As interpreted by the writer, a decollement and the
resulting folding are a product of the force of gravity. It
has been suggested that if the %11t of the swrface upon which
the shearing tock place were removed or reversed, wnfolding
would be a likely consequence.

The force of gravity is responsible for other tectonic
effects. Harrison and Falcon (1934, p. 303) had the
following to say with regard to structures produced by gravity:

"In parts cf South-West Persils the rocks were
thrown into large simple anticlinal folds during the

Alpine orogeny. Later, these rocks, comprising

massive limestones separated and succeeded by con~

siderable thicknesses of incompetent strata, were

sub jected o differential erosion, which has unroofed

the limestones and removed their support in plsces,

The action of gravity upon the folded rigid rocks

has produced strikingly sbnormsl large-scale struc-
tures, varying according to the attitude of the







limestones., The structures include cascading dips,

overturned flaps on the edges of the synclines,

large recumbent folds, slip-faulted blocks, 'roof

and wall' folds, etc. Similar features are lisble

to have been formed in the Laramide, Hercynian and

Caledonian Revolutions--whenever, in fact, orogenesis

had thrown the rocks of the eerth's crust into folds

of large amplitude., Balley has produced evidence of =

rare structures caused by steep topography im sub=-

marine earthquake zones, and Jefferies has indicated

the fundamental instabllity of towering piles of

roek and their inherent tendency to flatten under

the influence of gravity. The ovidence examined by

the authors shows that this process tends to oceur

when the surface relief is of the order of 2,000

feet or more in limestone fold-mountains, Formerly

such structures have been imputed to the action of

tangential or rotational foreces only.”

The loading and unloading of the sarth's crust may be
considered logically under the heading of the function of
gravity in the unlolding process, Loading may be accomplished
by means of sedimentation, glaciation, or the extrusion of
molten rock matter and pyroclastics. Unloading 1s essentially
a function of gradational sagenecles.

Two of the principal assumptions which must be made in
pestulating quantibatively significant unfolding of domal or
anticlineal structures by loading, unloading, or any other
means are; (1) that the materisl under the crest of the
structure at depth can be displaced, and, (2) that there is
sufficlent vold space, most likely intergranuler, left at
depth during the original deformation so that complete dis-
placement of the substratal material is not required. The
main possibility in the second case is for compaction of a

sufficient vertical extent to compensats for the downward







settling or unfolding of the anticlinel structure. The
assumption here 1s that the anticline will tend to settle
according to the prineiple of isostasy, whereas the syncline
would tend to rise in order to achieve isostatic balance,
up-arched structure. In this conmection, Willis® concept is
pertinent. In his paper on Appalachian structure, Willis
(1893, p. 246 £f.) implied that a competent stratum can 11ft
the entire load from the beds beneath it during the formation
of the anticline, This does not mean, according to the present
writer's interpretation, that the anticline forms am arch over
the underlying beds with an interval of void space between the
lowest stratum of the anticlinal arch and the materisl beneath,
but rather that the underlying beds do not support the upward
fold during the time of 1ts creation, end while the creating
forces are cperative, the anticlinal arch is self-supporting.
If the compressive forces relax, or the buttressing effects

of adjacent structures are destroyed by erosion, the arch
would tend to settle under the force of gravity, compacting
the underlying materisl or displacing it.

The problem of displacement of material at depth during
the process of unfolding 1s best solved by the concepts of
rock flowage and plastic deformation. The idea that an anti-
clinal structure can act as an unsupported arch is acceptable
only on a very limited time basis. If plastic rock Tlowage
can be the means by which the material benmeath the crest of
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an upwarped structure can be displaced upon unfolding, it
can also be the means by which any void apace left by the
ereation of an unsupported arch cen and will be filled, The

creation of a zone of lessened pressure under an arch of

strong rock would tend to initiate plastic flowsge inwerd |

under the limbs of the structure and wpward under its crest.
With the oceurrence of conditions favoring unfolding, the
force of gravity acting downward would tend to initiate
plastic flowage downward and outward, displacing the material
under the arch and permitting the whole anticlinal structure
gradually to unfold, (Fig. 1). The reversel of the direction
of plastic flowage is the result of relative pressure condi-
tions existing in the region beneath the anticlinal crest, If
the structure is assumed to be more or less self-supporting,
a low pressure gzone should exist under the arch. With the
relaxation of compressive forces, or for other reasons, the
arch will no longer be self-supporting, and the force of
gravity acting upon the structure will create a zone of higher
pressure under the anticline, initiating flowsge away from the
structure,

An effective means with which %o accomplish unfolding
by loading end unloading would be continental glaciation.
A continental glacier has not only the enormous weight re-
quired, but also progressive movement which would tend to
iron-out gently to moderately folded structures which stood
in the path of the advancing ice. That the force of an ice

- 13 -
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GRAIITY RS e e e S

Disgram showing the effect of gravity on folded
structures and the resultant displacement of sube
crustal material by flowage.

The arrows in the suberustal region indicate flow-
age away from the crests of the anticlines, with a
resulting component exerting an upward pressure in
the synelinsl area, Space for lateral expansion
of the strata as they flatten may be provided for
in part by erosional breaching of the beds, thus
destroying the mutually supporting roles played by
ad jacent anticlines and synclines.
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sheet's outwerd, more or less horizontel thrust action is

very great can not be galnsald, and that the dowmward pressure
due to 1its enormous welght is likewlse very great is attested
to by the fact that some 500 feet of vertical elevation re~
sulting from plastic return of wmaterisl at depth can be demon-
strated in the Labredor area and 1250 feet or more at Hudson
Bay. (Daly, 1926, p. 194~5). Considering that there have
been at least three major periods of extensive continental
glaclation; in Precambrisn, Permlan, and Pleistocene times,

the very extensive amount of unfolding uhioh_eoald have been
accomplished by this means may be significant,

Volecanic action is one of the principal means by which
loading of the crust is accomplished, The burying of pre-
existing structures by pyroclastics and extrusives will not
be considered here in detail although loading by extensive,
thick lava flows nmst have its effect in the alteration of
the structures over which the extrusives are deposited.

The extrusion of basaltic lavas on the scale exemplified
by the Columbia River Flateau basalts necessitates a mejor
read justment of the crust over a very considerable erea.

That some part of this adjustment of the crust to the new
conditions arising from the redistridution of exceedingly
large quantities of subcrustal material will result in sub-
stantiel changes in the form and attitude of existing struc-
tures seems very likely. Among these changes, the unfolding

of pre-exlsting structures appears to be one of the more
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probable adjustments. In such & sibtuatlion there are two
possibllities for unfolding. First, there is the subsidence
which occurs when there 1s a withdrawal of large amounis of
molten material from depth. Secondly, the deposition of this
of the area over which the lava 13 deposited. In both cases,
local basining asction could be expected to btake place and, as
will be shown in the next section of this paper, basining
actlon, with 1%s production of tension or stretching, is an
luportant means of unfolding struectures which existed prior
to volcanism,

The following observation by Nevin (1950, p. 102) is
consldered appliceble at this point:

is a :md:::;tointxszmt;b:‘:c ntgi:’e;l::od.of

extruded rock has been great. Of still more re-

Glass, ive the smali Femies formed by remvins

the surface support during mining operations and
in the drainage of certain types of oil reservoirs,"

Basining Action

The formation of basins of considersble areal extent is
considered to be one of the meams by which unfolding may be
accomplished. Whether the basining action comsists of a
subsiding central area surrcundsd by a relatively fixed rim
or a relatively stable central portion beimg surrounded by
rimming uplifts or a combination of the two modes of forms-
tion 1is immaterial to the point under consideration. In any
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case, part of the effect will be to set up a tensional stress
system within the basin itself and in the flanks of the bound-
ing "uplifts."” If it be assumed that the area in which the
basin forms comsists wholly or partially of folded strata, @ =
fhe effect of She tensional Stress ssh wp by She basinimg
actlion would be to stretch~out or unfold the structures pre-
sent to a greater or lesser extent, It should be pointed

out, however, that the effect of basining action could well
be twofold, i.e., the upper part of the stratigraphic section
affected may be subjected to some compression while the lower
part is subjected to temsional stresses. It is thought that
the net effect will be primarily tensional and that unfolding
will be one of the results of the basining process. In the
case of & basin formed by asctively rising peripheral uplifts,
the unfolding action can readily be visualized. However, in
the case of a basin Tormed by the subsidence of the central
area, more special conditions must prevaill in order that
unfolding may proceed, Assuming again that the area involved
consists of folded strata, it may be seen that the initial
subsidence of the basin will serve only to intensify the
existing folds. In order that unfolding may occur, it is
necessary that the subsidence be of sufficiently great
magnitude so thaet when basining action or subsidence stops,
the profile distence on any line across the basin is greater
than it was, on the same line, prior to the beginning of
basin formation. (Pig. 2). Otherwise, no "stretching" has
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Diagram showing unfolding by basining action.

Part A represents a seriles of folds of approxi-
mately the same elevation.

Part B shows the stretching and consequent un-
folding to which the folds in A are sub jected
when a basin is formed, either by uplift of the
marginal areas, subsidence of the central part
of the basin, or both.

At the scale shown, the length of the folded

strata in A is approximately 107 miles, in B,
112 miles.
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taken place with the consequence that unfolding could not
have occurred,

For that school of thought which holds that basins are
frequently the product of compressive forces s the preceding
discussion 1s of Iittle velue. It is difffoult, if not im- |
possible, to make a case for unfolding, based on the hypo-
thesis that basins are compression features. However, viewed
as a secondary result, unfolding may be demonstrated. Regard-~
ing the post-compression period, Nevin (1950, p. 102) had
this to say:

"After the folding and smashing of an area by com-

pressive fmn, relaxation may set in and give

major high-angle normal faults, Some of
uttnng bo the nmtor urrying the fold
Smpressic 1cs

oo far,
A_!gmﬁ oty Yo .
presen ¥, &8s the compressive

pr
forces diminuh, the roclu, boemu of their elas-
ticity and resilience coqnnuh {u-emu for the
previous crustal lher by active oxtonuim,
vertical relaxation, and normal faulting,"
It should be noted that Nevin's phrases, "active exten-
sion" and "vertical relaxation" appearing in the last sentence
quoted above, if taken together constitute nothing less than

partial unfolding, His statement that folds are unstsble is,

of course, the fMundamental theme of this paper. However, it
is thought that there are important supports for unstable
folds other than active compression. Considered from a
regional point of view, adjacent folds and eventually perhaps
even a craton will serve to buttress the foid and when erosion
or faulting serve to destroy the buttress » the folds may become
unstable and begin to unfold.
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Lockett (1947, p. L429) presented an interesting analysis
of the development of structure in basin areas. His main
theme is tha®% the tensions set up by the subsidence of basin
aereas adjacent %o and lapping uwpon a tectonically stable
stress which i1s in turn responsible for the deformation of
the subsiding sediments,

Domes, arches, and anticlines are not necessarily stable
elements, Tectonlec stability is a nlativo thing and it
should be kept in mind that unfolding is thought to be a very
slow end long~continuing process, With regard to the deforma-
tion of the subsiding sediments by tensional stress, it is
hoped that the foregoing discussion of basining action has
made it clear that ome of the principal effects will be to
unfold to a greater or lesser extent the pre-existing struc-
tures which may have been present,

The Action of Vertical Forces

The concept involved here is a relatively simple one.
If a basin or syncline under consideration is of small aresl
extent, that 1s, an individual basin or syncline, and vertical
forces meting upward are localized under the structure, the
effect will be to unfold the syncline or basin. In most cases,
the probability is that the wmfolding will be pertial in both
degree and extent for it would be fortuitous indeed to have
the locus and extent of upwardtacting forcee coincide exactly
with the trend and extent of a local basin or syncline,
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Still considering the matter on a smell scale, a similsar
case may be made for verticel forces acting downward, in which
case if the downward forces were concentrated beneath an
upward-arched structure such as an anticline or dome, the

In the case of localized vertical forces, basement fault-
ing may be the immediate cause of the upward and downward
movements so that it could be expected that these movements
will oceur as couples and the unfolding whiech results will
depend upon the geographic distribution of surface structures
in relation to the trend and megnitude of the basement faulting.

Considered from a regional point of view, verticsl wplift
may be thought of as dpolrogony and the result, with reference
to unfolding, 1s analogous to that produced by basining action,
elthough opposite in direction., The gentle up-arching of o
folded region would tend to stretch out the folds, thereby
lessening the sharpness of folding and would also provide a
subsurface gradient which might fecilitate the action of
gravity in the unfolding process by providing a downward-
sloping "plane" upon which the folded sediments could move
laterally.

Migrating or "wWave" Folds

The next comsideration is the wnfolding which may result
from undulatory movements of the earth's crust. The results
of such progressive undulations have been referred to in the
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literature as migrating anticlines, synclines, geosynclines,
ete., depending upon the form and the scale of the feature
under consideration,

The Dutch and, to a lesser extent, the German geologlsts
geologiec phenomenon., The reader is referred to the works of
Tromp (1937) and ven Bemmelen (1933) for the somewhat involved
theoretical considerations which enter into their explanations
of the physical causes for undulatory movements of the crust,

That rhythmic wndulations of the crust have oceurred in
the geologlc past appears to be an established fact., It is
highly probeble that the phenomenon is of a more or less con~
tinuous nature end that the earth's crust is undergoing un-
dulatory movement at the present time,

Whether such undulations are of sufficient magnitude and
duration to be considered as permenent structures is not alto-
gether certain, but it seems likely that they may be. The
eritical points involved here are the speed with which the
undulations move over the surface of the earth and the ampli~
tude of the waves, If the amplitude is small and the speed
relatively great, one is dealing with a motion rather then a
structure, as is the case with water waves. Conversely, if
the amplitude is great and the progressive forward motion is
very slow, then an undulation or earth wave is a structure.
Now obviously a structure which moves, however slowly, across
the face of the earth gives rise to folding followed by
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unfolding, for if we consider the case of a single wave moving
from east to west at the rate of 5 centimeters per year through
horizontal strata, at a given moment in time a point on the
crest of the wave, structurally an anticline, will have a
‘precise geographic location, with ﬂat;iiii!& “a—ti';t*a‘ ;o .tht
east and west., At the postulated rate of movement, during
a period of 10,000 years, the wave or snticline will have
moved woa;tward e distance of 500 meters, leaving unfolded
strata at the location to the east where the crest of the
moving structure had been 10,000 years before, (Fig, 34).

’ Possibly the best explanation of the cause or origin of
crustel undulations is the convection hypothesis advanced by
Griggs (1939) as an explanation of mountain building. A
cycliec current flowing bemeath the crust could very concelv-
ably give rise to undulations of the crust, regardless of
whether or not the spplication of the theory to the genesis
of mountains is valid,

If the existence of convection currents in the mantle

ie accepted as a valld concept, the drag exerted upon the

under side of the crust by the moving current could serve
effectively to smooth out or unfold the structures of the
reglon beneath which 1t was passing, particularly in the area
where the current begins to make its downward turn toward the
center of the earth. In this area, a severe tensionsl stress
is beling exerted on the crust, lengthening it and possibly
dregging it downward to form a root, as suggested by Griggs

o 2% e







Figure 3,
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Diagram showing the suggested origin of migrating
folds end the unfolding produced by such folds.

A, Fold migrating from left to right. Note that

in the ares between the vertical lines, the anti-

cline in section 1 has been completely unfolded

in section 3. The profile of No. 1 might be early
Pliocene, that of No. 3, late Pliocene.

B. The action of a convection cell in the de-
formation of the earth's crust, possibly the means
by which migrating folds are originated,

After Griggs, 1939, p. 6.







(1939, p. 645). This tension set up by the convection current
as well as the unstable base for crustal structures which the
current provides would seem to set the stage for widespread
unfolding. (Fig. 3B).

the cells set up by convection currents or the speed of flow
of the current itself. Various workers have postulated the
breadth of a cell as ranging from 100 to 8700 lom and the
speed of the current has been estimated at from a few mm per
year to as mmch as 70 om per year.

The long-accepted concept of 1sostatic adjustment may
be extended in its application to provide another explans-
tion for unduletory movements of the crust and consequent
unfolding of previously formed structures.

The concept of subecrustal flowage, as developed in the
isostatic adjustment theory, is thought to be e primary force
in both folding and unfolding. Assuming that major folding
may inelude the entire thickness of the crust, or at least a
significant proportion of the total thleckness, it follows
that suberustal flowage will impinge with greater force
against the downfolded or synclinal areas, thereby tending
to 11t and unfold them, This would be the case particularly
where the folding was gentle. Conversely, such flowage could
be interpreted as incressing the intensity of pre-existing
folds by means of the dragging action exerted against their
bases or troughs. There is, however, an additional point
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for the affirmestive argument, i.e., the uplift created by
flowage from an ocean basin toward the continent would tend
to create tension in the crust, which together with local
1ifting action resulting from impingement of subcrustal

Tlowage agailnst the troughs of downwarped areas would tend to
unfold the previously existing structure., If this concept be
accepted, it becomes mandatory that folding and subsequent
unfolding be conaidered as parts of an alternating cycle.

The eyelie nature of major deformational periods in the
earth's history has long been accepted. It is only necessary
to add here that 1t is possible that a subsequent cycle of
deformation may Jjust as well partially undo the work of its
predecessor as 1t mey augment that work.

There follows a hypothetical example of how such eyclie
deformation might operate with regard to unfolding:

1, Assume a primeval earth with continents, seas, and
& crust of unequal thickness, the latter possibly the result
of differentlial density. Assume further that it is a dynami-
cally balanced system, which is logical if the earth solidi~-
fied from a molten state.

2. Beginning with the first rain and wind, material
will be transported from the continents into the ocean
basins, In time, sufficient mass will be moved from the
continents to the ocean basins so that the balance of the
system will be disturbed. Two basic possibilities now
arise: (a) the distridbution of mass on the earth will







become more and more unegual and the spinning giobe will
ultimately rack itself to pieces or, (b) flowage in the zone
underlying the rigld crust will effect a redistribution of
mags so as to keep the system in balance, Possibly some of
crust in the past have resulted from the time lag existing
between the conditions postulated in (a) and (b) above.

3« A% a certain critical point, suberustel flowage
will be initlated, In postulate (1) 1t wes assumed that
the original crust was of umequal thickmess, This being so,
a current of subcrustal material would impinge with verying
degrees of force along the under side of the crust, Differ~
ential drag and wplift would be created which would in turn
produce deformation of the crust, some of which would be
folding. Theoretically, when the mass lost by transport of
sediments from the continents iz replaced by suberustal
flowage from beneath the ocean basins, flowage should stop
until the critical point of unbalance 1s again reached.
Probably it does not, at least not immediately. This excess
of subecrustal material moving under the continents is possibly
the reason for the culmination of orogenic cyeles in great
mountain-bullding periods.

. The cycle now repeats 1tself through the first three
stages, w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>