THE CANON OF MARINE TRANSGRESSION
IN POST-PALAEQZOIC TIMES.

By J. S. Lee.
I. Introduction’

In attempting to attack the-fundamental problem of geotactonics, the
writer has endeavoured to show, along very broad lines, that tlie more important
marine transgressions in the Northern Hemisphere during the Paleozoic Era
are conducible to a certain rule, that is, prior to an episode ‘of orogenic move-
meni marine water generally transgresses in the low latjtudes, and. regresses from
 the high latitudes; whereas during or immediately after the diastrophism the
movement of marine water is generally reversed [69]. It was left to be demon-

strated whether a similar order of things prevailed in post Palmozoic times.

This forms the subject of discussion in the present paper. As we are in
possession of greater detzil of post Palmozoic stratigraphy, the several cases are
more {ully discussed than before. But tlie enormous mass of data involved

-makes it quite impossible to treat the subject in this short review with desired-

thoroughness. Moreover much is yet to be done regarding the stratigraphy-of
the Aretic regions which, for certain reasons, ought to be the more sensitive
_parts on the globe to testify-to the oscillatory changes of the oceanic figure.

During the preparation of the present paper, the writer has found much
epcouragement in the authoritative work of Preofessor C. Schuchert on the
"Palmgeugraphy of North America” and. his more recent writing on the *Site
and Nature of North American Geosyné]inés”. The problem of oscillatory marine
transgression was apparently seriously considered by Professor Schuchert and his
late colleague, Professor J. Barrell (if Professer Schuchert is herein rightly
understood). Unfortunately the writei remained ignorant of that vital part
[113a] of their illuminating discussion until quite recently when he had an

opportunity to consult Professor Schuchert's full paper on North American
Palmogeography. )

At the same time some difficulty has been encountered in following the
theory of compensatory transgression [51] so emphatically advocated by the late
iliustrious Haug, This, however, does not mean that Haug’s idea is altogether
jrreconcilable with the writer's contention, because compensatory movement of
a water body in the neighbourhood of a geosyncline can very well take place
while the oceanic surface is effecting a grand oscillation. Dr. H. Stilfe’s argu-
ment [115] on the coutemporaniety of transgressive or regressive movement and
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orogenic folding can be taken as a step toward our conclusion so long as it is not
categorically maintained thag transgressions were simultaneously effected to an
equal extent in all latitudes and for all times.

We must not, however, suppose that the oceanic figure alone could be
deformed to any extent, because the mobile mass of the ocean is under all
circumstances controlled by the gravitation potentjalas is clearly set forth in
Clairaut’s theorem. In other words, the deformation of the oceanic figure cannot
be expected to exceed a certain extent without being accompanied by a corres-
ponding. deformation of the figure of the lithosphere. The actual differential
amount of deformation depends upon the deformability or the strength of the
lithosphere. The whole problem is highly complex, and evades simple treatment
even if we start with certain mathematical. asSumptions. It is only tbrough the
comparative extent of marine invasion in the high and low latitudes during two
successive periods of time that we begin to realize such grand oscillations.

Nor is it safe to disregard the changes prodaced by local or regional
subsidence or elevation on the part of land-surface as a consequence of tectonic
“‘evolution’ or “revolution,” If the absolute amount of lowering of the land-
surface exceeds that of the negative movement of sea-level, the area concerned
would then, no matter where it is situated, be submerged. Such an area is
geuerally-_an active geosyncline or a synclinal basin, and can therefore be
recognized as such, though perhaps with some difficulty. For this reason, no
great evidential value can be attached to the ‘distribution of the. epeiric waters
during 2 period of great revolutionary upheaval when the whole of the cons
tinental blocks were more or less continually undergoing a profound change suc.h
as in the Permian and Neogene.

Befote entering on detailed discussion, it should be noted that thrﬁugh-
out the analysis of the data assembled here, no assumption is made of extensive
pole-wandering. A limited displacement of the poles, say within the scope of
ten to [lifteen degrees, would not however materially affect the general con-
clusion to be drawn. Certain tectonic as well as transgressional phenomena are
indleed better explained if we assume that the equator lay, with reference to- the
African Continent, about ten or at most fifteen degrees to. the north of.its
present position in Mesozoic and Tertiary times.

II. Review of Evidence.
A. TRIASSIC.

As aresult of the grand tectonic revolution toward the close of the
Palgozoic Era, the continental blocks as a2 whole obviously underwent 2 con.
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siderable uplift. Continental depressions in the Northern Hemisphere that were
filled with marine water at one time or another during the Triassic Period, were
but few in number, relatively restricted in extent: and in the case of those which
only had a boreal connection, the stratal history is yet by no means clear. So
far as the Eurasian Continent is concerned, there seem to have been two cycles of
oceanic oscillation within this period. The first closed in the Ladinjan and the
- second the Norian. Evidence, or at least indicatioms, for these oscillations
are best found in the Alpine Trids, and in certain cases in the Indo-pacific and

* . boreal provinces. The Germanic province being situated in between the boreal

and Mediterranean basins, furnishes no conclusive evidence.

The general character and successjon of the Triassic formation in the
Alpine Geosyncline are best summarized by Haug in the following terms [52a]:—

4., Norian Stage, an epoch of very general calcareous sedimentation

3. Carnian Stage, a “'lagoonary régime"’, everywhere, except the axial
part of the geosyncline, characterized by chemical or detritus
sedimentation, often charged with vegetable debris.

2. Middle Trias, an epoch of calcareous sedimentation which proceeded
-in certain places almost uninterruptedly.

I. Lower Trias, an epoch of detritus sedimentation. _

From this stratigraphical summafy, it is to be deduced that in the
Lower Triassic time, there was a general regression; in Middle Trias, transgress-
jon; again at the Carnian Stage, regression; this was followed by the Norian
transgression with which closed the Triassic Period. This econdition does not
only hold in the Alpine Geosyncline proper, but appears to extend into Carpath-
ian [128, 35] and Crimea. The Ladinian is sometimes reported to be absent,
but more careful investigation has shown that that stage is very often represent-
ed in those nlaces by unfossiliferous or almost unfossiliferous dolomite [74].

The Himalyan Geosyncline apparently remained to be a deep water
basin throughout the Triassic Period, though careful stratigraphical research
may bring out breaks of import. The Tropifes Limestone of Byans suggests, for
instance, the existence of a break within the Upper Carnian or Lower Norian
[22]. It is in the north-eastern extension of the Himalayan Geosyncline that
we find definite evidence for the expansion of the Muschelkalk water. This is
shown by the stratigraphical devélopment in south-western China. What hap-

pened ir the southern and south-eastern part ot Europe is thus, at least partly
paralelled in southern Asia.
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For comparing the southern conditions with those of the high north,

let us take the stratigraphical summary for the Triassic development in morth-
eastern Siberia given by Obrutchew {87a]:

Upper Trias:
6. Rhaetic, Wanting.

5. Norian. Distributed in the northern and southesn coastal districts

of the Ochotsk Sea, Verchoyanski Mountain, Yana Basin, New
Siberian Islands and probably Olenek Valley, consisting of altern-
ating beds of black, clay-shale, sandy shale and sandstones, and
sometimes quartzite and conglomerate. The sandstones often yield
plant remains, and the shales contain numerons pelecipods, especial-
ly Pseudomonotis ocholica, some brachiopods and rarely cepha-

lopods.

4. Carnian. Distributed in the north coast of the Ochotsk Sea, Yana

Basin (along the river Dulgolach) and the Kotelny Istand, consis-
ting of shales and limestones with Halobia fallax, H. zitéeli, Pseu-.
domonolss and Schizoneura. -

Middle Trias:

3. Ladinian. Wanting.

2.

Anisian. Distributed in the neighbourhood of Vladivostock (Ra-
sdolnaya, Russki Island) and in the Kullar Mountain, en the
lower reach of the Yana and the Mouth of the Olenek. In the
neighbourhood of Vladivostock, this stage-is represented by miatl,
shale and sandstones with Ptychiles; Xenodiscus, Monophyllstes,
Pseudomonotis, Pecten, Lima, Linpula etc.; in the high north, it -
consists of calcareons and sandy shales and ravely sandstones with
Hungariles, Beyrichites, Parapopanoceras, Spirifersna, Rhynchonel.
la etc.

Lower Trias:

1.

Scythian. Represented in the southern part of north-eastern
Siberia, along the Amur Valley and the Russki Island, by sang-
stones, conglomerates, and shales with Meckoceras, Myophoria,
Myalina, Pecien, Pseudomonolss etc. This formation attaining a
thickness upward of 1000 m., probably covers the whole of -the
Lower Trias; wherc;as, in the High north, i.z. in the lower reach of
the Olenek, Kotelny Island, and along the northern coast of the
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Ochotsk Sea, conglomerates only seldomly occur, the prevailing
type of rock being shales and sandstones. 'fhese strata contain
numerous cephalopods, such as M eekoceras, Xenodiscus, Monophyl-
lites, Czekanowskites, Keyserlingites Olenckites etc. probably
representing upper Scjrthian.

The Ural or its sequent Geosyncline was probably submerged in the
Lower Triassic time. The whole of that hypothetical water-body had undoubted-
ly disappeared since the early part of the Middle Triassic. Whether that area
was again submerged sometime in the Upper Triassic is a matter that for the
present must be held with doubt. The discovery by Dr. J.G. Andersson of a
Myophoria formation in the Bear Island [2] is however a {act of considerable
interest from our point of view, because the fauna obtained by Andersson, inclu-
ding Clionsites, Dawsoniles, indicates Carnian transgression, In Spitzbergen, the
Triassic deve]opment though yet ill understood, offers some interest for comparb
son. The Isfjord Series which directly overlies the_ Permian, is reported to be
overlain by a bituminous limestone with Posdanomya wmsnor, Meskoceras furca-
tum, Mcnophyllites spitzbergensis ete. apparently ‘of lower Virglorian age [75].
This is in turn overlaid by a black shale with Daonclla linstremi, D. arclica,
Ptychites and Parapopanoceras, a fauna apparently comparable with that of the
Auisian of N. E. Siberia. The occurrence of a bituminous shale in Mont Tscher-
mak with Halobig zitieli recalls the Carnian in N.E. Siberia.

Thus it would seem that during the Lower Triassic time when a Tegress-
ion of marine water.took place in the Alpine Geosyncline, parts of N.E. Siberia,
Spitzbergen and probably part of the Ural sequent Geosyncline were under
marine water; that during the later part of the Middle Triassic epoch when there
was a general inundation in the southern seas, there was a compensatory regress-
ion in the morth; that when a ‘"lagoonary régime” Prevailed in the Alpine
Geosyncline in the Carnian time, there was a transgression in Spitzbergen and
perhaps in N.E. Siberia as is shown by the deposifion of calcareous and argilla-
ceous sediments; and finally that the Norian transgréssion took place in the
southern seas, but in the high north, this stage was only represented by con-
tinental deposits or detritus material. It Temains to be seen whether similar
relations hold for the movement of the epeiric waters of the North American
Continent during the Triassic time. TFor a strict comparison, we have yet to

wait for a detailed stratigraphical investigation of the marine Triass of Arctic
North America.
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B. Jurassic.

Inasmuch as the zoning work of the Jurassic formations has been carri-
ed out in some detail over large areas of the world, particularly Europe, we can
follow the movement of the oscillatory seas of this period with some accuracy.
There were at least two cycles of oceanic oscillation during the Jurassic Period.
The first of these constitntes the Lias, and the second, the Qolite. Minor oscilla-
tions may have taken place towards the end of the Oolite time; -but they are not,
at 2ll events, comparable, in extent or duration, with the two ma jor ones.’

(a) Tiassic Cycle.

For convenience, we will first deal with the southem seas. In the
Mediterranean region, the development of the Lias is somewhat varied in different
areas. Within a few basins, the several_stages Qf_ the Liassic formation succeed
one above the other fvithodt' any detectable break, such as in the Tage district,
Portugal, the neighbourhiood of Digne, the Dauphic Basin, Lombardic Alps and
‘Dinaric and Apennine geosynclmes In the Aquitanian and the Rhiéne Basins,
the succession s almost complete; only the Iugher stages of the Lower Lias are
absent. These are, however, exceptlonal cases. As a general rule, we may say .
that the Liassic sea became transgresswe from the Domerian upward. Thus in
the Teruel Province, northern Spam, neritic Domerian Limestone sometimes
rests dlrectly upon Hettangian dolomite and sometimes on the higher stages of
the Lower Lias [23]. At the northern entrance of the Rhéne Basin or ''Golfe
des Causses” a transgressive sandy Ilmestone of Domeriap age is separated from
the Sinemurian sormetimes by a conglomerate and sometimes by a marly limestone’
(ro4). Similar stratigraphical relation appears to persist in Basse-Provence,
though, there, the transgression may have.started somewhat earlier, In the

Venetian Alps [79] and Transylvania, the higher zones of the Domerian are alsn;
decidedly transgressive.

It is however dunug the Toarcian and Lower Aalenian times that the'
Liassic sea became most extensive in the Mediterranean region, For palwoniogical
records show that the famous Rosso Ammomtxco Limestone and its equivalents
extend over the Lombardic Alps, large areas of Italy [76,3]1, southern Spain, and’
reaches as far south as the Traras Massif and Benisnassen district on the
Moroccan frontier {42). In Calabria, the higher stages of thes Lower Lias as well
as the Middle Lias are entirely unrepresented. The Toarcian and Aalenian stages
often directly rest ‘upon eroded granite {44]. The Briancon area which stood
above the water between the Dauphinic Basin on the west and Piemont Basin on
the east, xas by this time also submerged
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Lvidence of Tearcian and lower Aalenian transgression is furilier re-
corded in Cracow {105], the Dontez Basin, Balkas, Crimea [4], East Africaand
Himalaya where the Upper Liassic is probably represented by the main body of
the Kioto Limestone of great thickness. In the Isles of Botti, near Timor, the
ejected material from vdlbanc_:es furnishes positive evidence of the existence of

the Lower Lias and the Toarcian, the presence of the middle Lias being highly
problematic [106].

In the Arctic region, marine Lias is rather poorly developed. And of.
thé few areas wherefrom marine fossils have been obtained, our knowledge is as
yet insufficient to permit us to form any definite idea. as to the nature and
succession of the Liassic strata. Between the Chatanga and the Lena, Toll and
Tolmatschev obtained a number of fossils which, according to Pavlow [q1], are
partly to be assigned to the Middle Lias, Lower and Upper Liassic forms béing
absent. The Aalenian stage with Haerpoceras murchisonae is represented in the
Vilui Basin by argillaceo-drenaceous strata being overlaid and underlaid by fresh
water yleposits [59]. A marine Liassic formation probably exists in the Yana
Basin; but its exact stratigta'phical position is yet unknown.

On the other side of the glube, marine “Upper Lias’ is reported to
occur in Prince Patrick Land. The fossils obtained (Harpoceras macelinfochi
Monotis seplentrionalis) furnish, however, no conclusive evidence as to its exact
strafigraphical position [1x3b]. In the south-western part of North America,
evidence of upper Liassic transgression is found in northern California [ 54] where
the Hardgrave Sandstone with a marine fauna directly overlies the Trail Forma-
tion of continental origin. That this submergence is not of local character is
indicated by the-presence of a thick Liassic limestone in western Nevada, and of
a marine argillaceous formation in the Puebla and Vera Cruz areas [5].

These facts indicate that from the lé.ter part of the Domerizn up to the
early pﬁrt of the Aalenian time, or briefly during the Upper Liassic epoch, there
was a general positive movement of sea-level in the low latitudes. It remains
however to be proved whether the floods in the Chatanga-Lena area and in the
Vilui Basin preceded and followed respectively the expansion of marine water in
the south. Whatever happened to the north, the evidence is fairly conclusive

that there was a gencral expansion of the southern water in the later part of the
Liassic epoch.

(b} Oolitic Cycle.

As in the previous case, we will first review the more important
stratigraphical results obtained from the southern regions, and then proceed to
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discuss the evidence from the north. On the northern border of Iberic Meseta,
northern Spain, a continual sequence of the Bajocian to the Callovian is
developed-in the Terual Province. And again all the different stages ranging
from the Argovian to the Kimmeridgian, are represented by fossiliferous deposits
in the Aragon area. This sequence is capped by an unfossiliferous sandy limestone
questionably assigned to the Portlandian. The Oxfordian is totally unrepresented
" [23]. Similar development holds in the Aquitanian Basin; only, there, the
Callovian is but slightly developed, i;.nd the Portlandian is. fossiliferous proving
that the latter belongs to the Lower Zones of that stage, or the Bononian.

On the border of the Central Platean of France, particularly the north-
eastern part of it, the Oxfordian is again wanting, and the Jower zomes of the
Bajorian are also unrepresented. Otherwise the Oolitic formation is fairly com-
plete [52b].

Around the Rhiine Basin, a complete succession is found ranging from
the Bajocian to the Callovian. These are succeeded, in the "*Golfe des Causes”,
by the Argovian up to the higher zones of the Kimmeridgian. The latter is
overlaid, in the ‘“Vocontian Trough”, by the Tithonian which merges upward
into the Lower Cretaceous. The Oxfordian is however only slightly developed
in the neighbourhood of Ardeche and a few other localities. As a rule, it is
missing in and around the Rhine Basin [52¢].

In the Dauphinic Basin, there is 2 complete sequence of strata ranging
from the Bajocian to the Tithonian. Only a slight lithological change is here
and there observed in the Lower Argovian. The Tithonian shows an overlapping
tendency, In the marginal areas of the basin, the transgression of the Tithonian
sea is obviously indicated by the fact that in the Embrunais and Ubaye Sheets,
the Briancon Zone and Basse-Provence, the Tithonian rest directly upon the
Lias [60]. Similar conditions seem to prevail further north, and probably be
maintained in the Swiss Alps. '

In Southern Tyrol [g4] and western Carpathian [80, 129], the lower
stages of the Qolite ranging from the Bajocian to the Oxfordian are completely
developed; but the upper stages, namely, from the Argovian to the Kimmeridgian
are unrepresented. The latter stages are however present in eastern Carpathian,
Podolian Plateau {eastern Galicia) Gylkos-kg, (east of Transylvania) Dobrudscha
and Armenia. Inthese places, the Kimmeridgian either overlaps the older -
formations (eastern Carpathian) or rest directly upon rocks of much older age.

In the Apennmine region, the lower stages of the Oolite are largely
represented by a massive limestone which is reported to contain Reinekesz and
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Perisphinctes. This limastons is overlaid by the Aptychus Shale. A calcareous
facies of the shale has yielded Kimmeridgian fossils at the Mont Serra, Toscana,
overlying, in the last-named locality, upon Lower Lias {14]. The Tithonian is
clearly transgressive both in the Apennine and the Sicily areas.

A fairly complete succession of the lower and middle Opolite appear to
. have developed in Caucasus, Crimea (Sondak), Trans-Caspian (Manguychlak) and
Donetz. But in Caucasus the higher zone of the Kimmeridgian i$ missing [81];
and the Tithonian or Volgian directly overlies the lower part of the Kimmei-idg-
- ian In Crimea, the Tithonian sometimes rests, with a basal conglomerate, on
folded lower Jurassic strata [1o7] and sometimes on crystalline schist as in the
southern Carpathian, The Kimmeridgian is probably unrepresented.

In North Africa, the Argovian transgression is recorded in morthern
Tunisia, the Province of Constantine and the Uarsenis massif. In these places,
the Argovian generally rests on the Lias; only isolated outliers of the Seqnanian
now and then occur. To the south of the Atlas, Bajocian and Bathonian are
often developed. In thé extreme southern part of Tunisia, a limestoné or
dolomite formation has yielded fossils that range from’ the Bathonian to Kim-
meridgian in age. To the south of Algeria and Oran, the Argovian-Kimmeridg-
ian sequence'dirpctly rests on the Trias or etuptive rocks, and underlies over-
lapping Tithonian [52d].

In Abyssinia and Somaliland, the Bajocian and Bathonian sequence is
in many instances followed, with a proﬁounced break, by the Kimmeridgian [38,
27,24]. Similar stratigraphical relation appears to persist in S. W. Arabia and
Palestine. Recent researches have shown that marine Kimmeridgian {Tendaguru
Series) occurs in ex-German Fast Africa where it transgresses upon gueiss.

Lower stages of the Qolite are very poorly, if at all, developed in the
Himalayas. The famous Spiti Shale may represent, in its lower part, the
Kimmeridgian; but the fauna that it contains is certainly predominantly, if not
exclusively, Portlandian. Inthe Cutch State, the lower stages of the Oolite are
on the other hand well represented by the Patcham and the lower part of the
Chart series which probably extends up to the Callovian. The Upper Chari and
its overlying Katrol Series undoubtedly represent the Argovian and Kim-
meridgian; for the Katrol Series contains a fauna closely related to.that of the
Kimmeridgian of the Alpine region.

In Sierras de Mazapil, Santa Rosa, Mexico, the marine Jurassic Probab-
ly begins with the Sequanian; Kimmeridgian and Portlandian are well develop-
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ed. The {ormer contains a fauna shbwing affinities with that of Central Europe,
and the latter yields the typical boreal form, Aucella. as well as other species of
Mediterranean derivation [6].

Having broadly surveyed tbe southern seas, we will now collect the
fragmentary information from the north. On the east side of Greenland, in the
Island of Khum, ij-ocia.tr and ‘Bathonian are developed. Southward, at Cape
Stewart, Jameson Land, B:ij_écian’, Bathonian -a-_s well as lower Callovian are
developed. Further south. Lower Volgian makes its appearance [771-

In his recent letter to Professor Schuchert, Dr. L. Koch affirme the fact
that Lias, Callovian and Portlandian are -especially well developed in East
Greenland. Callovian and Kimmeridgian are also reported to oceupy a large

area in King Wilbelm Land. The presence of the latter stage in the high north
is somewhat puzzlmg It would however be useless to make any comment

until the nature and exact stratigraphical posmon of the "Klmmendgla.n is
definitely established [61].

At Cape-Flora (lat. 80° N. j, Franz Joseph Lard, deposits of Bajocian
upper Callovian and lower Oxfordian ages [82] have been found below basalts
that are at times interbedded with .continental strata which contain Upper
Jurassic plants [95]. Similar conditions are maintained in King Charles Land
[96]. Both in King Charles Land and Spitzbergen Lower Vo]giﬁn also oceurs.

. In the Isles of Andg, one of the Lofoten Islands, marime Oxfordian

overlies a coal-bearing series equivalent to that of Lower Oolitic age in
Spitzbergen .[67].

On the southeastern border of the Russian Platform, i, e, in Sarat of
and Kief and in Lithuania, Bathonian is developed. This stage i$ however not
represerited in the central area of the Platform. Thus in the Moscow district, a
black shale of Upper Callovian age is unconformably underlain by the Moscovian,
and followed upward by Oxfordian, Argovisn and lower Kimmeridgian whith -
Jatter is separated from the overlying Volgian by a distinct break [55]. There,

the Volgian is represented by the upper zones of the Lower Volgian with cha-
racteristic Pavloviz and large Perisphinctes.

Further north in the Petchora Basin and Novaya-Semlya, stratigraphi-
cal records from the lower Callovian up to the highest Oxfordian with Cardioceras
alternans are completely developed, but the Kimmeridgian is unknown. Volgian
is again developed. The latter appears to spread eastward into the Liapin
district [56], Sygva Basin, and Sosva area, on the eastern side of the Ural.
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In the Riazan district the Volgian is also scparated from the underlying
lower Kimmeridgian by a break. Higher zones of the Kimmeridgian are only
represented in the marginal areas of the Platform, especially the southern part
of it. Thus in the Governments of Simbirsk, Samara, and Orenburg, the
Kimmeridgian merges upward into the Lower Volgian or Bononian, ‘The upper
Volgian, or Aquilonian, is largely developed in the Volga Valley particularly in the
area between Kachpur and Moscow, and along the Scsva Valley, and its tributar-
ies, the -Iepsia, the Nyansa, the Uolya. In the latter area, the Volgian,
according to Fedorow, is followed downward by a sandy. clay containing. marine
fossils-of Kimmeridgian age as well as trunks of fossil-wood and saverian
remains. This is underlain by an Oxfordian clay [87b].

Betweeﬁ the Yenissei and the Lena, along the Arctic coast and the Lena
Yalley, there is an extensive formation with numercus Tioceramus and Aucella,
formerly considered to be of upper Volgian age. But now they are largely
provedlto be a lower Cretdceous formation.

The fauna cbtained by Toll and Tolmatschev from the area between
the month of the Chatanga and that of the Lena, and determined by Michailski
and later revised by Pavlow (g1), shows the presence of lower Portlandian,
Oxfordian and lower Cillovian. Kimmeridgian forms are significantly absent,
In the Islets in the Chatanga Bay, Callpvian Oxfordian, lower Volgian, and
Neocomian are developed, but Kimmeridgian is again absent [109]. The only
marine Jﬁrassié_ found in ‘the Island Kotelny is of lower Sequanian age
(Aucella bdronns, A. kirghisensis). The miatine Jurassic fossils found in Cape
Vyssoki, New Siberia, are considered to be of Callovian age [91].

The Gryphaea-bearing shale (crowded with Gryphaea cf dilatata) ex-
posed at Tymgehei, on the Yana as mentioned by Toll [123], extends, in all
probabllity, over a considerable area in the Yana Basin, being overlain by
a sandstone probably Neocomian age.

Bajocian and Bathonian occur at the mouth of the Byrandscha River
on the southern coast of the Ochotsk Sea being represented by a coarse, yellow
sandstone with Ozxyfoma miinsiers. Upper Sequanian appears to be present
along the River Elga. :

In Peninsular Ala.ska, the Island of Kadiak -and British Columbia,
the Callovian is directly overlain by the Lower Volgian with Axcella mosquensss
[971.

From the data enumerated above, it is possible to attempt some
broad generalization as to the general movements of marine water during



qz2 Bulletin of the Geological Socicly of China Vol. VII.

the Oolile time. Ve note with the exception of a few sinking areas or

deeper basins such as those located in south.eastern Europe and North and

East Africa, that the Oxfordian and some of its substages are not developed

in the south; whereas Callovian and Oxfordian attain am extensive distributicn

over wide areas in miorthern Enrasia and North America: A large area in

the north-western part of the latter continent was then submerged under the

“"Logan Sea’ [68,114]. The.absence of the Ox{ordian formation from Greenland

and. elsewhere in the Arctic region may be explaided by denudation during

the Kimmeridgian time. Following the Oxfordian transgression in the porth,

there hegan in the south, the Argovian transgression which culminated in the

Kimmeridgian time. The expansion of the Kimmeridgian water in the south-
is synchronized by a retreat of the sea in the northem areas. Even in the -
Sesva Basin where the Kimmeridgian is developed, the organic remains that it

contains .indicate shallow water or even terrestrial condition. In the central

part of the Russian Platform, the lower Kimmeridgian is separated from the

overlying Volgian by a distinct break.

Now comes the question of tectonic movement. There is abundant
evidence to show that minor movements persisted from the Aalenian to the
Rathonian time or even later. But the important orogenic movement of the
Jurassic time did not break out unt#l the close of the Kimm_elridgi?an. The
nature and extent of this movement have been fully discussed by H. Stille '
[115] and J. Lewinski from the point of view of European geology, and is to
be correlated with the Sierra Nevada Orogenv in North America and the
Yenshan Movement in Eastern Asia. Dr. Stille does not distinguish the several
phases of this movemént except in the region of Saxonian folding. From the
scattered occurrence of the Berrias between the highest Tithonian and the lowest
Valanginian in the south, it appears highly probable that at least an epeirogenic
uplift occurred towards the end of thc Portlandian time. This is tenfatively
regarded as the second phases of the Young Kimmerian Movement.

Thus we are enabled to conclude that atter the post-Lias or during,
the Lower OQolite movement the open water bodily shifted to the north: that
before the late Jurassic movment the open water expanded in the south but
soon after that movement the open water again partiy withdrew to the north
leaving the Volgian deposit in the Arctic region.

The Tithonian or the southern Jurassic Sea, still continued to expand
foreshadowing the second phase of the late Jurassic movement which actually
broke out toward the close of the Volgian time.
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C. CRETACEOUS.

Six distinct stages of marine transgression are now recognizable on the
¢ontinental areas in the Northern Hemisphere during the Cretaceous Period.
Of these, three are in the north or directed to the north, and the other three
affect extensive areas in the south. Chronologically, the most important
northern invasion took place in early Neocomian time; the other two of minor
significance ocenrred in the Albian and Lower Senoni_é.n_times. The first
southern invasion took place in the late Lower Cretaceous (Neocomian), This
was intermittently followed by the Cenoman-Turonian and the Upper Sennnian
or Maestrichtian transgressions. Other minor oscillations of sea-levél may have
occurred in between these epochs; but they are relatively unimportant when
compared with those marked and more sweeping movements just referred to.

(a) Neocomian Cycle.

The Lower Neocomian transgression affects large areas in the Arctic
region. In Greenland, marine deposits with Valanginian and Barremian forms
occur in the Island of Kuhn [g2]. In King Charles Land, marls with abundant
Aucella crassicolis, 4. Kc_j;rsezh'ngi, Belemnopsis cylindroteuthis ete. overlie
the Volgian [96]. Marine Valanginian is doubtfully present in Spitzbergen-
With the exception of the Hauterivian Stage, the Neocomian formation is well-
developed in the Petchora Basin, west of the northern Ural [93]. On the
eastern foot of the Ural, glauconitic sandy clays or clayey sandstomes of
Neocomian age extend over the northem part of the Lepsia, the Tolya and
the Liapin Country, on the River Sygva. These deposits overlie the Volgian
with Pavlovia, and have yielded large Ezogyra and Blelmnite laternalis in the
dolomitic concretions that they contain [56]. Between the Tschaikina
and the Karga, and near Prilutschnoye, in the lower reach of the
Yenissei, calcareous and’ glaucorii'tic sandstones were found by Lopatin and
Schmidt containing numerous Inoceramus neocomenss. These occurrences
together with the discovery below Dudino of boulders and slabs of a grey
limestone and sandstone which have yiclded Neocomian forms suggest that
considerable areas in the Lower Yenissei were under marine water in the
Neocomian, and probably early Neocomian time [87c].

Further east, the presence of marine Neocomian is indicated, in the
Taimyr Peninsula, by the occurrence of réck-types similar to these of the
lower Yenissei with numcrous Aucelle and Aslarie veneris. Between the Cha-
tanga and the Anabara, Tolmatschev found marine Neocomian with coals of
inferior quality and rock salt and gvpsum. The tauna which it contains,
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including Stmbirskite, represents, according to Pavlow, Lower to Middle
Neocomian [9r]. Valanginian occurs. in the Islets of Preobraschenie and
Begitschev in the Chatanga Bay.

Between the Lower Olenek and the Lena, a Neocomian formation divi-
sible into two stages was found by Tschekanovsky who thought them to be
of Jurassic age, but they are now known to belong to the lowest Cretaceous.
The Upper, or the Inoceramus Stage, consists of light grey or green sandstone
with Aucella- crassicolis [71] and Inoceramus refrorsus [70]; the Lowet, or the
Surak Stage, consists of black and dark grey shales with large concretions.
These rocks probably extend up to the source of the Olenek.

Shales and Sandstones with Inoceramus and Aucella are widely dis-
tributed in the Lower Lena, Yana Basin, lower Aldan and in the neighbour-
hood of the Chara-uloch which is a name epplied to that part of the Verchoy-
ansk Mountain that lies between the Lena .and the Yana Rivers. Over this
vast territory, the Neocomian sometimes occurs as ‘marine sediment, but
sometimes it merges into lagoonary or even fresh water deposits.

Neocomian sandstone and shale with Aucella crassa, A keyserlings
A. volgensis, A. bulloides etc. near the rapids of the npper Anadyr [g8]
‘and in the Pokulnei Mcuntain, Thls fauna, according to Pavlow, is typically
Neocomian. Sonthward. lowest Neocomian {Berrias) is represented by -sand-
stones and siliceous shales in the coal-bearing series of the Bureya Basin. The
fauna which it yields consists of Inmoceramus cl ambiguus, inoceramus relrorsus,
Belemnites, etc., and its stratigraphical position is comparable, according to
Schmidt, with the Surak Stage of the Olenek [1r0]. At the mouth of River
Gorin, in the lower reach of the Amar, there occurs a black shale which has
vielded Aucella Feyserlingi, A. inflata, A. cf volgensis, Inoceramus ambiguus
etc. As in the case of the Bureya Basin just referred to, there is not mnch
doubt that the shale which contains those forms belong to the lowest Neocomian.

It appears therefore more or less established that large areas a]ong the
Arctic coast of Eurasia were submerged in the Neocomian or more Precisely
early Neocomian time. Arms of this epicontinental sea stretched far into the
south on both sides of the Ural, along the valleys of the Yenissei, the Lena and
the Yana. Partsof north-eastern Siberia were -likewise under the Neocomian
sea. The distribution of these waterbodies generally follows that of the upper
Jurassic; but the former evidently covers a larger area.

Turning now to North America, we find again ao extensive sheet of
Neocomian marine water covering large areas of Alaska. marginal parts of
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British Columbia [25], Queen Charlotte area and communicating with the
Californian Sea on the south. In this Neocomian sea, the boreal fauna, particul-
arly Aucella crassicolis, is so predominant up to the end of the Knoxville time,
that Stanton has gone so far as to state that “they must have actually monopo-
lized the sea bottom™ [112]. Another characteristic boreal form foynd in the
Upper Knoxville Series is Simbirskite which occurs in the Queen Charlotte
‘Island and California in association with the J urassic, particularly the Tithonian.
That is, the Neocomian was either deposited in the pre-existfng basins or in
their neighbouring areas w]nch subsided dfter the Young-Klmmendglan
Movement, :

The same condition holds in western Portugal, Southern Spain, nor-
‘thern Tunisia and Algeria, the Rhéne Basin and the western Alps, Central
Apennine and Sicily, Bavaria, Carpathian {Subtatric, Piennine, Dealu Sasulmj
Banat and Serbia, Dobrogea, Crimea, northern Caucasus, Transcaspian (Mang-
uychlak), western Baluchistan, Salt Range, British East Africa and Mexico.

In these areas where the southern Neocomian seas were largely dis-
tributed, we find no evidence, except on the border of the growing geosynlines,
that the early Neocomian water expanded to any extent. Even in those areas
where the Neocomian water {ended to spread morthward, e.g. in 'the Gulf of
Mexico region [114a], the transgression is by no means comparable with the
Arctic flcod of the time. The Berrias Stage which is well represented in the
north, attains even a more restricted development than the higher stages of the
" Neocomian in the south.

As to the succession of the southern Neocomian, we may note that in
some cases, the Valanginian is absent, such as in.the Southwestern part of the
Rhéne Basin, to the south of Languedoc, where the Neocomian begins with the
Hauterivian Stage {x16] The Barremian does not appear until we trace to the
north of Gard and to the Hérault district [gg]. In the middle belt of the
Flysch Zone, in Manguychlak in south-eastern Italy [1r7] and north.western
Sicily, the Valanginian is either totally wanting or very poorly developed, In
other cases, the lower stages of the Neocomian are only represented by shallow
water deposit, such as in the marginal part of the Rhéne Basin, Basse-Province
and Crimea [65]. There isolated instances per se do not of course prove a general
withdrawal of the epeiric water from.the south, especially when it is realized
that the whole region concerned had been thrown in to a state of disturbance by
the Young-Kimmeridgian Movement. Nevertheless, the fact remains that there is
no positive evidence to show that such a retreat of water was compensated by a
transgressive movement in the neighbourhood of the respéctive areas.
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On examining more clsoely the southern development of the Neocemian,
one finds certain indications which suggest a minor oscillation within the
Neocomian time. The succession of the events is best indicated on the eastern
border of the Russian Platform where there was a shallow but elongated depres-
sion extending between Petchora on the north and Crimea on the south. A
temporary passage between the Aretic and the southern waters was probably’
established in the early Valanginian time when the open water generally retreated
northward. For this wonld be the most feasible, if not the only possible, way to
account for the occurrence of Awucelia crassicolis—a typical boreal form—in
Balaclava, Crimea. The next stage, i.e. the Haiiterivian, is entirely unrep}e-
sented throughout the length of the depression. Some time during the Barremian,
the connection was again established enabling a fauna of Simbirskile to migrate
southward. Thus in Crimea we find several species of Simbirskite occurring
side by side with Lyfoceras and Phylloceras.

A somewhat similar, though not quite so. obvious, relation.exists be-
tween vthe successive: stages of the Neocomian formation in the Rhéne Basin, -
There, the Valanginian attains a relatively restricted development with a fauna
of Phylloceras, Lyloceras, Duvalia, Pygope etc., clearly of the Mediterranean
type. In the next stage, the Hauterivian, the shallow water facies becomes
more extensive with concomitant admission -of North European species. For
the most part of the Barremian, the deep water facies covers a much larger
area. At this stage North European forms are again excluded from the basin, and

"the remains of the southerr fauna play an important part in the formation of the
deposit. From the beginning of the Aptian, the water again retreated, and the
northern communication was once more established. This retreatal movement
in the Rhéne Basin is synchromized by the Lower Greensand invasion in
southern England and northern France, '

These two parallel instances suggest that the northerly retreat of
the early Neocomian water probably continued up to the end of the .Hauterivian .
stage; and then the water reversed the direction of its movement from
the north to the south: that is, retreated from the north and expanded in

the south, .terminating at the end of the Barremian or the latest, the early part
of the Aptian time.

That this late Barremian or early Aptian invasion in the south is
not a”local incident is indicaled by the natuve and distribution of the Urgonian
Limestone which is so well developed in western Alps, in the Flysch Zone,
southern Caucasus, and in Italy where it is the most constant horizon among
the various stages of the Neocomian; and is often transgressive. In the
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Gulf of Mixico area, the greatest inundation during the Neocomian took place in
the Fredericksburg Stage which contains a fauna of Regquienia, Monopleura,
Radioliles etc. resembling that of the “‘Schrattenkalk’ of the Urgonian [113c].

While it is generally recognizable that an equator-ward movement

of the open water took place in the middle and lower latitndes during the later
part of the Neocomian time, we must at the same time .admit that this
" movement cannot b¢ compared, in extent, prith either the early Neocomian
invasion in the higher, or the Cenomanian invasion in"the middle and lower
latitudes. As aswhole, we may pictore, if we take no account of the deforma-
tion of the Ilthosphere that the’ oceanic surface in the Neocomian time is
somewhat less oblate -than in-the late JuraSsm or in the Cenomanian; {or marine
Neocomian formation is not only wide-spread in the Ar:tic area, but occurs
in Padagonia, Graham Land, and in South Africa where it is known under
the name of Uitenhage Beds. The Urgonian invasion would then probably
. mark a minor cycle of oscillation within the grander Neocom-Cenomanian cycie.

{b) Cenomanian’ Cycle

The Cenomanian Cycle started with a minor but general retreat of
water towards the north. The retreat probably commenced from the later part
of the Aptian, and continued during the Albian time. In the southern regions
we find here and there the Aptian and Albian are partially represented by
a break. This is clearly the case in the southern part of the Rhine Basin [52e].
In Savby and probably western Jura, the Aptian is often either partly or
entirely missing [52f]. In southern Spain, the Albian is known only to the
east of Andalusia. In the Bavarian Sheet, Aptian is unrepresented: while the
other stages ranging from Valanginian to Cenomanian are all present [130]. In
West Africa, there is on-the other hapd a fairly extensive geosyncline, the
"“Angola Gulf” of professor Gregory, in which are found strata dating from
the middle to the upper Albian times, Many moré instabces could be given,
but since such instances could be equally well accounted for by the post-
Urgonian or Austrian disturbance in the mobile zones, they afford no proof for
a general movement of the open water.

More convincing is, however, the evidence that we find in the stable
region of the Russian Pratiorm. There, the Albian is restricted to the northern
belt,. namely, in Moscow, Vladimir and Simbirsk, but is absent from the south-
ern part of the Platiorm; for instance, in Pologne, Podoli:_l. Even in Crimea,
the presence of Albian is doubtful. That this northerly retreat of the Albian
water is not a local or regional phenomenon is indicated by the Gault invasion
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in England and by the temporary expansion of the Arctic water in N. America.
the latter case has been graphically described by Schuchert who writes [114b]:
It was during ihe later Lower Cretaceous (Blairmore-Albian} that the Aretic
Ocean began to spread south through the Rocky Mountain Geosyncline, but
these marine waters seemingly did not cxtend south of the Peace River of
Alberta, though fresh.water coal-bearing strata of about this time (Kootenai)
accur southward through-Alberta into Montana. Then.the sea retreated north-
ward.” It may be noted that this retreat of the Arctic water from the north
approximately corresponds to the expansion of Dakotan Sea in the south as the
tesult ol the Cenomanian transgression. ‘

As was dlready noticed by Suess‘, the Cenomanian transgression which
really persisted to the Turonian time, largely affected the southern past of the
Northern Hemisphere. Vast-areas in the high latitudes stood zbove marine
water. In morth-western Affica, to the south of the Saharan Atlas, the Cen-
omanidn-covers the plateaus of Tademait, Tinghert [124], Hamada el Homrah
(in Tripoli), extending as far south as Gurara, Muidir and Issauan regions. In
these areas the Cenomanian is distinctly tramsgressive, and the Albian only
occurs frere and there underneath it.

In 'Algeria and Tunisia, the transgressive Cenomanian consisting -of
marls and limestories often’ rests on the Jurassic particularly well shown in
Seressu and Lehn, south of Tiaret, Province of Oran, The Albian generally
rests conformably on the Aptian in the northern zonme, but becomes transgres-
sive on the northern border of the high plateaus in the province of Oran. The
Turonian sometimes seems to be absent from northern Tunisia; but concordantly
overlies the Cenomanian in the northern zone, and becomes transgressive towards
Moroccan Meseta [52g1. Deposits ranging from Vraconnian to Turonian in age
occupy considerable areas in Sudan [43] and Angola {15]. They are undoubtedly
of marine origin, though probably largely formed in shallow water.

Typical Cenomanian is widely distributed over Upper and Lower Egypt
in and immediately above the Nubian Sandstone [39]. The latter is a marginal
deposit in the advancing Middle and Upper Cretaceouns water. The Tu_runian
seems to be rather poorly developed in Egypt as a whole; it is unknown ia the
Sinai District. Similar conditions appear to prevail in southeastern Arabla
[26]. Palestine and Syria {7].

Cenomanian transgression is again recognizable on the northern side of
the Mediterranean, -particularly in the western part of it. Thus Cenomanian
with its typical {fauna is well-developed in western Portugal, thoogh, there, the
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transgrssion probably already started in the Albian time [16]. In southern
Spain, Cenomanian is developed with its usual fauna, but the Albian is only
known to the east of Andalusia.

In and around the Rhéne Basin, the Cenomanian is now and then
represented in its basal part by coarse sandstones which af times carry lignite
indicating incipient transgression [48]. The Albian is often absent as in the
neighbourhood. of ‘Gard and Ardéche, or shgh tly developed or represented by red
sandstones. '

Eastward, if we turh to the Savoy region and the western. Jura [§], we
find the Albian as well as the Cenomanian both transgressive. The latter
presents a variable facies showing the approach of land.

It is true that in the eastern Alpi;‘and the eastern Iranian area, the
Cenomanian together with the Albian and Turonian are often missing or poorly
developed, e.g., in the Flysch Zone where the Cenomanian is oaly Tepresented by

"the thin bedded Seewerkalk ovéerlying a sandstone of Albian age. : This absency
_-of.the-Cenomanian in parts of the eastern Iranian areas would seem to be & face
in favour of Haug's theory of compensation. Stille has However recently
demonstrated, that this break is rather to be attributed to the post-Neocomian
and pre- Cenom:a.nm.n or Austrian-Movement which must have uplifted some ‘of
the synclinal areas. That .such local uplift of the synclical areas is far from
being adequate fo compensate the immense flood that took place.eélsewhere is
shown by further inundation. On the northern border of the Bavarian Sheet.
the Cenomanian consisting of grey limestone, marls and conglomerate rests
immediately on the Trias and Jurassic. In-the western Florence region, in
Reggio, South of Calabria, the Cenomarinan directly overlies a schist. In
* Transylvania the Cenomanian is well-developed, and rests on the Neocomian or
schist [83]. In the Inher Zone of the Carpathian, Cenomanian marl overlaps
the Jurassic. Marine Cenoranian is developed in the western part of the
Bulgarian Plateau, between the Danube and Balkan, and is prebably represented
in Crimea by & chalk: In Podolia, southern Russia [125], Caucasus, it i5 repre-
sented by an argillaceous limestone overlying a glauconitic sandstone of Albian
age. In t:he Transcaspian region {(Manguychlak), Cenomanian shale overlies
‘Albian sandstone and gypseous deposit [118]. In southern Persia (Luristan),
both the Cenomanian and Turonian are represented by limestones [28]. In the
Hazara district [78], Himalaya, Vraconnian or lower Cenomanian limestene
overlies the Giumal sandstone. and the latter is overlain, in Spiti, by the Chik-
kim. Limestone which is probably of Cenomanian age. The same Cenomanian
horizon with characteristic dcanthoceras appears to have stretchéd not oniy



Ioo Bulletin of the Geological Society of Ching Val, VII.

into the Kampatsong-Tiina synclinal [53], on the southern border f the Tibetan
Platean, but enters into composition of the upper part of the Utatur Group in
Peninsular Inida where it either rests on gneiss or on continental beds of the
Radjmahal Group [26]. Further south-east, marine,Cenomanian is reported tc
occur in the Malay Peninsula {Arrakan), Java and Borneo (Kapua Basin).

The Cenomanian and Turonian are represented in North America by the
Upper Dakota or Upper Washita, and possibly lower Benton. According to
Schuchert, the Dakotah_l Sea which flooded the Rotky Mountain Geosynlire be.
tween the Liard River on the north and northern New Mexico on the SouiRt in
the course of the Lower Cretacedus time, began to spread southward in"late
Lower Cretaceous {Blairmore), and finally united, with the expanding Mexican
Water in the Benton time [114a].

Apart from the case of North America where existed a continuous trough
-extending from the Arctic-Mackenize region to the Gulf of Mexico and where the -
Rocky Mountain Geosynline_was in an active state of growth, we find only two
other areas in the Arctic where they were affected by the Cenomanjan transgress-
ion, The first is a geosynline stretching zcross middle Greenland with a Cale.
donian or Appalachian trend. * The second is the Anadyr Basin in north-eastern
Siberia. Of the first area, little is known;'in the second, there occurs an enormous
thickness of Cretaceous deposit which is estimated by Polevoi at 4690 m. [87d].
The middle part of this- series which.maj' yet prove to be of uppermost Albian
age consists of sandstones and sandy clays’ and contains Helioceras venustum.
Stoliczhaia disper, Lytoceras timotheanum showing an affinity with the fauna of
the Utater Gioup of India.  The allegad presence of Cenomanian in the lower
Yenissei based on isolated occurrence of M. scrobacia coronula cannot yet be con:
sidered as an established fact. Into these depressions or actively subsiding
areas we may expect marine invasion at any time. Such local invasions which
may well have been caused through the depression of the land surface cannot be
taken as an argumient against the general expansion of the Cenomanian water in
the south: for the latter is by far the more sweeping and widespread.

{¢) Senonian Cycle

During the Senonian time, the open water in the Noithern Hemisphere
seems to have maintained the general tendency of advanting southward, as for
example, indicated by the gradual rise of the Nubian sandstone to a  higher
horizon towards southern Egypt, the coutinued submergence of the Guif of
Mexico area and the persistent southward shrinking of the Coloradoan Sea. In

spite of thic general tendency, it is possible to recognize a temporal northerly
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retreat of the open water in lower Senonian time, which is sufficiently general as
to mark the beginning of an mdepeudent thbugh svbordinate, cycle of
oscillation. -

_This Léwer Senonian retreat is apparently of a more decisive character

than the Albian retreat; for considerable areas in the Arctic were inundated in-
the Santonian and Campanian times. Thus, od the River Sosva, below the

Manya (between the latitudes 60° and 65° N.), there occurs a glauconitic shale
with Baculites and Scaphites [40]. On the River Ayat, a left tributary to the

Tobol, Kransnopolski has found, at 53° N. (30 to 55 k. below Nikolaevski), a
fauna of Santonian and Campanian age L49] consisting of Belemnitelln lanceolata,

Exogyra decusiala, E. auricularis, Ostrea vesicularis etc. In the southern

Ural, the Belemnitella lanceolata bearing formation horlzonta]lv overlies eroded

older rocks.

In eastern Siberia, marine Sencnian, and probably for the most part
Lower Senonian, occurs in the Tingenei Mountain, on the northern coast of the
Ochotsk Sea [119] and on'the Tigil River in Kamtchaka. In Sachalin, the
stratigraphical relation is quite clear and striking. ‘According to Kryshtofovitch
[65], the Cretaceous formation of the Sachalin Island can be generally classified
into three series. The Lower.or the Aino Series is of continental ongm, and
bears plant fossils, correlatable with the Kome Series of Greenland, and is there-
fore to be.referred to the Upper Neocomian. The Middle or the Gilyak Series
is a coal-bearing formation yielding Cenomanian and lower Turoniin plants, and
is regarded as an equivalent of the Athanee Series of Greenland. The Upper or
the Oratschon Series comsists of light grey and green, glauconitic, calcareous
sandstone with marls and concretioris. A rich fauna consisting of Phylloceras
velledae, Pachydisous peramplus, Gaudriceras sacua, Telragonites timotheanus,
Puzosia planulata, Inoceramus elegans, I. orientalis, I. lobiatus, Helcion gigaﬂims
etc., occurs in the upper part of the series. Below and above this fraunal zone,
there occurs a flora which, according to Kryshtefovitch, is comparable with that
of the Patut Series of Greenland, The age is then essentially Lower Senonian
and perhaps partly Upper Turonian. The fauna is a strange mixture of southern
emigrants and Arctic forms. The ammonites constitute the very same fauna of
that of the False Bay Formation of Zululand, S. Africa, and that of the Utatur-
Group of Peninsular India.. Inoceramus lobiafus is a'form widely distributed
in the Colorado formation of North America, and abounds in the upper part of
the Utatur Group. The whole fauna would seem rather to suggest a Turonian
Age. Sokolow [111] who examined the fauna, refers, however, the ammonites
to the Emscher and the Inoceramuses to the three horizons, particularly the.



102 Bullctin of the Geological Society of China Vol, VII.

uppermost one, of the Campanian. This series is covered by a corglomerate
which probably belongs to the Laramie or early Tertiary.

From our point of view, it is however a matter of no great consequence
whether this deposit in a geosyncline on the continental border be of Turonian
or Lower Senonian age. The most reliable indication of an early Senonian
invasion in the north is rather to be found in the flood on the eastern side of the
Ural, making a fairly large inland sea that divided the Eurasian continent in
the way as the Colorédoan Sea did to the North American continent at approx-
imately the same time. . :

"If we turn to southern regions of the Northerm Hemisphere, we find the
condition more or less reversed. The Lower Semonian is sometimes absent or
poorly developed, while the upper Senomian generaily effects a transgressioﬂ of
a most sweeping and decisive .natu:re,. : :

A number of instances will suffice to establish the case. In <outhern
Spain, the Maestrichtian and Danian are both well developed while the presence
of the lower stages of the Senonian is highly problematic [52h]. On the southern
border of the Rhgne Basin, to the south of Languedoc, the Danian directly
overlies the Neocomian; and in Basse-Provence, the successive stages of the
Lower Senonian with a basal layer of laterite overlaps northward. In Savoy,
the Santonian and Campariian are often missing, and only poorly developed. to
the south of Dévoluy, whereas the Maestrichtian is decidedly transgressive.

Tunisia and Algeria apparently remained to be 2 part of 2 Basin in.
which sedimenitation proceeded uninterruptedly since early Cretaceous time.
To the south of the Saharan Atlas, the Senonian formation is often denuded
away. It is therefore difficult to make -out the stratigraphical.relation between
its successive stages. Cretaceous formation is reported to occur extensively in
western Africa [73]. From the fossile obtained from the Adar-dutchi and other
districts, Sudan, it appears that at least a part of that formation represents a |
maripe invasion in the Maestrichtian or Danian time. In Egypt, Syria,
Palestine and souttreastern Arabia, the Maestrichtian or Danian is generally
represented by a marine fossiliferous deposit, and shows 2 marked tendency, in
Egypt, to transgress southward [84]. The Santonian and Companian are either
absent, or partly or avholly represented by continental deposit.

In the eastern Alps, che various shallow, brackish or fresh water {acies
of the Lower Senonian are known under the names of Vienna Sandstone, Gosan
Series etc. They are generally overfain by the Maestrichtian with a marine
fauna. The varied pature and peculiar distribution of the Gosau and its

s
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equivalent in the eastern Alpine region together with the fact that they olten
rest on much older rocks, e. g. Trias or Jurassic, prove that they were not
formed in & quietly advancing or receding water, but deposited in a regionm
where some tectonic disturbance had taken place. Stratgraphical data obtained
from such highly disturbed areas can afford no evidence for the general displace-
ment of sea-level. -

Further east, in Balkan [126] ,IDobrogea, Carpathian [I0o0,83] Crimea
[z7], Caucasus [1], Transcaspian (Manguychlak) [118], southern Persia [éB],_ :
Baluchistan [86], the Lower Senonian is in general either partly or entirely
missing, whereas the Cenoman-Turonian and the Maestrichtian are both weli-
developed. The latter often effects even a more sweeping transgression than the
former. .

" In the Salt Range, nothing is definitely known of the development of
the Lower " Senonian. It is probably absent. The’ Haqstrichtian attains,
however; a fairly extensive development on the Ti]:fetan ‘border; and .in Sind it
is” represented by the Hippurite Limestone. In Peninsular India, Lower
Senonian is represented by the Trichinopoly Series, and.the Upper Senonian by
the Ariyalur and Niniyur Stages [131]. The former is only developed in the
Trichinopoly area where it overlies the Utatur Group; but the latter atiains a
greater extension, being present in the Trichinopoly as -well as the Pondicherri
areas [63]. In this last-named district, apparently it rests on mucl_:.oldei'
rocks. - '

The Maestrichtian transgression in the Eastern Hemisphere is probably
equivalent to the Pierre or Bearpaw or the Ripley expansion of the Coloradoan
and the Mexican waters. Large areas in Central Me‘idc;o, in the Great Antills
and along the Gulf-border and the Atlantic Coast of the United States- were
then under marine water which was in free communication with the.Coloradoan
Sea [r13d, 114¢].

The whole history ‘of oceanic oscillation in the'Northern Hemisphere
during the Cretaceous time may be briefly summarized as follows:

With the opening of the Neocomian epoch, there was a decisive dis-
placement of marine water to the north, followed by a miqor movement to the
south, which ended in the Urgonian transgression; then came a minor movement
to the north during the Albian time. The next sweeping movement to the south;
namely the Cenomanian transgression, which really lasted till, at all events,
early Turonian, was followed by the temporary Lower Senonian retreat to the
north. Finally there occurred the Upper Senonian tr'ans-gression towards the
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south, which drowned even areas that remained land during the Cenomanian
transgression,

Now from the extensive discussion of H. Stille we understand that
there were two episodes of earth-movement during the Cretaceous. The first is
the Austrian Movement which Stille places at the end of or partly in the Albian
time. But from the fact that local rearrangement of land and water had
already begun in Jate Aptain time, it would seem more appropriate to place this
movement either within or just before the Albian time. In England (Dorset
and Wiltshire} there is evidence to show that the Gault was laid upon geatly
folded and slightly eroded Lower Greensand. This would determine the Austri-
an Movement as pre-Albian. The second is the Subhercynian Movement which
occurred between the Turonian and the Senonian. Besides these two movements
there are of course the Young-Kimmerian Movement with which opened the

Cretaceous Period, and the Laramide Movement with which this period was
closed.

It is therefore evident that the correlation of these events entirely con-
forms with the general rule that each episode of wide-spread tectonic mo‘v_ement
is preceded by a southward, and followed by a northward movement of the -
open water.

_D. PALEOGENE.

On approaching the mid-Tertiary movements, crustal strain becagié
ever more intense. Continental blocks were, as a whole, raised high throdgh
continued compression; and minor disturbances consecutively broke out over
large and small areas without being Testricted to a definite epoch. So incessant
and .wide-spread were thesr regional movements that the temporal relation
between the transgressions and the tectonic movements during the Palzogene
Period is no longer so clear as in the Jurassic and the Cretaceous. Nevertheless,
two stages—the Lutetian and the Tongrian—of broad expansion of the epicon-
tinental waters in the middle and low latitudes are definitely recognizable. The

former foreshadowed the Pyrenees Movement and the latter the great Alpine-
Himalayan Revolution.

{a) Lutetian Cycle.

The notion of a geblogical cycle as developed in the present paper
embodies a sweeping movement of the oceanic water first away from, and
then toward, the equator, or more briefly a single oscillation’of the form of the
oceanic surtace. The terms, Paleocene and Eocene in thejr accepted senses do
not, taken individually, seem to conform with such a notion, There may have
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been minor oscillations within each of these periods; but the first major one was
not completed until the Lutetian advance,

We have already seen that after the Maestrichtian transgression in the

low latitudes, there occurred the Laramide Movement. If the general rule
governing marine transgression holds in this particular case, we ought to find

evidence somewhere in the northern region for the expansion of Arctic ‘water
during or at least in the early part of the Palmocene time. Such evidence is
available, though not absolutely conclusive.

According to Wyssozky [50] and Obrutschew, the early Tertiary forma-
* tion i5 represented in western Siberia by a rather coarse grained, grey-green
sandstone, containing nodules of glauconite, a fauna of Pholadomya, Cyprina,
Ostrea and teéth of Lamna. This formation has been assigned to the Eocene;
but none of these organic forms assures that age, mor are we able, on the
stmng'th of this meagre fanna, to exclude the possibility of its being a Palgocene
representative. On the contrary, it is reported that this very formation some-
times (as in the valley of the Ayat, 2 tributary to the upper Tobol) grades down,
without any break, into sandy clay with an Upper Cretaceous favna. In the
absence of decisive evxdence we cannot then positively deny the presence of
marine Pa]saocene in western Siberia.

In the “Turgai-Strait” and to. the south of the Kirghiz Steppe, glau-
conitic sands and sandstones of Palmacene age are reported to oceur [ 101, 667].
These are overlain by a fairly "thick sens of marine sandstones and clays of
Eocene age [x02]. '

- Based on these data and other isolated outcrops of early Tertiary de-
posits along the Tobol, the Ob, the Irtysch Valley and near Semipalatinsk
Obrutschew {87e] draws the conclusion that in the early Tertiary times there
existed two seas that covered the northern and southern areas of western Siberia,
being connected, on the west, by a longitudinal, broad water way—the “Turgai
Strait". The Northern Sea is further divided by a strip of land which stretches
in between latitudes 54° and'60° N., and runs in a E.S. E. direction until it
joins Kusnezki Alatau and Salair. Thus we are emabled to see the probable
extent of marine water that covered northern Asia in early Tertiary times.

Of the early Tertiary geography of N. E. Siberia and Arctic North
America, very little is as yet known. In all probability, the whole of these
areas were raised to such an altitude through the Laramlde upliit as to forbid
the invasion of marine water.

As to north-western Europe, the circumstances are far more favourable
for our investigation. For there existed the Anglo-Franco-Belgian basin on, the
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one hand and the Russo-Baltic depression on the other. The [lormer inclu-dcd
the Netherland area and the German coastal districts. The latter extended {from
the eastern border of the Anglo-Franco-Belgian basin eastward across the Russo-
Baltic Plains to the northern border of the Turgai depression on the north. In
the lower Palmocene time, only restricted areas in these depressions retained some
marine water; and-only in those restricted areas such as Mons, Belgium, do we find
deposits in engulfed water. These form the peculiar **Ciply Tufa'" and the strafa of
the Montian Stage. It has been emphatically pointed out by A. W. Grabau
{46] that the Montian formation of the Franco-Belgian area changés its character
upward from marine to fresh water deposits. And at certian localities its
surface presents markings of a pre-Thanetian erosiom. Then there followed
a more sweeping transgression in the middle Paleocene time. This resulted in
the complete flooding of the London-Parisian Basin and the Russo-Baltic
Bay. With this invasion there arrived the Cyprine-launa which is undoubtedly
of boreal origin. The Palwocene deposits found in Cape Dalton, Greenland,
were probably formed during this period of flood [108].

These facts furnish us strong evidence for a continued regression
of marine water towards the north during the lower and middie Palmocene
times. To appreciate the evidential value of these facts, it must be rememhered
that the Anglo-Franco-Belgian Basin together with the Russo-Baltic Bay
was only connected with the open water on the north in those times. Con-
sequently, during the early stage of the retreatal movement-of marine water
toward ‘the north the water in the embayment {which is situated between 50°
to 60° N.) would be temporarily drained away. Further movement of the open
water towards the north necessarily resulted in the expansion of the boreal
sea which then flooded the embayment. This gave rise to the Thanetian trans-
gression.

As to the southern basins, the conditions are more or less reverrad,
Along the northern zone of the Pyrenees, and the southern border of the
Aturian Basin (Biarritz), the Palmocene is wholly wanting, and the upper
Lutetian with Punmulifes levigatus, N. biarrilzensis, N. aturicus, Orthophrag-
mina slella, etc. and a basal conglomerate, rests at once upon tne Chalk.
The whole series ranging from upper Lutetian up to Rupelian is esti-
mated at 1500 m. in thickness, of which the most part is of marine origin
[29]. Tracing eastward to the east of Bayonne, marine Lower ILutetian,
with Alveolina elongata, Nummulina muvchisoni, Orthobhragming archiacs,
etc. is developed underneath the Upper Lutétian, but the Palmocene is still
unrepresented. In the Saint Sever district [58], only the uppermost stage of
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the Palmocene is represented By a sandy and galuconitic limestone with
Nummulites planulatus followed upward by limestones of Lutetian age. In the

region of Pau and High Py’fgiiéé's, marine Lutetian is discordantly underlain by
the Upper Cretaceous,'al:i'(i' ““concordantly” overlain by the **Poudingue de
Palassou'’ which latter e_!.ttain's a powerful dévelopm'ent in Haute-Garonne and
Little Pyrenees [723, and affords unmistakable evidence for a post-Lutetian
movement. - -

Throughout the Sub-Pyreneean Geosynline, only in that limited arca
which extends over Haute-Garonne, Foix, Corbitres, Aude and up to the Her-
ault dirtrict, Paleocene formation is here and there developed. And in most
cases, the deposits are of brackish water, lacustrine or even partly continental
origin. The overlying Lutetian is however generally marine.

In the Southern zone of the Pyrenees, for instance, in the provinces
of Huesca and Lerida, the Lutetian is sometimes represented bv marls and
sometimes by Limestones, but the Palmocene is unknown, and in all probability,
entirely wanting [r8]. '

Palmocene is again absent from the western and northern part of the
Alpine Geosynciine. . Tn these areas it is often the higher terms of the Eocere,
the Auversian and Priabonian, that overlie the older formations. The Lutetian
with Nummnulites millecaput, sometimes appears in the axial zone of the
geosyncline, such as in the axial zone of the Delphino-Provincial Al ps the inner
zone ot the Savoy Alps, the eastern paft of the antochitonous zone of Swiss Alps,
and parts of the Helvetic and the Prealpine sheets where it is known as **Wild-
flysch” [10]. Although the stratigraphical relation between the Lutetian and the
older formations is often rendered obscure by repeated over-thrusts, these are in-
stances which clearly demonstrate, as in the Maritime Alps and Savoy, the trans-
gression of the Lutetian upon the Cretaceous, Jurassic and even Trias. Further
east, the Lutetian with a rich fauna of Foraminifera, echinoids, and molluscs
is developed in the external border of the so-called Flvsch Zone, and extends to
as far asthe west of Salzburg [41].

In eastern Alps, the highest stage of the Palmocene is occasionally
represented by a relatively thin marine formation, e. g. in Carinthiz Trentin
and Vicentin [52]. In the last named locality the Londinian is represented by
the "“Spilecco Series’’ resting at once upon the Maestrichtian Scaglia. These dev-
elopments are of restricted distribution, and are generally overlapped by the
Lutetian. Further evidence of the Lutetian transgression is found in Istria,
Dalmatia [120], Albania, southern Tyral, eastern Bosnia, western Serhia<[88],
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northern and central Apennine, Calabria, Sicily [19], Syria, Transcaucasia
{36], Asid Minor { rz1] and Persia [12].

In the Subbeskide and Beskide Zones of the oufer Carpathian, Pale-
ocene strata are unknown, but the Eocene with Orthophragmina. Lithotha-
minium and Nummuliles attains a considerable development [1283. A part of
this ‘Eocene formation probably belongs to the Lutetian as is suggested by the
oceurrence of Nummulites aturicus in the Moldavia district. In Eastern Balkan

_and Crimea, marine Lutetian with a characteristic fauna rests at once upon the
Cretaceous, the Palmocene being absent.

In Central Hungary and Transylvania, the Palmocene is sometimes
represented by fluvio-lacustrine, continental, and rarely fluvio-marine deposits.
The Lutetian is however generally marine, and often shows signs of incipient
transgression {30].

L]

In Egypt, the Paleocene is represented by the Libyan Series which

concordantly overlies the upper Cretaceous. This series yields, in its lower
part (marls and limestones about 200 m. thick), numerous Foramini-

fera such as Opsrcuh'na-liﬁyca, Assilina minima, Nummuliles deserti elc.,
and in its upper part, again a foraminiferal fauna showing Lutetian alfinity.
Among them there are Fabularia zitleli, Alveolina oblonga,Orbitolitss complanatus,
Nummuliles biarritzensis. . Overlying the Libyan is the Mogattam Series,
the lower part of whicl definitely proves, with a fauna of Nummulites
gizehensis, Conoclypeus corroideus and Velates schmsedelienus, to be of Lutetian
. age [8,89]. .

In the .Atlas region, the Pal®ocene is sometimes missing and the
Lutetian transgresses upon the older rocks (zone of the Tell and the axial zone
of the Atlas); and sometimes the Palieocene concordantly overlies the upper
Cretaceous, the Lutetian being either partially or wholly denuded away
(northern zone of the High Plateaux and the Saharan Atlas) [57]. In the latter
case, there occurs, as a rule, a phosphatic bed, the Gafsa Bed, and its
equivalents representing the Middle Palmocene. This deposit, as shown by
Grabau [47]. indicates a period of emergence which corresponds, in point of
time, to tlie Thanetian transgression in the north.

Marine Lufetian appears to occupy fairly extensive areas in Somali-
land [85], ex-German East Africa [x22] and Madagascar [3x].. In these arcas
no marine Palmocene is yet known, and probably does not occur.

The Palwocene is represented in western India by the Ranikot Series
of the Sind district. The lower part of this formation consists of sand-
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stones and clays of fluviatile origin, and has a thickness of 300-450 m.
The upper part of the same series consists of marine limestones interca-
lated' with sandstones and shales, and attains a thickness of 2ro-240 m.
The uppermost part of this series has yielded Opercuhm. Assilina . micel-
la and Nummulites p!aﬂulatus These indicate the presence of Londinian
'I;I32] The Ranikot Series is overlam by the Taki and Khirthar- Series :.
which contain typical Lutetian forms;. namely Nummuliles alacicus; N.
srregularies, Assilina granulosa, Operculina orbs!osdcs, Alveoling, in the Laki -
Series, and N. Levigatus, N. aluricus, N. gtzchcnsss, N. mdlacapfd Asseling
exponens in the Khirthar Series. These strata attam a much wider distribution
than does the underlymg Ranikot, They extend, for instance, into the interior
of Baluchistan, the vicinity of Lhasa and to ‘the south-of the Plain of the Indus
where the Ranikot is absent. Further south, Lutetian appears to occur in the
Cutch, Gujarat, Travancore districts on the western side of the peninsula
[x34].

The presence of Nummuliles biarritzensis in south eastern Borneo.{32]
and Assilina spira in Java [133] points to the free communication between the
Mediterranean Basin and the Indo-Pacific water in early Eocene  time.: Con-
sequently it affords corroborating evidence for a general expansion of the -
southern waters in the Lutetian time. -

In north Amierica, marine” Palmogene forma.tlons are largely restricted
to the Gulf of Mexico region and along the coastal range of California. The
Palmocene formation is only slightly developed in these regions, Tt is probably
represented by the Martinez Formation of central California and the Midwayan
.of the Gulf region. The Lutetian with the characteristic species Venericardia
planicosta not only attains a much wider distribution in California and the Gulf
region [33], but is present in Maryland [20] southern Carolina [21] and Mexico.

Thus we see that in the southern regions of the Northern Hemisphere,
the Palwgocene is often represented by a break. When the Palmocene
strata are developed at all, they were éither formed in isolated basins
that existed as relics of the Cretaceous sea, or formed actually in
retreating water. Whereas in the Lutetian the evidence for a- general
expansion of the epicontinental sea is everywhere manifest. This univer-
sal flood in the south may have started already in late Londinian
time; for in a number of areas the Lutetian concordantly follows the late
Palmocene deposit of marine origin. It is true that at about the same’time
the Anglo-Parisian Basin and the Turgai Geosyncline—both of which ought to
be regarded as southern extensions of the northern sea—also showed some
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tendency of submergence, but eleswhere in the north no signs ol a gencral
Lutetian advance are to be [ound. They are therefore to be more properly
attributcd to the subsidence of the geosyncline as a result of tectonic evolution
than to a gencral elevation of sca-level in the north. Morcover ‘the expansion
of water in these southern extensions of the northern sea appears to be
restricted to their southern part, that is, to the south-western margin in the
case. of the _Anglo--Parisian Blasin, and to the Daiepr and Donetz zreas in the
case of the Turgai Geosyncline. Still miore significant is the fact that in the
Anglo-Parisian Basin the transgression did not reach its climax until the middle
or upper Lutetian times (this is also the case in the Aquitanian Basin}, and
in the Targai Geosyncline the transgression continued throughout the Auversian
and Priabonian epochs when the “post-Lutetian™ or Pyrences movement
had becn already well under its way.

(b) Tongrian Cycle,

Following the Pyrences Movement, the southern waters began to re-
treat. That they retreated northward is best shown in Egypt by the pro-
gressive shifting of the higher stages of the Eocene towards the north, and by
the expansion of the Middle and Upper Eocenc water in the Turgai Geosyncline.
In the Atlas region the higher stages of the Eocene as well as the Tongrian
are either partly or completely wanting, or the higher Eocene is represented by
a hiatus, while the Tohgrian is transgressive [52j].

Throughout the northern - Mediterranian region, the invasion of the
Tongrian water is a fairly universal phenomenon, though perhaps it has
hardly reached the same extent as the Lutetian Sea. In the Sub-Pyrences
Basin marine Lower ana Middle Oligocene with Nummuliles (V. tnlermedius-
fichleli) and Operculina (0. ammonea, Q. complaniaia) succeeds a thick series of
Eocene. Tn the famous Biarritz district which is probably situated in the cen-
tral part of the Basin, there is hardly any sign to show the transgression of the
Oligocene water: but if we trace to the districts of Gass [13], and Gamarde, the
Priabonian disappears, the Rupelian or Middle Oligecene rests directiy upon the
Auversian,

All along the outer zone of the Alpine Geosyncline, evidence for a
Tongrian transgression is found in the Barreme district (Basse-Alps) [11] on
the external border of the Bauge massif (Savoy) [34]. in the tract between
Gemmi and the Surenen Pass (Swiss Alps) [10], and in Bavaria wlere it is known
as the Lower Marine Mollasso.
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In the eastern Alpine and the Apennine regions evidence for a Ton-
grian transgression is Jikewise manifest. Thus in the Provinces ol Vérone and
Vicence the Lattorlian, or lower QOligocene overlies, with a basal conglomerate,
thie Priabonian [go]. Near the hills of Turin in ngulla [zo3], the Oligocene
is characterized by a mixed fauna of Nummulites. and Lepidocycling.  The
prescnce of these forms in one and the same locality clearly 1nd1cates the con-
fluence of the Pacific and the Mediterranean waters. To the west of the Scrivia
Valley this Oligocene formation directly overlies the Permian. As faras the

Oligocene is ‘concerned, similar strat:graphlca.l relatlon holds in-southern Italy
and Sicily.

Turning now to the northern border of the Dinarides, we find in Styria,
Carinthia and other localities the Lattorfian transgressing.upon the older rocks,
the Eocene being absent [127].  Further east, the Tongrian is represented in
northern Carpathian (Pausram) by a marine formation of argillaceous character,
and in the outer zone of southern Carpathian by a conglomerate with small Num-.
mulites representing, in all probab:hty, incipient transgressmn In the Balkans
{near Burgas) and Crimea (Alma Vailley), the presence of marine Oligocene has

been demonstrated, though its stratigraphical position js not yet definitely
known

The areas so far referred to, belong to the Mediterranean Basin or
its extension. There existed at the same time a second, basin in Europe which
runs more or less parallel to the Medlterra.nean Basin, but almost completely
separated from it by a narrow strip of land. This second basin was likewise
flooded by the Toﬁgrian water covering Belgium, northern Germany, Central
Hungary and finally joining the Turgai Geosyncline in its southern end. The
fauna inhabiting this sea is eminently of the northern type and largely
. of shallow water habits. Since we cannot readily attribute this body of water
either to the north or to the south, and since this depression is of “‘posthume™
nature as pointed out by Haug, the presence of this sea across Middle Europe
does not then alfect our argument, unless the predominant influence of the
northern fauna that flourished in this body of water is taken to be indicative of
the inundation of the boreal water.

Marine Oligocene is only of restricted occurrence in Asia. The Nari
Series [134] of the Nari Valley in western India‘was undoubtedly formed in an
arm of the Indian Ocean, and overlaps the older formations. The fact that
Lepidocynclina occurs in this series shows that free communication with the
Pacific must have been maintained through the Malay Archipelago. The
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occurrence of Middle and Upper Oligocene in Borneo shggests the probable path
of communication [32].

On the other side of the globe, marine Oligocene with Lepidocyclina
attains a fau-ly extensive d:stnbut:on in the Guif area. "It is known, for
mstance in Alabama and Florida under the name “of V‘cksburpan Series
[21’] In the Great Antl.lles, ‘too, the same formation with chsdacyclma
_mantelh assumes an jmportant development., There séems little .doubt
that a genera.l elevation, in the Oligocene time, "of sea-level ,took Place
"along - the southem border of the North American Continent and in the
Gulf of Mexlro area at large. This -led to the submergence of some of the
_detached lazd-masses in the Gulf reglon

Lookmg now far into the north, we find only two ad]acent ireas in the
northern part of the Eurasian Conhnent that were affected by the Tongrian
cycle of sedimentation. The one is located in the northern part. of western
‘Siberia, and stretches along the eastern foot of the Ural and the northern border
of the Kirghitz Steppe The other is known as the Turgai Stralt" which is
situated to the east of the southern Ural with afme’ndlonal trend, and joins the

- “'Soathern’ Sea” which spreads {rom the northerr.r border of the present Aral Sea -
eastward to the soutl: of the “Islands of the,KlrghItz Steppe"".

In the norther area of western Siberia, the lowest Pale@ogene formation
so far reported consists of a coarse, greenish-grey sandstone with Cypring,
Ostrea and teeth of Lamna. This formation, as has been already suggested, may
belong to the Palwocene or Lower Eocepe. Overlymg this formation is a
sandstone with siliceous earth yielding impressions of Area and Modsola
and remains of Bolroclorium spasskn It fills up the valley and covers the
top of the low heights in the Ku—glutz Steppe, and transg-resses upon the eroded
surface of the Mesozoic and cyrstalline rocks in the flank of. the Ural Mountains
[78e]. This formation undoubtedly represents the time of maximum tiansgress-
ion during the Palmogene Period. Certainly it does not’ belong to the. Ohgncene,
nor is it likely to be a Lutetian representative. Its logical pesition is then
Middle or Upper Eocene. The latter is more ‘probably the case if it merges into
the overlying Oligocene. We have therefore some evidence for the éxpansion of
the northern sea during the time when the southern seas retreated.

The Oligocene as developed in the same area, consists of clays with
much gypsum and banks of ferruginous sandstone which latter yields an
unmistakable Oligocene fauna including scales of Meleffa. That the whole of
this formation was deposited in a retreating water is shown by the abundant
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inclusion of gypsum and b_v its actual recession at higher horizons {rom the.
flank of the Ural. This merges upward into variegated clays and sandstones
with coal smuts.and plant remains showing the final disappearance of marme
water.

Here again we have positive evidence for a regression of marine water
during the time when the angnan transgression took place in the -south.

In the Turgai Stmlt and in the the socalled Southern Sea of western
Siberia, the stratigraphical relation is not quite so clear as in the northern area,
There, both the Eocene and the Oligncene (Lattorfian) appear to have been
developed. . They are both marine, but the occurrence of gypsum in the coarse
Oligocene sandstone and clay would seem to.suggest, as in the northem area
the contraction of marine water during that time.

In spite of the regional tectonic disturbance that must have been in
progress over the more mobile continental areas on approachmg the main phase
of the Alpine Revolution, the stratigraphical evidence.is, as a whole, favourable
for the interpretation that in the course of the later-Eocene times there ocetirred.
temporarily a general retreat of marine water towards the north as the resulz of
the Pyrenees Movement; then followed a southward transgression—the Tongrian
invasion—which foreshadowed the arrival of the grandiose Alpine uplift.

E. QUATERNARY MARINE INVASION FROM THE ARCTIC.

From the later part of the Oligocene and throughout the Miocene and
Pliocene times, all the continental blocks were thrown imto such a state
‘of tectonic disturbance that the movement of the sea water in and out
of the various subsiding or up-rising areas is no longer fit for the discussion
from our point of view. The fact that demands special notice is the extensive
invasion of the Arctic water over northern Slbena directly following the cessa-
tion of the great upheaval.,

From the Ob Bay eastward to the mouth of the Chatanga, all along the
Arctic coast, the invading water made its way land-ward to a greater or lesser
extent. Along the Valley of the Yenissei it reached as far south as the latitude
of 67° N., and in the valley of the Vilui, to the latitude of 62° N. In the New
Siberia Islands, along the coasts of the Bering Strait, the Ochotsk Sea, the
Ussuri Area and in the Sachatin Istand, Quaternary deposits with tvpical
boreal fauna such as Astarte, Yoldia, Fusus, Mya, Tellina etc., are scattéred
everywhere. The largest area affected is however situated in the north-western
part of Siberia. The thickness of the deposit which usually consists of clays
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and clayey sands, sometimes reaches two or three scores of feet and sometimes

thinner.. Obviously, parts of the original sediment have been completely
eroded.

Two different stages of transgression have been recogﬁized. The first
took place at the beginning of the quaternary, and affected the Yenissei and
the Vilui Valleys. The -sec_ond occurred in the post-glacial time or some
interglacial period. It has affected the Taimyr Country, the New Siberia
Islands, and the Anadyr Basin. This second stage of transgression reaches a
much smaller extent than does the early Quaternary one, and may. theretore be
merely due to the melting of the ice sheets as the result.of the prevalence of a
less severe climate [ 87f]. .

Another-Arctic invasion on an extensive scale during the Quaternary
times is found in the Baltic Basin and its adjoinning areas. This sheet of
marine water, known as the *“Yoldia Sea”, was connected with the White Sea in
the north and spread over large parts of Finno-Scandinavia on the south. It is
quite probable that the .invading water into this area had, to some extent,
taken advantage of the slow, isostatic adjustment on the part of the land-mass,
but it appears to be equally probable that this was not the only cause for such
an extensive marine transgression. The latter argument is all the more con-
vincing when it is remembered that northern Siberia had already been under an
extensive sheet of marine water before the culmination of the Ice Age.

In the southern regi_ons; the laud surface had eésentially assumed its
present form. Oanly small areas on the i:nargin of the present Mediterranean
were invaded by marine water. The Aralo-Caspian Sea perhaps spread toa
considerable extent. But it was not so extensive as in the Neogene Period; and
was 1o longer in communication with the Black Sea.

We may therefore conclude that during the Quaternary Period the Open
water was to an appreciable extent displaced to the north suggesting that the
oceanic figure was less oblate than in the time when the Alpire-Himalayan -and
other associated movements were about to break out.

III. Swmmary

The chronological relation. between the dominant phases of narine
transgression in thie Northern Hemisphere and the important tectonic movements
during post-Pal®ozoic times may now be summarized in a tabular form as
follows:— '
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{Note—Those tectonic terms that arc marked with an asterisk (*) are duae to H. Stille. Their
structural significance is fully discussed by the same author in his ‘Grondiragen der
Vergleichender Tektonik. ')

Characteristic facies of transgressive

Important tectonic

E product. movements or their
pochs ) .
representative
North South phases.
Late  Palmozolc
and Pre - Triassic
. Movement
Shales, sand-
stones and con-
: glomerates in N. E.
Scythian Siberia with marine
fauna;? Thaynes
Limestone in N.
America.
Muschelkalk,
Wettersteinkalk
. and Ramsau Do-
Virglorian- lomite in 8. E. Eu-
Lidinian rope; Muschelkalk
in Carpathian, Cri-
mea and S. W,
China
Shales and Lime- Mid-Triaisic Move-
stones in N, E. ment?
Carnian Siberia; Chitistone
Formation in Ala-
ska. )
Limestones and
delomites in Al o1
. pine - Himalayan d Kimmerian
Norian Geosynclines }a;.nd ‘Movement*
their adjoining
areas,
; Marine sediment:
ﬂl:sd]e between Chatanga
and Lena
Rosso Ammoni-
tico " Limestone in
5. Europe and N.
Africa;  Kioto
Limestoné (Tagling
Aalenian Stage) in Himala-

yan Geosyncline:
Hardgrave Sandi-
stone in N. Cal-
fornia and marine
clay slates in Gulf
Region

Post Liassic
Movement
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Epoch

Characteristic facies of transgressive
product.

North

South

Important tectonic
movements or their
representative
phases,

Callovian-
Oxfordian

Chiefly marine
clays and shales
occupying large
greas in the Arctic

and Greenland;
upper Enochkin
and Naknek Form-
-ations . in Alaska;
Fernie shale in Bri-

Twin-Creek Form-
tion in Wyoming

"Reeion of Eurasia’

tish Columbia; |

Limestones In
S. E. Eurtpe and’
S. W. Asia. (trans-
gressive?)

Post-Liassic Move-
ment.

Argovian,
Kimmeridgian

E ~ Kimmeridgian-

sandy c¢lay in N.
Ural and King Wil-
- helm land,
(transgressive?)

Argovian Lime-
Stone and Aptych-
us Formation in
Mediterranean re-
gion and Eastern
Alps; . marine Kim-
meridgian in Wes.-
tern Alps, 5. W.
Asia and Mexico;
TendaguruSeries in’
E. Africa; Katrol

‘| and? Tal Series in

India.

Lower
Portlandian
{Bononian)

Volgian in the
Arctic.

Young Kim-
merian* Movement,
{1st phase),

Upper
Portlandian
(Aquilonian)

Volgian in the

-Volga valley..

Tithonian in the
Alpine Geosyn-
cline;? Spiti Shale
in the Himalayan

1 Geosyncline; mar-
ine Portlandian in |

western Cuba, Mex-
ico and Texas.

Berrias-
Valanginian

Marine sands
and clays in ‘the

Eurasia and Green-
land; Anaktuvuk
Series in Alaska;
Knoxville in N.

America.

Arctic regions of |.

"Young Kim-
merian® Movement,
“(2nd phase),
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Epoch -

- Characteristic facies of transgressive
product.

o

Important tectgnic
movements or their

North

South -

representative
phases.

Barremian-
Hptian

Urgonian Lime-
stone in the Medi-
terranean Region;
Parh Limestone in
Baluchistan; Fred-
ericksburg in the
Mexican Gulf Reg-
ion.

Albian

Gault in Eng-
land; marine depo.
sit in northern part
of the Russian plat-
form and (?} An-
adyr Basin; Blair-
more in N. Amer-
ica.

‘sive

. Local transgres-
product in
Oran, Western Por-
tugal and Savoy.

" Austrian Move-
ment.*

€enoman-
Turonian

Marine deposit in
middle Greenland.
( transgressive? )

Marine sediments
occupying large
areas in N, and W,
Africa,W. Alps, E.

‘Europe, S. W. Asia,

S. Persia; Lower

Utatur Group im |

Peninsulir India,

-and the Upper Da-

kotan Group in N.
America. :

Lower
Senonian

Glauconitid shale
and sandstones in N.

and N. E. Siberia.|

Subhercynian*
Movement.

Mmstrichtian-
Danian

Marine .deposits
in Alpine Geosync-
line N. Africa,
Egypt, S. E. Eu-
rope, 5. W. Asia, .
Persia Baluchistan;
Hippurites f and
Chikkim  Limes-

_tones in N. India;

Ariyalur and Nin-
inyar  Series in
Peninsular India;
Pierre or Ripley in
N. America.

‘Laramide
Movement.
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Characteristic [acies of transgressive Important tectonic
product. movements or their
Epoch .
representative
North South phases.
Glauc$1itic sands Laramide
in N. W.- Siberia; Movement
Paleocene Thanetian in Rus-
so-Baltic Bay, =
Marine sediment
in Alpine Geosyn
¢cline, S. E, Europe,
Asia-Minor, Persia; |
Lutetian Moqattam Series in |
Egypt; Lakiin N.
India and Baluchi-
"stan; Venericardia
‘Formation in N.
America, Pyrenees
Marine sandstone Movement,
Auversian- to the east of N.
Priabonian Ural and Kirghitz
Steppe.
Marine sediment
in parts of Mediter-
ranean Basin, N.
Carpathian; Nari
Tongrian Series 1in India;
: Lepidocyclina For- |
mation or Vicks-
burgian Series in
the region of Gulf
of Mexico,
Mid and Late
TertiaryMovements.
Clay and Clayey
Early ;'.an_ds covering
arge areas in
Quaternary N. %V Siberia and
N. Europe..

It will be noticed in the above table that in the columns under the
heading of "characteristic facies of transgressive product’ are enfered only some
of those formations that are proved to be transgressive either by their lithologic-
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al character and lateral extention or their actual superposition on much older
rocks. Those that were formed in preexisting depressions or residual waters
such” as the Otoceras Limestone in the Himalayan Geosyncline, early Liassic
. deposits in the Mediterrzuean ‘Basin, early Neocomian formations In the Alpine
Himalayan Geosynclines, the Libyan Series in Egypt, the Ranikot Series in
India efc. seldom show any sign of transgression, and therefore arg not {o be
- attributfed to the same category.

In some cases, trausgression appears to have been’ simultaneousiy
effected both in the north and the south. But careful comparison generally
shows that either the northem or the southern invasion is by far the more
sweeping in a particular epoch. For instance, in the Oxfordian and Alhian
times the inundations in northern Eurasia and North America attained, without
much doubt, a greater extent than did the local invasions in the southern
areas, The reverse is the case with the Kimmeridgian and Cenomanian
transgressions. The southern phases of these tramsgressions obviously .far
exceed, in extent, the northern ones that have been generally referred to the
. same respective epochs, As to the Volgian deposits, the correlation of the
several series in different basins of Russia is, as yet, not altogether free from
doubt. Certain paleontological facts seem to suggest that there was a tendency
for the Volgian water to shift southward towards the Upper Volgian time- -
And it will -not be surprising if some of the so-called Upper Volgian formations
in the Aictic ultimately prove to be of lowest Neocomian age.

Filially, it may be remarked that the extent of a general marine trans
gression in low latitudes is, in some measure, proportional to the magnitude
of the tectonic movement or movements that are to follow. The Maestrichtian
transgression, for instance, is far more sweeping than the Urgonian; so is the
laramide a far more important movement than the Austrian, The same
rule may be applied o the several cycles of the jurassic and Tertiary, and
perhaps can even be extended to the Palmozgic. This, however, is not to

be dogmatically maintained so long as we are unable to apply some quantitative
test.

Pending the accumulation of stratigraphical data, it must be freely
admitted that the evidences brought fcrward in this paper are by no means
sufficient to determine with finality the relationship between hydrocratic and
geocratic movements in the several minor cycles, particularly in such puzzling
times as the Volgian and the Albian. As to the grander movements, our
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principle seems to be however more or less well established. Thus the post-
Jurassic movement was preceded by the Kimmeridgian and Tithonian or
Portlandian transgression in the south, and followed by the early Neocomian
invasion in the north; the post-Cretaceous or Laramidec -movement was preceded
by the upper Cretaceous tfansgression in the south, and followed by the
Thanetian flood in the north: and the mid and late “Tertiary movements were
preceded by the Lutetian transgression in the south, and followed by the early
Quaternary flood in the Arctic.
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