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I. INTRODUDTION

" The Name Sinian Systém (“‘Sinische IFormationsreihe') was first
employed in a atretigraphic sense by Ferdinand von Richthofen whose
geographic and geologic explerations in China must for all time form the
starting point of all subsequent studies of this cheracter., We turn ito the
second volume of von Richthofen’s monumental work, “Chine, Ergebnisse
eigener Reisen und dnrauf gegriindeter Studien” (Berlin 1882) for the first
comprehensive discussion of the stratigraphy and structure of China, this
volume covering northern China, including & part of the province of Fengiien
or southern Manchurin. He bagins-with the description of the geological
observations made in the latter province from Muy to July 18G9, though he
bad explored parts of the provinee of Shantung in the earlier months of that

year.
II. THE Bixiax oF vox RicHTHOFEN 1N MAKCHURIA.

The peninsula’ of Liaotung (Liau-Tung} from which we have the
first description of the formations included in the Sinian System, lies between
the Gulf of Linotung a.n;i Korea Bay, and terminates on the southwest in the
peninsula of Kia-Tung (Kwantung) the “Regaﬁts Sword'’ of von Richt-
hofen’s maps, on which are situated the importaut cities of Dairen and Port
Arthur, The district with which we are chiefly concerned, lies to the north
of this terminal land tonpgue, forming the westerly porlion of the main
peninsule. Here the formations which cover the old gneiss, are chiefly the
Sinian, which von Richthofen divides into Lower, Middle, and Upper Sinian,
the last two being represented by a single color on his map (1885). On the
map he classifies the entire series as Cambrian, DBesides thess Sinian rocks,
he records the presence, in a small area, of ““Kohlenkalk”, a formstion
widely developed in North China, and known to be of Ordovician age. He
furlber observed a small developinent of productive Coal-Mesasures.

We find on page 73 of volume II of von Richthofen’s work the first
cheracterization of the Sindan System under the heading ' Unlersinssthe
Sandsteine (Yungning-Sandsicin)}”. This formation is deseribed as a pre-
vailingly red, and deep purple, cross-beddod friable sandstone, with occasional
conglomerates, the whole series having o véry gentle dip to the north.
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Regarding the age of these beds v. Richthofen concludes:—‘*dass sie zweifellos
von Cambrischem Altar sind und den tiefsten Theil einer langen, dieser
Epoche angehrenden Schichtenfolge bilden, die in China ungemein entwickelt
ist, und von weloher im weileren Verlauf der Beirachiung unter dem Namen
der Sinischen Formalionsreihe vielfach dis Reda sein wird”, Tbe name
Yungning Sandsions was applied to this series from tho ruined city of Yung-
njng-Kien, near the cosst, and its thickness was estimated o be at least 2000
feel. It is apperently, . thronghout, a continental formation. Blackwelder
studied this Egl:ndstona in 1903% and came to the conclusion that it probably
represented a local phase of the basal Cambrian which in Shaniung and
Shensi had been called the Manio formation and which carries the Redlichia
faana of late Lower or early Middle Cawmbrian age. The possibility of a Pre-
Cambrian age i3 however not denied.

Overlyi ng these sandstones are siliceous limestones, platey limestones,
shales, and some sandstones, which underlie the city of Fouchou, (#f H{) and
which v. Richthofen correlaied with similar beds in Shantung to which he
bad given the name Tunguwdnn series (seo below). These beds underlie the
odlitic and breceiated limestones of the Upper Cambrian. The thickness of
these beds appears to be considerably over & thouzand feet. This is the,
Fouchoa series of Blackwald’ar, who found no fossils in it, but from another
Jocility apparently in this formatlon, Iddings collected Middle Cambrian
fossils, which were described by Walcotts. Von Richthofen placed this
series in his Middle Sinian, his Upper Sinian which comprises the Upper
Cambrian of Shantung, being wanting here.

Overlying (his series, and probably séparated from it‘by a discon-
tormity, is a limestone called by von Richthofen "'Koblenkalk,” and identified
by him with & similar limestone previously foung in Shantung., which hs also
regarded as Kohlenkalk, but which is now known to be of Ordovician age.
He records a thiekness for this limestone of 1200 fect, and found it overlain
by sandstones, shales and con)-bearing beds with some erinoidal limestones,
the whole being refersble to the Cozl Measures. The Kohlenkalk of von
Richthofen is the Ordovician limestone, but it is not known which division

¢ Willis, Research in China, vol, 1. p- 89 and 93, 1907,
4§ Research in Chiua vol. IT. '
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18 represonted here. Farther northeast, however, in the Tai-tsze valley (S.
E. of Mukden) this Yimestona carries dctinoceras richihofeni Freoh, a char-
acteristic Iate Middle Ordovician fossil, found in the Machiakou limestone
of that age in Chihli and Shantung’ (ses below). . _

+ It will thus be seen that-in his very. first charucterizdtion and detailed
description of the Sinian System, von Richthofen restricted ‘tHa- term to the
Cambrian wnd older strata, that is to the entire series of unmetamorphosed
older sediments which overlie unconformably the metamorphie schists, gueisses
and other rocks of the basal complex. Furthermore, he definitely excluded
from this-series the Ordovician limestone, which he recognized as forming a
distinct series, although he erroneonsly indentified it &s Cai-bonifemus lime-
stone (Mississippian} because of its lack. of fossils, and because of the fact,
that i5 appeared to underlie the coal-bearing series .conformably (in reality
there is a disconformity and great histus). In the basai portion of the coal-
bearing series, fossiliferous limestones are found in some sections.

This hes been the attitude of von Richthofen townrds these forma-
tion throughout his studies of the rocks of north (Jhi.nﬁ., witk one or iwo
unimportant exceptions, as we shall see in the sequel. .

Von Richthofen agmin crossed the Sinisn strata in his journey
eastward to the shores of Korea bay. He records sbout 6000 feet of strata
underlying the Kohlenkalk (Ordovician limestone, sbout 1500 feet). “Im
liegenden des letzteren (des Kohlenkalks) beginnt hit disocedanter Lagerung
die Reihe der Cambrischen Schichien in regelmiissiger ¥olge von cben nach
unten’’ (p. 79). The section of this series,. which he xives on p.§0, shows
no, discordance betwesn the 'Kohlenhalk” {Ordovician) and the “Cambrian'
or Sinian, and the relationship is probably a disconformabls one, as it i3
known to bb farther south in Chihli province.

The upper beds of the Sinian series of this section are deseribed by
v: Richthofen as red, gray, and green. as woll as white and yellow, somewhat
micaceous clay-slates nnd non-slaly shales (argillutytes). Thin-bedded sand.
stones océur at severnl levels, and. Lheie are at least thres l-imestone horizons.
The Jimestones are Golitie (globulitic}, and contain the Cambrian fauna, this
type of formalion being widespread in north China,*and characteristic of the
Middle Cambrian series. Some of these globulites reach the size of bullels, or
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even that of a hen’s ogg. ‘This herizon appears to be analogous to the Lung-
minp limestones of Honan-fu, Below them are-ihe platey limestones of the
Tunquwinn (Fovshou) series, and still lowar,. irregular (concretionary?) lime-
slones Below these lie the Lower Sinian sandslones and conglomearales,
which rest in turn-upon the crystalline gneiss.

In the Bai-ma-ki basin in eastern Manchuria {sbout lat. 41° N.,
long. 124° 45’ E) a small section of von Richthofei.’s Upper Sinian limestones
is exposed, -these beds being disconformably succeeded by Carboniferous sand-
stones. In the highest membeérz of the.Upper Binian limestones (5 & 6 of v.
Richthofen’s section p. 94) was found e part of the Middle Cambrian fauna
described by Dames and Kayser in Vol. IV. Below these trilobite- and
brachiopiod=bearing beds, lie non-crystalline marl-shales and caleareous shales
with the species of Lingulella, fignred and deseribed by Kayser. Bslow this,
lie slobulitic and other limestones, all representative of Middle Cambrian
horizorss. The base is not exposed, lLut the series rests apparently with an
unconformity upen older (pre-Sinian) quartzites, on which formation Car-
boniferous beds rest direct, though unconformebly, elsewhere in this locality.

Aboit 80 1i north of the Sai-ma-ki, in tha valley of the Tang-ho at
Hslangmo, the Lower Sinian beds are exposed in horizontal atrate, Iying upon
#nd abutting afainat vertical quarizites and schists. These Lower Sinian beds
are gresn and red shales, with a thicknessof at least 2000 fect. Both north-
and southward, they pass beneath Upper Sinian limestones, which on the
south afe characterized by the Middle Cambrian faunas found in the corres.
ponding beds at Sai-ma-ki. On the north, howaver, higher limestones are
exposed, for il the valley of the Tailze-ho at Hsinu-sirr, about 100 }i north
of Bai-ma-ki, is the type localily for Aclinoceras richthofeni, the characteristic
fossil ~f the late l\ﬁddle Ordovician limestones of north China.l—i: e the
Actinoceras or Machiakou Jimestons. These beds appoar to lie disconformably
upon the Middle Cambrian or this region, for beds of the lithic character of
the latter series, i. e. globulitle limestones and W mkalk”, are found on.v
a-short dislance below.

This is one of the few occurrences ;:uf Ordovician limestone, which
were included by von Richthofen in his Upper Sinian series. Their age was
recognized hy von Richthofen as Ordovician (Untersilur,, and their inclusion
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in the Sinian series wns apparently due to the fact, that he found that “aus
otwas tieferon Schichteri aber kommen Bruchstiicke von Kalken herab, welche
ungemein characteristisch und der Sinischen Formation eigentiiimlioh sind’’,
These are the olitic limestones (globulitische Kalke) and intraformational
(edgewise) conglomerates (Wurmkalke) above referred to, and fypically
developed in the Camlirian seriss.

* Whatever the true relationship of the Ordovician to the Cambrian
beds is in this section, the fact, that von Richthofen thought that the Cam-
brian was only a short distance below (instead of severnl thousand feet as
elsewhere in north Chine), and the further fact, that-these Ordovician beds
are succeeded by Carboniferous coal-bearing beds, which at Sai-ma-ki, 100 1i
to the south lie directly upon the Middle Cambrian, were jugtification enough
at that time, for the inclusion of these fossiliferons Ordovician beds in the
Sinjan. This however does not justify the inclusion of the great mass of
Ordoviclan strata in this system, for these von Richthufen "gystematically
exéluded therefromi, wherever they are fully develoned. Tt does not alter this
fact that von Richthofen believed these limestones to be of Mississippian age,
wheregs we know that their upper portion is of the same age as the fossil-
iferons beds of Hsiau-siirr, which at that locality were classad with the Sinian.

Von Richthofen’s posiion is made quite clear by the fact, that less
theu 75 Ji down the valley of the Taitze-ho, from Hsiau-sbrr, he met with a
more typical development of the Ordovician lirhesiones, wnich he egtimated
at 1000 feel. * He described these limestones ay quite distinet, lithologieally,
from the Sinian limestones, excladed them from that series, and, as usual,
referred them to the *“Kohlenkalk”. His comment on this section on the
right bank of the Taitze-ho is illuminating. He says: “(p. 102) “In diesem
Profil ist Allés von frither her bekannt, mil Ausnahme des Kalksteins 5, des
Ben Aller sich aber leicht festseizen lassen wird, wen ein Reisender Zeit hat,
dem Suchen nach Verstsinerungen in demselben grissere Aufmerksamkeit zu
widmen.” In the vrofile given by him on the preceding page, he calls this
limestone Kohlenkalk, and so marks it upon his fap. _I%e again finds this
‘ Kohlenkalk’? or “Borgkalk’ {Mountain ]imest;me) north of Pénn-hsi-hu,

? Italics ore mine.
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35 Ii farther west, in the walley of the Taiteze-ho, where it algo rests upon

Upper Sinian (Cambrian) limestone, and is succeeded by productive Cosl
Measares. ' . )

SUMNARY OF VON RICHTHOFEN'S VIEWS OF THE SINIAN OF LIAUTUNG.

There can thus be no doubt whatever, what vor Richthafen included
in the Sinien System in Lisctong, Manchuria, and what he excluded there-
from. His Upper Sinian comprised the typical Middle Cambrian limestones,
recognized by him as of Cambrian age. His Lower Sinian inciudes the red
and green sandstones, shales etec., which underlie these with apparent con-
formity. These be also called Cambrian on his map-sheats, and they may
represent a part of that system, or may be older. There is no doubt whatever,
that he included in his Sinian system the entire sories of unaltered sediments
from the Middle Cambrian downwards, and that he excluded the Ordovician
limestones (his Kohlenkalk) therefrom, as lithologically. wholly distinet from
the Sinian limestones. Only in a littlo-understood saction, that of Hsian-sorr,
does he include some fossiliferous beds of the Ordovician in the Sinian,
because subsequent identification showed the fossils to be of Ordovieian and
not of Mississippian age. His own summary of this series of formations from
the base of the Sinian upwards js given on pages 108-111 of vol. 11, and ag it
i8 the firgt general summary given by him, I include it here in translation ss
nearly verbal as possible.

“In regular succession they [the Sinian Sirata} rest one upon
enother. Everywhere they show & marked stratification |reiche Gliederung)
which i8 nearly uniform in the higher parts, but shows much varigbility in
the lower parts, because of the inequalities of the sea-hottom on which the
sediments were deposited, this being covered with reefs [of older quartzites
ete.] so that in some regions the series extends farther down [in the
depressions between the reefs| than in others. In a certain niveau, bigh in
the series, we found a petrographic horizon marked with rare distinctness, the
globulitic limestones, and this furniskes at the some time o palzontological
datum-plane [einen palivniologischen Anhalt]. According % & preliminary
communication of Mr. Dames, the.trilobite fauna of Sai-ma-ki and the Toi-tze
valley, consists chiefly of the'genera,” Dikeliocephalus and Canocephalus, and
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approaches ¢losely the faunas of the Polsdam sandsione of New York, Wis-
consin, lowa, and Minnesota espeeially the region of the-Upper Missouri,
to such an extent that a similarity of sge can nat be doubted. 1In the 40tk
Paralicl Survey the same fauna was found by Hall in the White Pine and
Fureks mining distriets. It appea‘rs that the Chiness fauna resembles more
nearly the American Polsdam? then the Swedish Cembrian fauna; with the

Bohemian primordial fauna it has nothing in common.

*“It might not be practicable to apply the name «Cambrisn' unquali-
fiedly for the desigbation of the system of formations in question. For until
& further palzontological sudbivision is possidle; we must refer to it an

_extraordinarily ‘extensive series of .strata which, because of stratigraphie
parallelism, forms a'great circamseribed unit [ein grosses geschlossenes Ganzes
bildet] ; and of which there is at present no possibility to demonstrate, that
jts boginning and .its end coincide wilh ihe boundaries within which the
nams Cambrian is applied in Europe -and America. It is much more prob-
able that the Chinese formation, in which the- strala with the primordial
faapa form u readily determinable, but volumetrically subordinate horizon
[riomlich untergeordneten Horizont] extond much farther downwards, and
{hérefore cover a much longer [time] period, while upwards, they might
extend without noticenble interruption into the Lower Silurian [Ordovician]
|wiibrend sie nach oben ohne merkliche Unterbrechung bis in das Untersilur

hineinreichen diirfte] #

““Dominant as t'h.is formation is in the -mountain structure of Liao-
tung [Lisutung] its thickness is much inferice to that which it reaches in
other rugionsl. In thoe progress of our further study, we shall learn to reco-
guize it 08 the wost emporiant stratigraphic series of China%%$ and shall more
especially find its lower members enormously developed in certain {-egiong
[‘*and besonders in ihren tieferen Gliedern in manchen Gegenden massenhaft
entwickelt finden'].

§ Potedam ja hers used’in the old sensa, essentially equivalent to Cambrian.
§§ I wonld call astentinn to this wording of von Richthofen, which implies extreme
conservatism b reapect to the upward exicnsion of the Sinian series—(or his words
mentt that powibly the series may extend into the Ordovician, bat that this is not the
nonual state.
888 Lulivs are mine.
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“A subdivision is possible in each separateregion. However, even
though we ‘conetanuy awemph to compare the champteristics of the geveral
divisions of one region with those.of an adjoining one, we find the differencea
in Btratigraphic development. so great, edpecially when comparing pelagic and
littoral 1acies of sedimenis, that a comprehénsive subdivision into a series of
flages, applicable to the whole of -China, is as yet nnt possible. As Sinian
gystemt ‘o formations [Binische Farmationsreibe] is. desiguated in generil &
succession of sediments which i characterized by uniform bedding [concordant
superpogition]. and. sharp delimitation against the older series; whose thick-
ness can bo. edtimated at from -twelve- to.lwenty thousand feet; and which
consists of the greatest variety of shales, sandstones and limestones with sand-
stones gpnerally predominating in the lower, and. limestones in the upper part.
In the-discassion of the structure of Shentung, it-will be possible to present
certain. primary points for comparisons. Here I will only consider briefly
the dave‘lopment which we have obgerved in Lmutung The great move-
iments, which gave the country the fundamantal gtrectural lines which it has
presorved to the present day, had long ago come to an end in Lisatung when
the depdsition of the Sinian formations begen; for the lower strata of the
Initer have sufferéd no greater distarbance than the upper. But it iz mot
improbable, that two fizneous] series, connected with the after-affects of the
eraption of the Korea granite, opened the new period. These are the rocks
which aplpear in association with porphyrite in Li-kwan-tshun (Li-kuan-tsun
& W H), and the low ridge between Hgiau-yang-ho and Te-yang-ho. [he
relationships to the porphyrite which hes furnished a part of the sedimentary
muteriol, as well as interpenetrated the completed sediments, are similar to
those of the tuffs, in south Tyrol to the augite porohyry. Tf we omit the
consideration of these somewhat problematic formations, {p which belong also
the reof quartzites on the Fu.tshou-ho, we find the sedlmentary sories to begin
with:

“(1) Deep red, friadle quartz sandstones, which unever appenr other-
wide than in direet smperposition upon the crystallline strala. or the granite,
We met these at various points of the west and south coast, where they form
8 low undulating land surface of moderate fortility, and designated them as- -
Yungning Sandstonc. .



A. W. Grabau—T'he Sinian Sysrem 53

r ( 2) I ndurated quarkilic sandstones and quariz-pebble conglomeratess
alternating with softer argillo-arewsceous strma, pattly of light ‘color and
parlly red. We had to leave it undecided, whether ihey really formed the
superposed series ~* the strata of (1), or whetner they were metely formed
from these through greater induration at a higher engle of inclination: They
produce massive land-forms with gheor fraclure walls, bui generally bear on
their summits more subdued surtaces. Several of the islands of Society Bay
are to be classed bere. With this ends the lower series, which in Lisutung

is probably at least 2000 feet thick. With slightly, or not all altered posilion,
there.follows upon this;

*“The limestone-bearing division of the Sinian b’eries_.'._ Unfortunately
1 am not in a position to give a detailed deseription of these jnteresting and
extensively developed formations. This iz dus to the low angle of dip of the
strata, and to the rapidity of my journey. Whery slighty inclined strala cover
many miles of the line of traverse, which morsover, alterngtlaly approaches to,
and recedes from the section along the valley sides, (these being oflen inter-
rupted by broad lateral valloys), much time is required for their carefal study.
Steep declivitios, which here and there give a convenient exposure, generally
disclose ouly a fraction of the series to be examined. Besides this, one usually
recognizes the complsleness ol the profile only when the end of the same ig
reached, and no time remains for the necessary attention to defails. I must
therefore confine myself to & presentation of the principal horizons. Bat to
future investigators I would earnestly recommend s week’s siay among the
Binian terraine, slong the Taitze-ho, and careful systematic collecting, from
snccessive strata, of the inexhaustibly rich series at petrefactions. The most.
abvious horizons are the following:

“{a) Concretionary |Krummschaligel, shattered siliceous limestones,
[silico-caleiliths] the oracks as well as the siratification surfaces filled with
8 taleose sbaly substaice. With this occur wavy limestones [Wellenkalke]*®
and scarred limestones [Narbenkelke]. :

“(b) Platey, flat-surfaced clearly resounding silico-caleiliths [Kie
selkalke]. This is the zone of the Tangwinn strata (See pp. 74, 80).

* Theso may be the Collenia-bearing beds of the Nankon divigion see belnw,
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"(b) First zone of globulitic |coarsly oblitic] limestones.

“(d) Scarry limestones of Sai-ma-ki, similar to the Virgloria lime-
stones of the northern Alps, with greenish coating on the stratification planes.
They alternate with thin-bedded calcilutytes [Kalkschiefer] which contain
Lingula. :

‘(o) Up}ier zone of globulitic limestones [ealcispbeerites].

“(f) A succession of limestones, nearly 1000 feet thick, and of very-
ing constitution, among which globulitie limestones [calcispharites] and intra-
formational [edgewise] conglomerates | Wurmkalk] are especially character-
istic.

“Group {e) to (I} form the Lungmion limestone stage. The
previously-notad primordial [Middle Cambrian] fauna charecterizes it.

*Al] these severs} formation memibers are separated from one nnother
by red and green marl-shales and sandstones. These latter rock types also
alternate frequently with the individual limestone layers. The totality of the
‘formation comprises certainly not less than 5000 feet. '

6. Greenstone dikes which cut the formations described.

7, Carboniferous limestone (Kohlenkalk)? grayish-white ui}on the
outer sarfaces, gray and liver-brown within. Althongh I did net find any
recognizable fossils in this rock in Liﬁ.utung, its age, besides being shown by
interheddiug of the upper limestone layers with sirata of the produé.ﬁv.re
conl-measures, is cortified to by petrographic characters which are poculiar
o the Carboniferous limestone [Kohlenkalk] of north China throughout.
This is a certain cloudy appearance on the frecture surface, caused by an alter-
nation of dark and light brown colomtion. In extensive development, the
Carboniferous [Ordovician]limestone cccurs along my. routs of travel only near
‘Wu-hi-shui (Wu-hu.shui 7z, {§§ 7&) and Ponn-hsi-hu (Pen-Ki-hu & #& #))
Its almost parallel bedding with the Sinian limestones is noteworthy. We
sball'find this throughout the whole of north Chine where the Upper Silurian
[Silurian] and Devonian are evorywhere absent.

'‘S. The productive Coal Measures.

9. Porphyry eruptions of Ponn-hsi-hu and associated:

{ New known to be oi Ordovitinn age,
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“10. ‘Porphyry conglomerte, porphyry tuff, end red sandstone of
Péun-hsi-hu.  This closea the succession 6f the older formations. Of much
mofe' recent age aro the succeeding:

‘11, Basalt eruptions

#12. Recent formations n

In Liau ‘Hsi-or, western Fengtien von Richthofen azain met with
isolated exposures of the Sinien sandy sheles, Testing upon the -crystallines,
but ‘he -ga.ve only & very cursory description of these beds. His next recordoed
more detailed observations are near Shen-hai-kwan in northern Chibli, 2nd
these are followed by his olservations in Shsntung, which however antedate
those of Liautung, with which his description opens. 'We shall noxt consider
the Sinian of Chihli province as deseribed by von Richthofen, and follow it
by the cerresponding deposits of Shantong, Shanst and the other provinces.

III. Trc SiNtAR oF voN RICHTHOPER IN CmuLl PROVINCE.
SHAN-HAI-EWAN RECION

Von Richthofen studied in some detail the formations of the conl
basin of Shih-mun-chei or Chih-men-chai, (Shi-mdnn-tsai of von Richthofen).
Thie region has become more fully known fo us through studieés carried on
by members of the Geological Surveyt and the more recent studies of Dr.
F. F. Mathieul whose pal®ontological collections were submitted fo me for
description?

The Palzozoic Coal-Measure sories is here disconformably underlain
by more than 500 meters of shales, limestones, red-beds, and some igneous
members, which ecarry several fossil horizons both near the top and near the
bottom. From these it is recognized that the emiire series belongs to the
lower Ordovicidn, the fanua being very similar to that of the Beskmantownian
of eastern North Awmcrica. DBecause of the presence in this series of serveral
ovlitic hovizons, and some intra-formationel conglomerates, and because of its

very different aspect from the limestonos of the later Ordovieian, which is

§ L. F. Yil and C. C. Lin, Reporl on Liu-Kieng Coal Field of Lin-Yii-Heien, Chilili.
Bulletin I, Geological Survey of Ching, English Summary p. 6 (map}.

1 Bulletin IV, Geological Survey of China (mep).

2 Paleontologin Sinica, Seriea B. Vol, I, fascicle 1.
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most wide-spread in north China, and which von Richthofen. referred to the
Carhoniferous (Mississippien), the limestons and shales of Chih-men-chai
. were identified by that investigator with the Up-per Sinian of Liautung. As
von Rithchofen found no fossils in this saries, this correlation Ly lithic
resemblznce, was most natiral, but this arroneous identifieation (of Lowor
Ordovician as Middle Cambrian strata) can hardly furnish a- basis for the
inclugion of the Ordo-ician as a whole in the Sinian system, any more than
his erronecus inclusion of the great inass of Ordoviecian limestone in the
Carboniferous series, can furnish a basia for uniting them with the Coal
Meagures into a-stratigraphic system. This is not altered by the fact that
in a brief resume of the Sinian on p- 123 he says *Besonders typish ist die
Formations Lei Shi-monn-tsai (Chih-man-chai) entwickelt”’, for this refers
colely to the lithologic resomblance of these Lower Ordovician beds to the
‘Middle Cambrian strata of Liautung and Shantung.

THE PEKIXG RECGION.

This is described by von Richtbofen in Chapter VII.of the second
volume, following the discussion of Shantung. ifis first recorded geological
observations 4n this district are in the Kaiping Conl Basian of eastern Chihli
(p- 285) a region which has been repeatedly studied by the geologists of the
Geological Survey of China.* He begins with a brief reterence to the enclos-
ing mus of more or less quartzitic sandstones, which he refers to as probably
the same Sinian sandstones found by nim in the vicinity of Ning-yuen-tshon
(Ning-yuan-chou # % #) and which we now recognize as helonging lo the
Pre-Cambrian sediments of this region, the Sinian in the sense advocated in
the sequel. The Cambrian beds of this region are mostly toncealed, thourh
in the northern rim of the basin & few exposures of them are fSund, Detween
the Ordovician limestones (Kohlenkalk of von Richthofen) and the Sinian
sandstones and limestones.! TLo productive coal series of this region (chiefly
of Permian ege) is disconformaebly preceded by from 700 to SUU meters of
Ordovician limestone, the upper beds of which have furnished late Middls
Ordovician fossils (equivalent o the Black River horizon of North Ameriea),

* Invertigations carrted on here by tysell and assistants of the Sarvey will be reportad
npon at a futare Llime.

1 The faunas whicl we collected here are now being ptndied hv Mr, Y.C. Sun.
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#hile the “Jowest mumbers have furnished & fow fomils whiich indicate Lower
.Ordovieian - (Beekmantownisn) age.” These rest disconformably upon the'
eroded surface of the Upper Gam'l:;nia.n 'uf this region.

The entire series uf limestones. was referred by von Riohthofen to the
‘Missigsippian. under the neme Kohlenkalk. He descrihes this limestone ag
- different from all Jimesfones which he had previously described from west of
~ Mukden (i.e. Cambrian limestones of Shantung eto.) and he especially notes,
that the globulitic colitic) limestones and other characteristic rock types of the
Sipian System are wanting {p. 287).

_We come now to von Richibiofen’s description of the mountain
districls which enclose the ‘‘Bay of Peking’ on the east, norur-f and west. He
begins with the disoussion of the Poshan; the ‘“‘corner-monument” of the
Peking plain. visible from the enclosing walls of the city (P.. 290). Already
in approaching it from the east, he found more or less . metamorphio Binian
limestonies with oblites and giant globuliles, with concentric globules 30 4
inches in' diameter (calcispherites), these rocks forming the range of the
Nian-ting-shan. But these globulitic limestones are less frequent than in the
more northern region,* and red beds are infrequent. This series i8 in reality
of pre-Cambrian age (Sinian in the revised sense of this articla}). )

To the southwest and west of Peking, in the complex of the Hsi-
shan or Western Hills8 of Peking, large ares of Ordovician limestones are
exposed, but the Cambrian and older sedimentary series ere ghown only in
the northwestern and northern portion of the region. Von -Richthofen-
traversed part of this area, and in his summary he saye of this younger.
(Ordovician) formation (p. 209). “In this thick and varisble system is
found.not & smgle one of the widely distributed and very chamacteristie rocks
of the Sinian limestones, which in some cases form the substratum of the
productive Coal-Measures. Cherty segregutions are found, it ia true, in the
form-of nodules. and thin interealauons, but they are not é¢haracteristic,, pure
limestones remaining dominant’. He gives further details of lithic character,
noting the oceurrence of dolormtes in the upper part,.and compares the series
with the corresponding rocks of kaiping, Liautung and Shantung, all of which

# mae reference to Collenia beds below.
3 See Memoir A:1 Geological Survey of Chins.
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he refers to the Carboniferous lirnestones (Eohlenkall). The thickness of -
the formation has recently been estimated s roughly 750 meters? which is
approximafely its thickness in the Kaiping basin, though v. Richthofen
considers the thickneéss in the latter region to be much less,

Here wo see again that von Richthofen definitely excluded the great’
limestone series now kmown to be of Ordovician age, from hia Sinian system,
and ibat its subsequent inclusion in it wes not in aceord wlth the definitely
oxpressed opinions of the author of that system.

The Ordovician limestones in the Western Hills are succeeded
disconformably by the Yang-Chia-T"un coal series of late Carhoniferons or

Permo-Carboniferous age, followed by ‘Permo-Triassic (?) sandstones, and
Jurassic coal-bearing strata.$

The Hsi-shan (Western Hills) complex is an erosion remnsnt of
Cambro-Ordovician and younger strata, which rests vpon a great mass or
Pre-Cambrian sediments and older metamorphic and igneous rocks. The
mountains formed of this older series of rocks surround the. plain of Poking
on the east, north, and west, and their crest ia for some distance followed by
an inuer branch of the Great Wall of China. The slightly, or not at all
metamorphosed sediments of- these ranges, constitute the typical Lower Sinian
geries of von Richthofen, the Upper Sinian being formed by the Cambrian
strata which overlie them on the northern border of the Hsi-shan, and in a
fow other localities, and which in tle northern region are disconformably
succeeded by the Carboniferous formations, the Ordovician limestones not
appearivg there,$¥ though they come in farther to the west.

_The main range, to which in geneml the name Nankou Range has
been epplied, wes crossed by von Richthofen between Chei-tang end Fan. -
shan-pu, Along this line, the Ordovician beds lie below the Carboniferous
series, and are followed downwards in the section by Cambrian limestones,
The two groups were not differentiated by von Richthofen, who clissed them .
together as Cambrian, no fossils having been seen by him in the upper part.

§ L.F. Yih, Memoir Gcologlcnl Survey of Chmn Scries A vol. I p,9, 1920,
8 Yih—loc. cit,

$4¢  See section B-R in Mr. Yil’ £ memoir,
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" Below this vpper series, the thickness of which is given by von Richthofen

8s 2000 feet, lie the Middle Cawmbrian gobulitic (odlitic) limestones with
~ trilobites, and below these the red shales and intercalated limestones of the
Mant’o series of late Lower Gm_ﬁbrian age, the lowest division of the Cambrian
" recognized in north China.

‘Below thess Cambrian beds, and concordant with them, though
ﬁmbs.bly soparated from them by a disconformity, are the black shalas and
E-m.udn-tonea"known 88 the Hsiamaling series of Pre-Cambrian age, and 500
I.feat or more in thickness. Below these lies the great series of - silicedms
- limestones which forms the most prominent mermber of the formations compos-
ing this range and to which von Richthofen applied the neme Nenkou
Zimesmm,_ from the excellent exposures at Nankou pass, farther to the east

At thet point, these limestones are, however, extensively cut by igneous
intrusions.

These siliceous limestones of the Nankou series, von Richthofen
classed as Lower.Sinien; the Hsir-ma-ling shales and sandstones, the Mant'o
shales, end the Middle and Upper Cambrian limestones, he grouped together

“as Upper Sinian. Comparing the series with that found in Liautung and
Shantung, he finds a close correspondance in the upper {Cambrian) series
of the several districts, while the lower shows marked diversity, consisting
largely of silicecus limestones in the Peldng district, but of clastic mailerial
in the Manchurisn region. He .recognizes the fact ‘that these represent
different facies of the Lower Sinian. To the latter he assigns a minimum
thickness of 8000 foet, and to the Upper Sinian one of ahout 4300 feet, which
is, however, probably excessive.* '

* Censidérable work -hes been done on these deposits by members of the Geological
Sorvey, and officers and advarced stodents in the Depariment of Geology in the
Peking National Univerdity. The first fossils from these deposits were found by Dr,
J. G. Anderston in the Henp-Ho cangon through these mnges, Other epecimens,
described below sa Collenia sinenris were found by ue in the Nankon limesione of
Nankou pass. doring a reconnaissance tn'fp in that region poder the auspices of the
Third Amatic Expedition in charge of Prof. F. K. Morris, More pecently my students
in the Psleontological and Stratigraphlical section of the fourlh year class of the
Department of Geology in Peking National University, have made detailéd seclions
of these limestones in Nenkou pass, and secored numerens epecimens of Collenia of
several species. Theso will be noted more at lenth below. The limestones of tho
pass, though iilted and even overthrust by r]aost Juraesic deformations and ont by
iguecns rocks are practicaily nrmetamorphosed. Chert is common in certain of these
bedded layers, but the heavier-bedded sirata are tiuil.a pure, and it js in these that

R

the fossils are found. I have noted these spheroidel messes of Collenia at n number of
horizona in the series,
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V. THE SINIAN oF voN Ricireirorky v SHaxst PROVINGE.

Von Richthofen entered the northern Shansi rogion from Mongolia.
In the Ta-tshing-shan south of st-ymg-t?e in inner Mongolia, he found
quartzites and black shales resting upon. gneiss and granite. These he
regarded 43 forming the lowest member of the Lower Sinian. These heds
are moderately folded and are unconformably (?) succeeded by the steeper
dipping Lower Jurrassic coal-bearing series,* North of this al the mission
station of Hsi-ying-tze he found Lower Sinian limestones {Nankou lime-
stones?) dipping northward, and apparensly brought up by a fault g0 that
they appear to overlie the Jurassic beds. The contact-line is eoncealed hy
loogs deposits (Ses scction v. R. IT p. 353). This is one of the few sections
in which there seems to Lo a distinct unconformity between tha Jurassic and
the oldor (Simian) series. The possibility of a fault contact between the
Jurassic beds and the Lower Sinian quarizites in this section must, however,
not he overlooked.

The western border of the Loess plain, which extends southwaru
from Tatungfu 1 north Shansi, has the appearance of a fault-line-scarp, with
a continuous and almost straight southwest trend. In one part the old
gueisses are Lrought up to form the edge of the scarp, and upon these rest
unconformably the Cambrian hmestanes, preceded by red shales, the whole
having & thickness of about 1000 icet. For the greater part of the distance,
however, the Cambrian linestones form the oidest rock exposed These beds
are called by von Richthoren Upper Sinian, and he recognizes the absence
here of ithe Lower Sinian, which is so prominently developed on the southwest.
and of which he found an outlier in the Hs1-ymg tsze region (Mongolia) to
the north.

Along the entire border or the fault-block which Lounds the Talung-
fu plain on the west, the Cambrian beds are suceeeded by Liassic coal-bearing
strate and according to von Richthofen’s sections (See especiatiy fig.. 76 p.
368) there is a- distinet unconformity. This may, however, be apparent, .
89 the dip of the strata changes rapidly from wteep inclination on the east |

¢ Thete ia probably no reat unconformity here, but a dizconformity the differance in dip
being only apparent.
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(62° west of Tatungfu) to 45° on the west of the Cambrian outerop, while
the Liassic strata rapidly diminish in dip until they are nearly norizontal,
Cartainly here as in the section farther north, further examination is required
before the unconformity between the Paleozoic and the Mesozoic can be
considered as established. Probably the relationship is throﬁghout a discon-
formable one, a9 is usnal m north China.

The direet superposition of the Cambrian (Upper Sinian) limestones
upon the gneiss was again observed by von Richthofen iﬁ; tho long but
relatively narrow Man-tou-shan range which separafes the plain of Tatungfu
from that of the Huto on the south The nedrly horizontal Cambrian beds
form isolated erosion remnants in the bighet Ipal:ts of the range.

Southeast of the Mun-tou-shen, and roughly parallel to.it lies the
complex of the Wutaishan, the two being separated by the Lroad loess-covered
valley of the Hu-to-ho. This region has been studied in some detail by Willis
end Blockwelder. Here the old Arenasn gneisses (the Tai-shan complex of
Willis and Blackwelder, apparently the same series which forms the Man-ton-
shan on the north)is unconformably overlain by the metamorphic Wutai series
of schists of Algonkian age. Upon these, in some sections of the northwestern
portion of the range, lie horizontal Caribrian beds (Upper Sinian of v. Richt-
hofen). The southern and southeastern spurs of the range are, however,
formed by the Lower Sinian formations as shown on von Richthofen's ™ap,
though in his journey he had no opportunity to' examine these strata in detail.
They were, however, carefully studied by Willisand Blackwelder, who namied
this series the Tuto Series, from the Hu-le-ho wore it crosses the southwestern
spur of the Wutaishan. (Map sheet B-I Atlas of Research in China.)

Willis and Blackwelder divided their Huto system into the Tou'fsun
slates at the base and the Twmgyii limestone at the wp. The former have a
thickness of not less than 3,500 feet, and may reach 5,000 feet They
comprise gray and purplish phyllites, with some dolomitic and siliceous lime-
stones, and red und gray quarlzites near the base.

The Tungyii limestone has a thickness of probably 3,000 feet, and is
massive, gray and cherty, Farther east on the wostern border of the Gregt
Plain in west Chihli province, the entire series is represonted by limestode
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with an abundance of chert. This, the Tayang Limestone of Willis and
Blackwelder is the southwestward extension, approximately along the strike,
of the Nankou Limestone of the ridge north’ of Peking, According to Willis
and Blackwelder? “The formation is exceedingly uniform in lithologic char-
acter, the greater or less proportion of chert and the occasional eccurrence of
.. white quartzite being the chief variations. A mnotable characteristic is found
. durved end ‘minutely contorted laminz of fint, the contoriion of which
appears to be independent of local deformation of strats. Similar bands bave
been noticed inthy Siveh limestone of the Belt formation, Montena, 4% They
are noted by Léezy.ag ocsurring in the Nanshan sandstone of Tibet.(! Similar
forms deseribed by Stose in Cambrian limestones of the Appalachian Valley,
are classed ag Cryptozoon proliferum Hall.C Whether the pecaliar stractures
are in some cases mechenical or organic i8 not known but they have a long
tange’’. Thess are probably the Collenia masses found in the limestone at
Nankou ranges. Théy have mot been seen in the Cambrian or Ordovician
limestones of Chine, nor have the oblitic and cenglomeritic (edgewiss) phases
of the Cambrian been found in the Tayang or Nankou limestone.

The Tayang ]1mesbone, whxch may reach a thickness of 6000 feat
bas usudlly a thin stratum of slate or phyllite at the base and was found to
rest with murked u:monformity apon the Taishan complex (Archzan). The
limestone is dmconiorma.bly sacceeded by Cambrian strata, which begin with
8 heavy bed of Tesidual chert pebbles, derived from the pre-Cambrian lime-
stonds, and followed by quarizith and blnck a.rgllhte conformable with the
succeeding Cambro-Ordovician series and in all probability a part of it,

The limestone outerops may ba traced southwesiward along the west-
ern border of the Great Plain in the Fong-ling-shan and Hsi-ping-shan,
Von Richthofen described a section through the latter ridge at Huo-lu-hsien
whers it is succeeded by the Combrian, followed in turn by the Ordovician.
The Cambrian and underlying limestones were roapped By v, Richthofen a3
Upper Sinian and the Ordovician as Kohlenkalk, The limestone at Tayang
he mapped as metamorphic Sinian; followed by Kohlenkalk.

4 B. Willis Research in China Vol. II pp. 8,0.
§% Willie B., Bull, G. 9. A, \"nl XI11I, p. 305, 1902.

{1 Reise des Grafen Széchen in Oslasien Vol. I p. 563.
(2 Journal of Geology Vol, X1V PP 210-517, 1906,
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-_- Thesé limestones and tne Nankou limestone farther northeast, appesr
o lié essentinlly .along the axia of the ancient geosyncline in which these
strata were deposited. As we go northwestward, we find, in the Wutai-shen,
. & great reduclion in the limesiones of the series which are restricted to the
"'U.pper division, while in the lowaer they are replaced by clastioc material,
evidently derived from the wesiern border of the geosyncline. Finally with
the Cambrian marine iransgression these pre-Cambrian beds are overlapped
and we find to the northwest of the geosyncline, that the Cambrian rests dir-
ectly upon the older metamorphic rocks. This geosyneline extendad northeast-
ward into Lisutong, Manchuria. Iis southesstern border is seen in the.
Shantung region next to be descnbed

V. THE SINLsN OF 13"03 RICHETHOFEN IN SHANTUNG __.Pliovmca-.
In west Shantung v. Richthofen mapped Lower, Middle and Upper
Binian, but the Ordovician (his Kohlenkalk) ke recogized only in the Poshan
region. Willis and Blackwelder on'the other hané,_ who studied .and mappet
g two small aréas in west Shantung in detail, found a number of irregular
erosion remnants of the Ordovician limestone which they named Thinan lime-

slone. . T - T
The beds elassified by von Richthofen as Sinian in Shanfung were

' first met with by him north of I¢hon-fu, along the Tang-win-ho, Here the
geries, repeated soveral times by .fanlting, begins with thin-bedded argillo-
caleareous tocky, 300 feet thick, which rest upo'n-gneiss, snd are succesded
upwards by 400 feet of reddish gandstones, and 150 fest of- red micaceous
shales followed by liﬁnastonea, 200 feet, and red shales, 120 feet, totalling 1170
feet. - These beds were mapped as Lower Sinian, but in the text they were
distinetly referred to the Middle Sinian (p. 225). They probably represent
in part, the Manto series of Willis and Blackwelder. Above the regular
* guecession are other \beds of similav character, which may be & repetition of
this geries, and the section is terminated by fossiliferous Middle and Upper
Cambrian limestones. These von Richthofen referred to the Upper Sinian
under the name Lungménn beds.

In tho Sin-t’ai Coal Basin {(Kohlenbecken von Hsin-tai-hsien} Willis
and Blackwelder found 575 feet of Manto shale overlying the Archean rocka
(_Ts.iaha.n complex) and followed in furn by 800 feet of Middle and Upper
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Cambrian Jimestone, upon which in iurn rest the Ordovician beds. Von
Richthofen mapped the northern part of the district as Sirfié_éﬁ but did@ not
Tecognize the . occurrence of Ordovician strata (Kohlenkalk). - From his text
it wonld appear that he examined only the coal-measures of thig basin.

' " What von Richthofan regarded as the most typical "seclion .of the
Sinian in Shantung, was obtained in the valley of the Yii-fu-ho near Tshang-
hsin (Ch’ang-hia) within the district sabsequently rapped in detail by Willis
and Blackwelder under the name Ch'anghia district. The base of the series
on the weat or laft side of the valley is much higher than that on the right.
Von Richthofen aftributed this to a faul. followed by the valley, but Willig
thinks it is due rather to floxures in the straia. -

Resting upon the gneiss are 525 feet of Ted randy shales and gray
shaly limestones, marlg, shales ete. which were classed by von Richthofen as
the upper part of tha Middle Sinian. *‘Here are absent not only the Yung-
ning sandstones, but the whole lowar part of the Tongwinn sories”, which
constitute his typical Middle Sinian (p. 226). These are the Manto shales of
Willis and Blackwelder, and they are followed by the Middle Cambrian
'(Ch’anghia)\ limestones with oolifés and the overlying (ushan) shale saries,
The Upper Cambrizn (Ch’anmitien) limestones ate not preserved in this seetion
and thus the Upper Sinian of von Richthofen in thié,his most typical Shanting
section, comprises only Middle Cawmbrian. This division, according to Willis
and Blackwelder, has a thickness of 550 feet, while the Ch’aumitien limestons
is given as 600 feet. Regarding the ralationship of these beds 1o others, von
Richthofen says ‘“The series here mentioned becomes mo}a complete up the
valley [southward] in its lower, and down the valley in its upper portion.”,
(p. 197) '

In western Shantung, von Richthofen met win she Ordovician lime-
stones only in the Poshan Coal Bagin, of which they form the southeastern
rim. This is indeed the first tinte in his travels in North Ching fhat he met
witn thie formation, his journeys in - Bhantung having preceded those in
Liautung, Chihli and Shansi. After deseribing its uniform clisracter, he says
“In der ganzen Schichifolgd fand ich keine Versteinerungen” (p. 203) end
he considers that a further negative character, by which it could be distingui-
ghed from the Sininn limestones, was the absence of chert. These limestones,
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of which only about 600 feet is exposed, and which close- with cavernous
dolomites, ‘axe followed with apparent conformity by varicolored clays which
§11 the cavities of the dolomite,d These clays are followed by-sandstones and
_mh.r]s, in ‘which, 300 feet above the limestone, occur intercalated limestone
beds, from which were obtained the fomsils deseribed by Frech a8 of late Lower
Carboniferous age. 1t was becavse of the apparent conformity of these rossili-
ferous limestones with the greh.t limestone series, that von Richthofen thought
the latter represenied the Carboniferous limestone of Furope and designated it
“‘Kohlenkalk”. This is the Tsinen limestone of Willis and Blackwelder who
found exposures of it in the vicinity of Tsiban-fu, and classed it a3 Upper
Sinien, despite the fact that von Richthofen expressly excluded it from the
Binien wherever he identifisd it in morth Chinw. In its upper portion have
since been found several species of Aclinoceras and other early Upper Ordovi-
cian (Black River)tossils.$ '“Warscheinlich” says von Richthofen, in speaking
of these limestones, ‘‘wiirde man unter diesen die Sinischen Kalke antroffen’”
{p. 204). ' '

Von Richthofen gives, on p. 206, a section across the crest of the
Yuen-shan, westward of Poshan-hsien, in which he finds the higher Sinian
(in his senéa) resting unconformably upon the gneiss complex of the Taishan
range. It begins with the limestones, shales and red beds, now included in the
Manto shales series of Jate Lower or early Middle Cambrian age, followed by
Middle and Upper Cambrian limestones. The enlire Lower Sinian formation
{the Sinian. in the restricted sonse of thiy article) is here wanting, being
ovetlapped by the Cambrian strala. The Upper Sinian (Csmbrian) lime-
stones are succeeded by higher beds which von Richthofen did not ezamine.

A similar succession was found by von Richthofen farther east in
Shantung, so that for this entire region it wonld appear that the Pre-Cambrian
members of his Sinian (Sinian in the restricted sense of this arlicle) are
absent. Shantung must therefore bo regarded ae forming the eastérn border
of the geosyncline in which these strata were deposited, for it is not very

likely that pre-Cambrian erosion would have removed them over the entire

§ A characterietic feature of the disconformity al tais horizen over wide districts in
north China,

4 Bec Srabau A, W. Ordovieian Fossils from North Chins. Paleonwoiogia Sinica,
Series B, Yol. I. Fascicle I. Geol. Survey of China. 1927.
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area, had they been present, though & certain amount of arogion of these older
rocks andoubtedly oocarred before the trangression of the Cambrian sea.

* In north-easiern Bhantung, however, st Tong:taochou-fu{Tenschowfu)
he found that ine pneimses and schists were overlsin by massive reddish
quartzites, at least 400 feot thiok, followed by zedrse quartz breovias, aboub
200 feet thiok, upon which lies 4 great thickness of red mndstones, the whole
being capped by basalt which lies on various members of the saries (See von
Richthofen’s section p. 218). The whols series or which about 1000 fest is
exposed, euggested to von Richthofen the basal Sinian Beries -of Lisutang.
The age of these beds is in doubt. They may bewong to s pre-Cambrian

horizon, or they wmay represent & marginal continental phase of Cambrian or
younger strata.

'¥1. GENERAL SUMMARY OF THE BINIAN A5 UNDERSTO0D BY YON RicETHOFEN,

“Nothing” says von Richthofen (p.22) ‘ig more characteristic for
the geology of Ching, than the long snccession of sediments which we have
previously designated by this name [Sinian]. Already in Liantung it hes
shown itself in strong contrast with " everything which lay benesath it, as the
product of a long period of sedimentation uninterrapted by marked distarb-
ances, while not only the materisl but also the aépth of the 8¢s in which thess
sadiments were found, was va.risi.B]ai Without noteworthy modifiedtion in
uniformity, stratum follows upon stra.tum In the lower part in that region,
the sediments were purely arenaceous, in the upper division they wers nearly
pure limestones, in the intermediate portion of variable charncter, consisting
principally in an alternation of limestones and sandy or clayey beds. Con-
sidering the limestones by themselve we find a gradual change from strongly
giliceous [cherty] to pure [calearsous] modifications, while when we consider
only the intercalated strata & change from sandy to clayey facies occnrs. At
& definite horizon, which belongs to the upper part of the formation,* dark
limestones appear which are definitely characterized by an inclusion of closely
crowded globulitic grains [odlites] and in which the primordial fauna
appears; and from this point upwards, we find this [fauna] more or Jess well -
ropressnted in the limestones.

{ The great mass of these etrats ia now conaidered to be of continental rather than
marine origin,
* Ytalics are mine.
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.. 'The globulitic limesiones, jn ‘which traces of trilobites are seldom
Wani.ing, are petrographically the most noteworthy members of the 9ntiré
geries in mnorthern China. Their appearance is so peculiar that ome can
| without question always recognize the formation by them. ¥rom the most
" distant localities ome can obtain hand specimens the similarity of whicl
renders them indistinguishable. Whether we regard the origin of the globulites
as organic or not we are at least justified in assaming that such remarkable
and widespread deposit, which appears only in a single geological peried, also
bolongs, throughout, essentially to the same horizon. This sssamption is
strengthened by the fact, that the rock type which we bave designated
Wurmkalk [intra-formationel, or edgewise conglomerate) and which likewise
iz of persistent peculiarity, occars evorywhere a; & somewhat higher level
than the globulitic limestones. It thus appéars to represent a second [distinet]
horizon.

“If in the absence of a deiailed pel®ontulogical zoning for the
different regions, we accept these globulitic limestones, or rather their first
appesrance, a8 marking & definite horizon, we can in a measure determine
what followa and what pracedes them in the different regions, It then
.appears, on & comprehensive éurirey, that the upper perts are nearly every-
where, .in north Chins, of essentially uniform character, while the lower are
extremely diverse. In soms sections the globulitic limestones lie directly upon
the gneiss, in others, several hundred feet of sediments intervene between -
them and the formation subjacent to the Sinian, while in still other regions
they are separated from pre-Sinian formations by strata several thousand feet
in thickness. This is explained by the incaualily of the sea-boitom upon
which the sedimentation took place.’’

From the detailed discassion, and the quotations. given in the pre-
ceding pages, which cover practically the entife field in which von Richthofen
noted the presence of Sinian strata in north China, it appears beyond question
that that investigator understood by the term Sinian the Cambrian and older
unmetamorphosed formations of north Chine and that he systematically and
consistently excluded the great series of Ordovician limestones, which wherever
preserved, form such o prominent member of {he Pal®ozoic in the Chinese
provinces of Shantung, Chibli, and Shansi, and in Lisatung, Monchuris.
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Thesa he invariably, though mistakenly, designated Carboniferous or Mountain
limestone (Kohlenkalk or Bergkalk) and he agam and again dwells upon the
petrographic differences of these limestones from thoss of the Upper Sinian
(Cambrisn) limestones. In his map sheets von Richthofen always bracketed
the several divisions of the Sinian under the term Cambrian, but in his dis-
cassion he recognized that the series extended below the base of the recognized
Cambrian. We know now that the greater part of the strata included by von
Richthofen in 'the Binian, nre of pre-Cambrian age, and that a disconformity
aud biatus of unknown magnitude separates them from the Camkbrian series.
Moreover, we now recogmize that these pre-Cambrian beds are of continental
origin, while the Cambrian stmla are purely marine, with the excaption of
the baml Mento group, which represents continental sediments of pre-marine

Cambrian time, more or less reworked by the tranggressing late Lower Cam-
brian ses.

The only noteworthy inclusion of Ordovician strala in the Sinian by
von Richthofen, was in the region west of Shan-hai-quan, in the Shieh-men-
chai coal basin. These strata are however lithologically mors like the
Cambrian seriés than they ar like the great mass of the Ordovician limestones,
and on this account von Richthofen mistook them for Cambrian strata. They
have since furnished Lower Ordovician (Beekmantown) fossils'and in this ‘
gection the great bulk -of the higher Ordovician beds (the Actinoceras lime-
stone series) is absent, Carboniferous beds resting directly end disconformably
upon the Lower Ordovician srata. This inclusion of Ordovician strata,
which he mistook for Cambrian beds, can of course furnish no basis for the

inclusion of the limestones which von Richthofen consistently excluded from_
this system,

The third volume of von Richthofen’s great work appeared in 1912
after his doath, and in it we find the last definite statement of the author’s
position on this question. In a foot note on p. 148, he quotes his original
definition (given on pages 108 of vol. II and reproduced in translation on p-
50 of this paper). He then goes on to say: *'It is hereind positively stated
that the Sinian Formation comprises the Cambrian, but further it is added,

& i ¢. in this definition.
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that with probability it extends highor up and lower down. This supposition
his been verifiel in both directions. I have te thank Mr. Bailey Willis for
.+ the proof, that the division into Upper Sinian and Lower Sinian proposed by
me really exists, that the Jntter belongs wholly to the upper part of the
Algonkian, theé former, however, separated from it by an unconformity? be-
longs to the Cambrian and unnoticeably passes upward into the slage which
at-that time (1882%%) was referred to the Lowen Silurian, ond is now des-
ignated Ordpvician, a8 appeared already from one of my own discoveries'6¢

This was written in 1905, the last year of his life$¥44 and after the discus-
sion, with Bailay Willis, of the resulis of the Caregie Expedition, this discus-
sion, as Willis tells us, cecurring in March 1905, Tt must therefore be regarded
as the final expression of von Richthofen’s views wilh reference to the limits
of the Sinian system. He was willing -to include the Ordovician with the
Cambrian in his Upper Sinian but Lower Sinian he was determined to reiain
for the great series of conformable sediments below the Cambrian.

In the discriptions of the formations of southeastern China in the
third part of vol.- III von Richthofen frequently used the term Sinian for the
oldest sediments met with. The manuseript of this section, we are told by the
editor, Dr. Ernst Tiémen, was the least advanced of all those left by von
Richthofen, no work having been done on it after 1898, and perhaps not after ‘
1893. Tt ix thorefore, not & final expression of von Richthofen’s view, and
his inclusion in the Sinian of rocks now known to be of various ages, can not
affect the guestion before us. In the deiermination of the Sinian, as under-
stood by von Richthofen, the last section of Vol. ITI must be left out of
congideration.

YIL. Tae Smvran as UsHn sy Bany Winnea.

In their monumental work, in which are recorded the observations
snd conclusiong of their atudies of the geology of parts of China, made in
1903-04 under the auspices of the Caunegie Institution, Bailey Willis and
Elliot Blackwelder, deliborately npplied a different meaning fo the term

4 Disconformity, in presont day usage.
49 According to the determination of Em. Xeyser (remark by E. Tieasen).
440 This refery to the discavery of “Orhoceras’ (Actinocerax richthofini) at Hainu-Sérr in
Linutong (vol- II p. 99) already noted in this paper,
$§4§ Ferdinand, Freiherr von Richthofen died on Octoper 6, 1905,
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Sinian, from that employed by von Richthofen. Recognizing the preCam-
brian age of the greater part of the series thus designated by von Richthofen,
they exoluded this from the Sinian of their definition, whils at the same time
they iucluded as an upper member the great Ordovician limestone series,
which von Richthofen 80 consistently ezcluded from -bis ystem. Thus the
Sinian system in the Willis-Blackwelder sonse comprises the Cambrian and
Ordovician formations of north China.

Wills slates his position in the following sentencest :

“The name and s application. Sinian w_ras- brst applied - by
Pampelly to the provailing structural axes of eastern Asia ,- which trend north-
east and southwest. It was adopted by von Richthofen to designate & series
of conformable strate which exhibit folds having the Sinian direction. They
are chargcterized in part by Cambrien fossils, but were believed by him to
extend downward below the bass of the Cambrian and at the top to include
part of the Ordovician $% The term is here used to designate the Cambrian
and Ordovician sirata to which he applied it$¥ but those limestones which
underlie the lowest fomiliferous Cambrian are exeluded, after conforence and
agreement with von Richthofen himself.!” -

One might be pardoned for doubting whether the venerable geologiat
to whom we owe so much of our knowledge of Chinese geology, would have
been persuaded to assent to this exclusion of the principal part of his Sinian
system, had the significence of such assent been fully clear o him at the time.
For it must be evident that if Sinian is used as synonymous with Cambro-
Ordovician in China, the term is doomed to inevitable relegation to the Limbo
of outworn and Iorgotlen- temporery formation names, usaful for a time in
expressing the incompleteness of our knowledgs, but of no further value when
eystematic study is once under way. Chinese peology bas progremed beyond

4 Resenrch in China, ‘Vol. IT, Bystematic Qeology, by Bailey W:]ll.s W‘uhlngton. .Tuly
1907, p. 965 et seq.

4% We have seen that the inclugion of Ordovician strata was due chleﬂy to mmpprehen-
sion as to their ege, or, where he recognized their Ordovition age, as in the case of
the Hsiau S8rr section, becauee he believed them to bo distinet from the great mass
of Ordovician strata, which to him were representative of the Carbonifereus limestone.

$%% This is misleading, as Wills includes the greal mass of Ordovicizn strats which von
Richthofen exeludéd from his Sinian syitem, )
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- this prelimilary stage and we have no longer any doubt regarding the limita-

. tioﬁ"s of the Cambrian and Ordovicien in north Ghina, and where the exact

‘lino of separation of ihese formation has not yet been ascertained, because of

cursory and superficisl examination, the well-known term Cambre-Ordovician

fully covers all the nesde of temporary nomenclature, and expresses the facls

go far ag known. Moreover it i8 now kumown that the Cambrian and Ozdo-

vician ard sepatated, in some paris at least, by & marked disconformity and .
& hiatas of still undetermined magnitude. Again there is accumulating

ovidence that the Ordovician itself may bo divided by a histus, as it i5 in

Furope and North America. ’

That von Richthofen’s consent to the restriction and upward sxten-
gion of the meaning of his systemic term was not given because of his conver-
sion to the views of the Carnagie geologists, is fully shown by the fact, that
after this consuliation he deliberately reéxpressed his views in the fostnote
already quoted (in traunslation, p. 68) and once more defined the Lower

" Sinien. a3 inoluding the unaltered sediments below the Cambrian (accepﬁng
-Bailey Willis' reférence of this part to the Algonkian). The Upper Sinian he
begins with the Cambrian and accepts its extension into the Ordovician.
Thus it would appear that the essent which he gave to the change proposed
By'Wil]iB wag, on reflection, withdrawn, this withdrawal being couched in the
courteous form of & restatement of his adhesion to his original definition.
This of course Dr. Willis did not know, because the third volume of ““China™
in which this footnote occurs, appeared & years after the publication of the
results of the Carnegie Expadilion. 'Had he known, it, I have ﬁo.doubt, he
would have resiricted the term Sinian in the only way'c‘:OnsiB'tont with von
Richthofen’s visws, namely to the Lower Sinian.

Willis stresses the fact, that there is usually an unconformity at the
base of the red Manto shales. What he means is that there is usually a
disconformity,* for in the best known séctions the strata are parallel, though
Willis gives & columnar seclion sbout 4 miles south of Tung-yii, Shansi (vol-
I, p. 139 fig. 33) in which he represents an unconformity and he describes
‘these formations as having different inclinations. Hence he says ‘““We are

A torm ol subseguent introdoctien.
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Sinian, from that employed by von Richthofen. Recognizing the pre-Cam-
brian age of the greater part of the series thus designated by von Richthofen,
they excluded this from the Sinian of their definition, whild at the same time
they iucluded as an upper member the great Ordovician limeslone geries,
which von Richthofen 8o consistently ezcluded from his syslem. Thus the
Sinian system in the Willis-Blackwelder sense comprises the Cambrian and
Ordovician formations of north China.

Wills states his position in the following sentences

“The name and ils application. Sinian was first applied by
Pumpelly to the prevailing struciural axzes of eastern Asia, which trend north-
east and southwest. It wes adopted by von Richthofen to designate a sories
of conformable strata which exhibit folds having the Sinian direction. They
ate characterized in part by Cambrian fossils, but were believed by him to
oxtend downward below the base of the Cambrian and at the top to inolodp
part of the Ordovician.¥¥ The term i here used to desiznate the Cambrian
and Ordovician strata to which he applied it¥#¢ but those limestones which
underlie the lowest fossiliferous Cambrian are excluded, after conferenca and
agreement with von Richthofen himsslf.?* -

One might be pardoned for doubting whether the venerable geologist
to whom we owe so much of our knowledge of Chinese geo]og-y, would have
bean persuaded to assent fo this exclusion of the principal part of his Sinian
Bysterst, had the significance of such assent besn fully clear to him at the time.
For it must be evident that if Sinian is used as Bynonymous with Cambro-
Ordovician in China, the term is doomed to inevitable relegation to the limbo
of outworn and forgoilen temporary formation names, useful for a timo in
expressing the incompleteness of our knowledge, but of no farther value when
eystemalic study i3 once under way. Chinese geology has progressed beyond

{4 Research in Ching, Vol. II, 8ystematic Qeology, by Bailey Willis Washington, July
1807, p. 95 et seq. Tt '

4% Wo have secn that the inclusion of Ordovician strats was due chiefly to misapprehen-
tion as to their age, or, where he recognized their Ordovidian age, agin the case of
the Hsiau 85rr ecction, because he believed them fo be digtinet from the greut masy
of Ordovician strata, which to him wers representativa of the Carboniferous limestona.

449 This iv misleading, as Wills inclodes the great masa of Ordovicien strata which von
Richthofen excluded from his Sinian syitem. :
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thm prelimilary stage and we have no longer any doubt regarding the limita-

hons of the Cambrian and Ordovician in north Ghins, and where the exact

- line of separation of these formation has not ye been ascertained, because of

. cursory and superficial examination, the well-known term Cambro-Ordovician

fully covers all the needs of temporary nmomenclature, and expresses the facts

go far as kmown. Moreover it i8 now known that the Cambrian and Ordo-

vician ard seperaled, in somoe parts at least, by s marked disconformity and .
o hiatos of still undetermined magnitude. Again there is asccumulating

svidence that the Ordovician itself may be divided by e histus, 29 it is in

Turope and North America.

That von Richthofen’s consent to the restriction and upward exten-
gion of the meaning of his systemic term was not given becsuse of his conver-
sion to the views of the Carnagie geologists, is fully shown by the fact, that
after this consuliation he deliberately redxpressed his views in the footnote
alrcady quoted (in transletion, p. 68) and once more defined the Lower
Sinian as inoluding the unaltered sediments below the Cambrian (accepting
Bailey Willis’ reference of this part to the Algonkien). The Upper Sinian he
begins with the Cambrian and accepts its extension into the Ordovician.
Thus it would sppear that the assent which he gave to the change proposed
b}' Willis was, on reflection, withdrawn, this mthdmwal being couched in tha
courteous form of a restaternent of his adbesion to his original definition.
This of course Dr. Willis did not know, because the third volume of ‘‘China™
in which this footnote occurs, appeared 5 years afer the publication of the
resulls of the Carnegie Expedition. Had he kmown.it, I have 1o, doubt, be
would have restricted the term Sinian in the only way -consistent with vor
Richthofen's views, namely to the Lower Sinien.

Willis stresses the fact, that there is usually an unconlormlty at the
basa of the red Manto shales. What he means is that there is usually &
disconformily,® for in the best known seclions the strata are paralle], though
Willis gives o columnar section about 4 miles south of Tang-yi, Sbansi (vol.
I, p. 189 fig. 33) in which he represenis an unconformity and he describesd
‘these formations as having different inclinations. Hence he says ““We are

1 A term of subsequent introductien,
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In its earliest publication, (Bulletin I, Memuoir I) the Survey bhas
followed Willis in applying the term Sinisn to the Cambro-Ordovician rocks,
but this was due to the fact that the merits of the case hed mot yot been .
thoroughly considered. The usage of this term in those publications was
preliminary and subject to modification with the definite formulation of the
Survey pohcy. In tuture the term will be restricted as here outlined.

In thus restricling a term formerly more widely applied, the Survey
bas excellent precedent in the classical example of the restriction of the term
Silurian, a8 proposed by Murchison, to his Upper Silurian, and the separation
of his Lower Silurian under the distinetive gystemic name of Ordovician. No
one has thought it necessary to includs in the revised term Silurian the
Devonian of Great Britain, even though there is & marked lithic é.imi]a.rity
between the Upper Silurian -and the lower Old Red in some regions and there
may locally be some question as to the exact position of the dividing lina. It
is true, Barrando extended the term Silarian to cover all the fossiliferous older
Palxozoies of Bohemia, from the Middle Cambrian to the Middle Devonian,
but in this he has not been upheld. Again the attempt of some European
geologists to use the term in the Murchisonian sense and divide the larger
group into thlt_a Ordovician and Gotlandian, has not met with general favor.
If "this were ﬁdoptﬁd, the term Silurian would eventually go into discard to
the obvious great unjustice towards Murchison, and the loss of a gﬁo& and
well-known systemic term. If modification of older systemic terms hecomes
necessary, the policy of restriction is the only safe one, cartainly an oxiension
of the term to cover systoms which already Lave a well-known and definito
designation is bound to mcet with disaster. Such poliey -of restriction of .
Bystemic terms has been adopted by Ulrich and Sehuchert in their redefinition.
of the Palxozoic systems, though it remains to be determined whether the
restrictions they have advocated, and the separation of new systems, is dosir.
able. The separation of the old Lower Carboniferous as Mississippian, and of
the old Lower Cretdceous as Comanchean, are. other examples of restnchbn.
which are being gradully adopted by many stratigraphers, _

A mora limited example of retriction is found in ihe old term
Helderbergian, which originally included )l the Jimesiones of the Helderberg
mountains, from the Manliuz limestone to the Onendaga, The Manlius
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limestone is now clossed es uppermost Silurian, the term Helderbergian is
restricted to- the remaining portion of the old Lower Helderberg, i.c. the
Lower Devohian limestones of eastern North America,.while the Onondaga

limestone, ‘the original Upper Helderberg, is no longer degignated b)' that
neme, |

In the discussion of this subject-among S_urve'yl' geologists and othars
it hes. been argued that the application of the term Sinian to a geological
system—comparabla in value to Cambrian, Ordovician, Silurian, ete., meets )
with tho objection that it is derived from too large an area, i.c. the whole of _‘
China, whereas the. other. systemic names are derived from more limited
regions (Cambrian, Devonian, Mississippian, Jumésic) or from names of tribes .
which formerly occupfad 8 limited region. This can not be urged as s very. - :
strong objection to & good name, especially when it is realized thet this systani
is one of the most wide-spread in Chins. Moreover-we have already ;doptéd
8 name in etratigraphic literatore derived from a country of similar extent.
This is the term Canadian, which is applied to one of the subdivision of the
Ordovician system, and which Ulrich has proposed to separate as e dislinct
system from the Ordovician, Thus this objection falls to the ground, in the
face of a wall established precedent, '

The fact that the Survey decides not to follow Willis and Blackwelder
in fulure in the use of the term Sinian, does not in any way imply that it
undervalues the work of theso workers in Chinese geology. The place of the
Carnegie eologists, in the history of Chiness geology is established, and
their work will remain with that of von Richthofen and Loczy, the point of
departure for all future researches.

X. PFossis or THE SnviaN Rocxs or CHINA,

ﬂp to the present tims nofthing has been obtained from the rocks of
the Sinian eystem whichb can with positiveress be referred to known animal
types. There are however structures which are without much doubt referable
te- calcareous alge of the type‘found n the limestones of the Belt terrane of
Montanas. These have been observed at various localities.

In the Ta-yang limestone Willis found "..........cum;d and minutsly
contorted lamin® of fint, the contortion of which appears to be independent
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of local deformation of the strats”. He remarks: Similar bands have been
noticed in the Siyeh limestone of the Belt formation, Montana. They are
noted by Loezy s oceurring in the Nan-shan sandstone of Tibet. Similar
forms, described bv Stose in Cambrian limestones of the Appalachian valley,
are classed as Cryplozoos proliferum Hall. Whether the peculiar stractures
are in some cases mechanical or organic is not known, but they bave a long
range from late Protervzoic [Sinien] to Ordovician. They have not, however,

been seen in the Sinian [Sinian in the Bailey Willis sense, i.e. Cambro-
Ordovician]™.¢

The first undoubled examples of these structiires obtgined from the
Nankon limestone, were colleeted by Dr. J. G. Andersson in the canyon of
the Hueng-Ho in Wan-P’ing-Hsen southern Chihli.

Subsequently during s reconnaisance journey made through the
Naukon pass and the Kalgan region Ly the auther as the guest of the Third
Asiatic Expedition, in. company with Messrs. Morris, Barbour, Pope, and Sun.
we discovered these forms plentifully vepresented in the massive limestone i in
the quarries opened in these rocks, as well as on loose wenthered Jimestone
masses in several portions of ilic gorge. Al these forms a.ppareutly belong to .
the same species which is provisionelly referred to the genus Collenia under
the name. Collenia sinendis, sp nov. During November 1922, the fourth yea:
students in stratigraphic geology and palcontology at the National University,
Peking, made a detailed survey of the Nankou pass region under the direction
of Prof. J. 8. Les. During this survey, they not only located tho horizen of
C. sinensis in the limeslone series but also discovered two other species, each _
characteristic of a distinet horizon. These are Collenia eylindrica, and -

Collenia angulaia, the Tormer oceurring helow, the latter above the horizon of
C. sinenss.

It has not yet been possiblé 4o prepare thin sections for detailed study
and (he plesent disgnosis of these forms is based solely on their macroscoplc
characters; wetich are, howypver, sufficiently distinet to permit readv soparation.
The generic referance in sll cases is provisional and its exact determination
must await deteiled study in the future.

4 Resesrch in China Vol. 11 1, 9
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PROVISIONAL DIAGNOSIS OF SPECIES.
i COLLENIA SINENSIS Gralav (gp. nov.)

Spl;eroidn.l masses of somewhat variable regularity of form snd struet

ure, composed of concentric layers of ealcium and magnesinm carbonate
~with the general aspect of 8 Cryptozoon, and attsining a dismeter of a foot ox
~ over, in the larger specimens: -

The concentric lamin® are slightly undulating, this undulation being
" subregular, so as to give the upper surfaces of the lamina the appearance of
-baing covered with broad low subregularly placed pustules, and the lower
surface a correspondingly pitted appearance ‘

On the weatheted sections the laminz appear to ke fine and rather
regulay. In some aections there may be five layers to the millimeter, in others
apparently only three. Again in & spaimen from the Hueng-Ho gorge,
layers of dark dolomite, about 0.5 mm., thick, are separated by layers of \white

dolomite 0.2 mm. or less in thickness, Masasive apecimens from the Nankou

pass show & marked alternation of black and white layers or strata, all ap-
parently of dolomite. The black straw are mostly abont 1 mm. thick, and
the while layers from 2.5 to 3mm. In siill others the relative thickness of
the black and while layers is reversed. These are probably variations due to
conditions of preservation or subsquent alteration. These thicker layers or
strata are in turn composed of finer lamina, thess being often visible even
on fracture surfaces. More rarely, in the specimens so far ohtsined, is there
an alternation of dolomitic and cherty layers, each from one to two millimeters
thick, and arranged in a regular concentric manner. It is possible that closer
study will reveal differences in mnicroscopic delail, associnted with these appar-
ent differences, and thus compell us to divide this group into several species.

The form is commun in the massive beds ol the Nankou pass, and
in the canyon of the Hueng-ho. At wesent it is definitely known from only
one horizon, but the fact that blovks flimestone with this fossil are plenti-
fully scatteved through the valley, suggest that it may have a greater vertical
distributinn than is now recognized.

COLLENIZ CYLINDRICA Grabru {(sp. nov.}

This species differs from the eceding largely in the :panuer of

growth, which i3, however, strikingly distinct. In general, this method of
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growth may be said-to be stalagmitic, the individual masses growing by a
cap-like addition af the top, whils the circumference increases comparatively
to only a slight degres. The specimens are commonly silicified, and in
consequence weather out in relief upon the surface of the limestone. They
then appear as cylindrical masses projecting at right angles to the stratification
planes. Some of them have bebn found to be a foot or more in length, but the
avernge -is much less. The diameter of an avarage specimen is sbout 10 cm.
but larger and smaller masses occur. The macroseopic structure is essentially
88 in the preceding species, sirats of light-colored (white)  meterial (mostly °
silica) with a thickness of two to two and a half millimeters are separated by

layers of black (chert) ranging in thickness from a mere line, to half a
millimeter or more. . '

This species is’ common at a horizon below tbat in which occurs
C. sinensis. Tt has so far only been obtsined from the Nankou pess region

where it was collected by students in ‘geology, in the National University, -
Peking. "

COLLENIA ANGULATA Graban (sp nov.)

This species foo, is based upon the genemli form of the calcareous
mass, which serves readily to distinguish it. No complete specimen has been
obtained, but the fragmente indicats that it has in general the form of a giant
nummuloid with rather strongly compressed margins, where the luyers meet
at an acute angle. Indeed, one might be teirpted to compare a section of this
gpecies with that of a g'iga.nt-ic Nummulites so far as the gerioml.appaaranea is
concerned.

‘This structure is not regular, howavéi‘,' for one or both sides may
rise in the form of & rounded dome as in some species of Orliioides Thia n;a)' ‘
bé very abrupt, so that the outer surface is strongly concave above \and below
and the cvropressed periphery appears like a projecting median flange. The
stracture shown on fractured or polished surfaces is, as in the _oL'}.mr speeies, Ln-
alternation of black and white layers, the former from 1 to 2 mm, and the )
latter from 1.5 to 3 my, in thickness. The concentric layers in this form St:.il;!m
to be less reguler than in the others, changing in thickness in an undulating
roenner. ' | '



A. . Grabau—"The Sintan System 79

This spe_cies is Jess common than the others. Ib occurs in the
highest horizon -in which these. bodies have so far been found in the Nankou
limestone at Nankou Pass; B '

XI. TrE Srran SYstrs I8 orHER PARTS OF THE WORLD, |

If, the Sinian represents a distinet system in the .stmtigraphic
sequence, formed during a dislinet time period, the Sinian, we would expect =
it to have: representative depositd in other parts of the world. True, the lack
of fossils or the non-marine character of thogse that are found, would make
determination of exact equivalency difficult, if not impossible. But the
unique posilion of the strata of this system, between the known Cambrian at
the top, and the more or less strongly metamorphosed Algonkian balow, would
form at least one very distinctive basis for correlation. Next, the fact that
the Sinian strata are as a rule but little or not at all metamorphosed (in the
usuz] sense of that word) and that they have seldom suffered strong disturb- -
ance before the deposition upon them of the Cambrian and higher strats,
furnishes another serviceable basis for correlation. TFinally the fact that they
are generally seperated from the Cambrian strata by & disconformity, or a
moderate uncanformity, while their relationship to the underlying Algonkian
Tocks is a pronouncedly unconformable one, also serves the purpose of correla-
tion. Any ope of thess. criterin, by itself, would of course-be of little value
in correlation, bot if all three oceur toéather, the evidence of time relationship
would seem to be as strong es can be obtained in $he absence of distintive
organic remains. In seeking therefor formations of Sinian age in other paris

of the world we will keep these three criteria of correlation in mind.

A, TIHE SINIAN SYSTEM IN NORTIT AMERICA.

Belt Terrane of Montane efc. That the Belt Terrane of the noth-
western United States represents a group of formations of assentially the same -
8ge equivalent as the Sinian formation of China bes generally been regog-
nized. Beiley Willis says in his description of the Hu-to formation of rocks
of Shansi: '“The nearest relations of the Hu-t’o system are with the Belt
terzane of Montana, and it is probable that pre-Cambrian fossils such ns have
been found in the Belt may eventually be discovered in the Hu-t'of

¢ Research in China Vo), IT p, 7. Sueh fossils have since been fomnd in eqoivalent
deposits elsewhero in Chine.
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To this Waleott adds the remaris “In the abovs quoted pamgraph
Doctor - Willis unconsciously gives s stfong argument -1or the non-merine
origin of the rocks of the Hut'o system, when he 8ays that the preseice of a
rich faune in the Sinian [Cambrian] seas distinguished that period from the
‘preceding (Hu-t'o) time. It was the absence of marine life and the charactar
of the sediments that led me toconclude that there were no marine deposits
on the porth American continent (nor probably on sny of the continents)
representing the Lipalian mterval. or the interval batwesn the fossiliferous
Cambrian formations and the period of the development of t.he early pre-
Cambrian marine life along the shores of the continents’$

The Hauto, like the Belt, is regarded by both these authors as a non-
marine formation, but the Nankeu liraesione was regarded by Willis as
probably marine. He eays: “The greater part of the Nan-kou system in this
northeast - southwest trend is siliccous limestons, which from its extent and
unugusl thiekness, is obvionsly & marire deposit.'” To this I would remark
that the marine character of this formaticn has not been. proved, and in the
absence of undouhted marine fossila is ektremely nnlikely; moresver it must
be remembered, that the Belt terrane contains a large development of lime-
stone, which is unhesitatingly referred to a fresh-water origin by Walcott,
Such is most likely the origin of the Nankon' and other limestonoes of the
Chinese Sinian, as is indeed indicated by the fossils found.

The Belt series which has an aggregate thickness of 37,000 feet, is
disconformably succeeded by marine Middle Cambrian forumtions, and rests
with a pronounced unconformity upon the older rocks. These are in sl
cases highly metamorphosed, while lhe Belt series i3 no more altered. than
are the succeeding Cambrian stratn, According tw all the available criteria
* for correlation then, the Belt terrane shonld be referred to (e Sinian
System.

The Uinta Quartzite Series. This sories of straia lies within the
same ancient geosyncline im which the Belf terrane was deposited, but to the
south of it. being chiefly confined to Utsh, where it fofms the core of Lhe .
Uinta Mountains. It represents a graat alluvial fan of sand and peblles with

& sbid, Vol. 1L pp. 20-30.
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soine shales,‘ which apparently was formed chiefly by rivers flowing weslward
from a highland, which lay where now are the Front Ranges of the Rooky
Mountaing. Tts thickness reaches 14,000 feét, and it resta with.a profound
anconformity upon the metamorphie old rocks ( Archmaxr). The series is no
more metamorphoged than sre the succeding Cambrian rocks which are separ-
ated from it by« disconformity. Being a puisly clastic continental formation
it is probably unfossilifercns throughout. According to all available oriteria
then, the Uinta quartzite belongs to the Sinian System.

The Grand Canyon series. Still farther south, in the same geo-
syneline, another deposit is met with below the Upper Cambrian Tonto sand-
stone. This is the gories shown in the walls of the Grand Canyon of thu

 Colorado in northern Arizona. This series, which in the lower part conpists
of Ted sandstones, and of dolomites, with basaltic layers both at the base and
at the top, (Unkar formation) and in the upper part of sandy shales and
limestone (Chuar formation) rems ¥ith a violent unconformity upon the older
TocKE, and is separated by = second very moderate sngular unconformity, bu
a pronounced ercsion hiatus, from the upper Cambrian sandglones. Because
of the glight tilting of the sirata and the profound erosion, most of which
probably was accomplished during early Cambrien time, the Iate Cambrian
Tonto sandstone rests upon various members of the series and in places upun .

the old goeiss. Tn spite of the great erosion, there still remain some 12,000
fect of these strata.  So far as the fow orgenio remains which have been found
permit us to judge, the series is of continontal origin. ‘ '

In gpite of the fact that there is here a {rue unconformity between
the Cambrian and the older series, the Grand Canuon series is referred to the
Sinian system, for it has sl the other characters which indicate thet strati-
graphic position. The moderate tilling of the sirate bears ue comparison
to the profound folding and metamorphism of the older rocks upen the
eroded surfaces of which they Test. Nor -doed the extensive erosion of these
rocks indicate a longer time interval between their deposition and the begin-
ping of Cambrisn time then 15 shown elsewhere between the Binian system and
the Cambrian, becausa much of this erosion went on. without doubt, during
Cambrian time.



82 _ Bullelin of the Geological Society of China

The Keweenawan Series. ‘This is found in the Lake Superior region,
where it is especially well exposed on the Keweenaw peninsula of Michigan,
It underlies the Uppar'CambriE;.n (St. Croix) sandstone disconformably and
c-olnsists of conglomerates, coarse, red and white sandstones with interbedded
conglomerates, and shales, with some thin beds of limestone. The sandstones
ara often feldspathic, indicating relatively dry climate during their formation.
This is also -indicated by the red color of the shales and the abundant mud--
cracks which oceur in them, TInterbedded with the sediments are vast shiests
of basic lavas (basalts, melaphyres eto.) and some rhyolitic rocks. Some of
the mnéhmam‘.tes are derived from these oonteuipomnaous Javas. "The silver
ore and native coppér of the region ig largely found in the igneous rocks.
The formation which is of -grea.t. thickness is of continental origin and has so
far furnished no foasils.. Considering sll the known characteristics there scems
littlo doubt that the Keweenawan is referabla to the Sinian system. ¥ _

The Avalon Series. This is known from the Avalon peninsula of
eastern New Foundland and consists of at extensive series of quartzites, slates,
and other rocks, only slightly metamorphosed, and earrying in some cases
indistinct organic remains. The formations have been moderately arched and
truncated by erosion, and upon the eroded edges of the older rocks lie the
marine Lower Cambrian strate of the region.

These formations may be older than those previously described, and
their reference to the Sinian System is more doubiful. The greater ege is
indicated by the fact that arehiny and extensive evosion of tke strate precaded
the transgression of the Lower Cambrian sea, and by the fact that the strata
are slightly metamorphosed. On the other hand they may represetit an
earlier member of the Sinian System.

B. THE SINIAN SYSTEM IN EUROFPE.
The Torridon Sondstone. In the northwestern part of Scotland, the
Lowisian gneiss of Archaan age is unconformably succeeded by an enormous
thickness of clasiic strata, which consist in large measure of arkoses and con-

#*  Both Lawon nnd Laie include the Keweennwen in the basal Pslaozoic, the f[ormer
alsa including the Animikian in that system. (Lawson, A, (i Univensity of California
Poblications, Bulletin of tho Department of Geology vol, X, ne. 1. pp 1-19, Apr. 27,
1918. Lane A.C. Americsn Journal of of Science, vol XLIIL, Jan. 1817, table ovp p.
18,
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glolmeratqs', and of red sandsiones and shales, all of continental origin. These
form the Torridon sendstone of the British geologists, and they represent a still
almost unmetamorphosed elastic series, which is bat litfle distarbed, though
. locally“ji saffered much erosion. Upon it lie Lower Cainbrian (O!eﬁeﬂlu.s)
~ beds, with which they form only a slight angle of dISCOI'dBDOB All their
characteristics point to a late pre-Cambrian age and they a.re u.nhemtatmgly
‘referred 1o the Sinian System.

h The Jotnian and Jaiulian series. In Finland the youngest pre-
Cambrian straia which underlie the Cambrian disconformably, consist of but
slightly altered quarizites and ripple - marked sandat-ones, copglomerates and
clay slates, (Joinian seﬁes) eut by intrusives, and baving a thickness of
sbout 2000 metars. These appear to be referable to the Sinian - system.
Underlying these is an older series, the Jetulian, of similer thickness, which
was slightly folded, and suffered erosion beforé the depasition of the Joinian
serfes. This includes clay-shales and bituminous'shales with & bed of anthra-
cite copl two meters thick, and in addition comprises do'[omltos quartzites and
conglomerates. with intrasives. Some of the sediments are characterized by
ripple-marks and mud-cracks. These rocks are little altered, and sometimes
gtill nearly horizontal, They rest with a violent 'm-lcon.furmity upon the
metamorphic Kalevian series of early Algonkian age.

The Jatulian may be referable to the early Sinian, or it may be of
pre-Sinian sge, the Iatter being more likely, but the Jotnjan sesm3 1o be of
Sinian age. '

" The Biri limestone of Nor-'\;my and associated rocks may also be of
Sinian age, though they mey also represent 4 younger horizon.$
) ¢. OTHER SINIAN DEPOSITS

The Nanteu Tillitz. Returning to China we may suggest that the
Nantou tillite of the Yangtze region most probably belonge to the Sinian
‘systern, If so it represents ihe only known glacinl deposit of the Sinian
peried, though it is not impossible that the silimar ancient glacial deposit of
Australia alse bolongs here. The Glacial tillites of Canada may also belong
to the esrliest Sirian, though it i8 porhaps most likely that they are pre-
Sinian.

4 Bee A. W. Grubsu Bull. Geol. Soe America Vel, 27 pp. 670-572 1916.
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XII. SYsTEMIC AFFINITIES OF THE SINIAR SYSTEM,

The formations here included in the Sinian symem have almost
always been placed in the Algonkian or lafe Proterozoic division of the rocks
of the earth’s crust. The well-cstablished usage of beginning the Palmozoic .
group of pystems with the Cambrian, brought with it the referemce of all
pro-Cambrian rocks to a pre-Paleozoic division of the earth’s history There
bave, however, heon students of these rosks to whom their general character
and the nature of their orgenic remning have suggested & much nearer relati
to the Palwcozoic than to the preceding roek sories, and some of these, nota’

Lawson (1916) and Tane (1917) have placed a member of them in it
Palavozoie.

When compared with the older Algonkian rocks in the same region,
they present a contrast so provounced, that the conviciion, that these twp
can not belong to the same great time division of the earth’s history, is irresist-
ably forced upon us. Thus the rocks of the Wutai syatem, probably the true
Algoukian series of northern China, are biotite and chlorite schists, gneisses
and warbles, with garnets, staurolites, and other minerals, the whole mass
being intensely folded and" subjected fo thrusis, with the production of
igoolinal structure. ‘The period of disturbance, here represented, was one of
the mester periods of deformation which effected our earth. Bailey Williy
eays of it: ““This period of orogeny was for the provinces affected equally as
important, apparently, as the intense orogenie disturba.nm which mark the
Permo-Mesozoic period in central Asis, and the western United States. It
wag very possibly an incident of a period of dinstrophic activity such as elosed
the Palwozoic”.} and again: ““After the Wutai sediments had been deposited
they wero folded, depressed by folding or subsidence to a notable dnpﬁa,
intraded by large igneous masses, and deformed under great pressure, so that
their original structure was replaced by schistosity, snd their constitwents
were recryslallized. - The Hu-t'o rocks suffered none of these cha.ngqs.' Thoy
wore cieposited only after the schists had besn exposed by uplift a.-nd'c]eep
erosion. Obviously an interval of the first magnitude intervened.’'§

¢ Loc eit: Voi. IT p. 30. ) -
§# Loc.cit. p, ¥- ,
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“ Not so in the case of the Sinian deposits, in the sense in which that
term ia here used. Though separated by & disconformity, or locally an uncon-
formity, from the Cambrian, this is no -more pronounced than are local
anconformites within the Palzozoie, such as that between the Hudson River.
(Oidovician) snd Shawangunk or younger Silurian beds in New York and
Pennsylyania, that between the Cambro-Ordovician Shinston shales and the
late Ordovisian of western England, that between the Siluro- Ordovician and
the old Red Sandstone at Sicear Point in Scotland, or that beiween the Ordo-
vioian and the Mountain Limestone (Dinantian)in the Pennine range of nerth
England—to cite only a fow well-known examples. Baiely Wills deseribes
the relation of the Cambrian and Huto-Nankou sirats in the following
words:

“The lagt event of the Proterozoic [Sinian] (pre-Sinian) [pre-Cam-
brian] ers was a movement which is recorded in folding of the latest pre-
Cambrian sediments: although possibly a local phenomenon of the littoral
zome, so far as yet known, it oceasions a decided unconformity of structure in
the Wu-tai district and is represented by en erosion interval, [disconformity]
@ven where there is no known discordance of dip with tbe Sinian [Cambrian].
Tt is consequently regazded as an interval of sufficient importance to distinguish
the Hut'o or Nan-kon system [Sinian system] of the Proterozoic [early
Paleozoic ors] from the Sinian [Cambro-Ordovician] system of the Palmozoic
era.”’d  Again be says: ‘“The movement [at the end of the Huto-period] did
not compare in intensity with that which cloged the Wut’ai period; and even
though it should ultimately be found to have affected an extensive belt, we
can not assign to the epoch of deformation and consequent erosion & duration
at all equivalent to that of mid-Proterozoic diastrophism® .8

Another point that has some significance in the. classification of these
rocks, i their development within the same geosyncline in which the Cam-
brien and younger Palmozoic beds wers laid down. ~ Thus the distribution, of
the Sinian of northern China falls within the region in which Cambrien strata
are developed, though these overlap the borders of the Sinian deposits both to
the northwest and the sontheaat. True, therc was erosion of the Sinian strata

& Loc. cit. pp. 30-81 The emendations in square bracketa are added by me.
%% Loc. cit. p, 20.
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before the deposition of the Cambrian, probably in early Cam'[?i;iu.n time, but
there i no evidence that this was profound enough to remove the Sinian from
oxtensive areas in which it was deposited. The Wutai aystem too is found
.ehleﬂy within this -same area but the Wutai rocks are known to have suffered
extensive erosion after folding, and their former extent can only be con-
jectured. The reason for their -preservation within the area of the Sinian-
Cambro-Ordovician geosyncling may be found in _the early formation of this
geosynchne and the consequent depression of a part of the Wutal syntem balow
the level of erosion.

The well-kmown oceurrence of the pre-Cambrian rocks of western
North America, here included in the Sinian system, within the ‘geosyneline in
which the later Palmozoic strata were deposited, though not everywhere in
the same part of this geosyncline, further shows that they belong to the time

period in which the physieal conditions characbermhc of the Palweozoia, were
established.

It must be evident, that the classifying of the Sinian system (in our
sense) in one division with the Wutai system, from which it differs in all jta
lithic and structural characters, and its unmatamofphosed condition, end from
which moreover it is separated by & bresk of the first megnitude, and the
saparation of it from the older Palwozole rocks, with which it is for the mogt
part couformable, though separated by an erosion break, or locally by a minor
unconformity (such es is repeatedly found in the Palreozoic), and with the
strata. of which it has moreover the closest lithic affinities, can be due only to
deference for the accepted view that the Palzozoic begins with the Cambrian,
and that all pre-Cambrian. rock are ipso-facto pre-Paleozoic. If these sirata
carried marine fossils of Pal®ozoic types, though distinct from the Cambrian,
no one would hesitate ‘to class them in a new pre-Cambrian system within the
Pelzozoic  The absence of such fossils is explained by the continental origin
of these rocks, including the limestones. Yet no one would be w:llmg o
assert, that this is a safficient reason for excluding them from the Palzozoie,
bacause we recognize that they are continental representatives of-g group of
rocks deposited in the oceans of that time, and which we have not y;at found,
and may never discover. Moreover, the fossils that have been found in



4. W. Grabeu—The Sindan System 87

rocks which clearly belong to this system in China as well as in other parts
of ihe.world, sre of undoubted Palzozoic affinites. This is true of the
eurypt-erid Belting danai found in the Belt series of Montana, for this class of
Merostomes is known to be otherwise confined to the Palmozoic. The calcare-
ous alge of the Nankou limestone as of the limestones of the Belt formation
turthermore have their nearest affinities with the Cryptozoons of the Ordovi-

cian, and the same is true of other organisms.$

Tf we consider the fact that the trilobites, undoubtedly the most
characteristic organisms of the Palzozoio, were already highly developed in
Cambrisn time, whare indesd they approached very closly to the acme of their
dovelopment, we must allow that a long time period preceded the Cambrian in
which- this development took place. Bot if rocks with: older types of trilobites
than the Cambrian were found, we should gtill class them as Palzozoie, from
which it appears that the Cambrian cen not be ipso facto Tegarded as the
beginning of the Palzozoic. Indeed from & purely biological point of view,
we should probably not be’ far wrong in classing it nearer the middle than the
beginning of the Palzozoic. Thers would thusseem to be ampie room for
the inclusion of Pre-Cambrian systems in the Palzozole, if the rocks of these
systems, and their fossils, if found, show Palzozoic affinities.

Nor are we without precedent for such a downward exiension of a great
division of the earth’s crust, if precedent were desmed desirable. The
Pelzocene, now very generally accepted as an older gystem in the Tertiary or
Cenozoic series, which formerly was regarded as beginning with the Eocene,
is a case in point. But even if we lacked such a precedent, the overwhelming
evidence in favor- of the Pal®ozoic affinities of the rocks of the Sinian system,
ghould determine us to remove this system from the Algonkian or Proterozoio,
and inclode it in the Palzozoic. '

The ravized base of the Palzozoic then would be as follows:

4 1 recall baving been shown several years ago by tho late Prolessor A. Rothpletz, some
crusiracesn remaing, probably phyllocarid, which he collected in the rocks of the
Crand CaBén series in Atizone. Professor Rothpletz pronounced these as unmistak-
ably of Palmozoic types, and in this pronguncement I fally concurred.
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Palaozoic

Pormian Permie
o or to
Devonian { Devonic

Silurian or Siluric
Ordovician or Ordovicie
Cembrian or Cambric
Sinian or Sinic






