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Research of the Devonian System of Qin—-Ba Region

within the Territory of Shaanxi

Abstract

This book consists of the following main parts, stratigraphic characteristics
and  districts,  biostratigraphic features, stratigraphic correlation  and
discussions on the boundaries, features of facies and palaeogeography, mineral
deposits in the major layers, and descriptions of the fossils,The highlights in
each part are as follows,
introduction,

The Devonian strata are widely distributed in the Qin-Ba region in the
boundaries of Shaanxi province, one of the areas where the Devonian was we-
ll-developed, According to some basic principles, such as lithofacies, paleonto-
logic facies, stratigraphic sequences, tectonic processes, sedimentary ore depo-
sits and thickness variation, etc, two depositional provinces, four sub-provi-
nces and four small districts can be identified. Through synthetic studies, the
stratigraphic system of each small district is re-established or made perfect,
and some stratigraphic names and definitions, which were misused in the past
geologic practice, are also supplemented, corrected or renamed with new mea-
nings.

Characteristics and division of the strata

As described above, there exist four small depositional districts, that is,
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Lueyang district, Baiyun-Zhashui district, Kiagaochuan district, and Fengxian-
Kunyang district, in this region.However, it is not easy to make detailed rese-
arches on the Devonian system occurring in the first three districts because of
the scarcity of fossils, the imperfect strata and the complex structures invo-
lved, so quite a few problems have not been solved for the time being. [n co-
ntrast, the Devonian of the Fengxian-Xunyang district is not only well. deve-
loped and fossiliferous but also characterized by its distinctive structures .of
each stratigraphic unit, its continnouus outcrop of the profile and clear strati-
. graphic bountary surfaces, and the facts make the place become an. ideal one
where a comprehensive study on the Devonian system can be carried out, The
Devonian is now divided into three serieses (the lower, middle, and upper) or
nine formationsin this district, and is the criterion of the stratigraphic division
and correlation all over the Qin-Ba region, Furthermore, this district is also a
unique area where the Devonian can be better correlated with the typical De-
vonian strata occurring in other places in China, ' '

The lower Devonian falls inte three formations in ascending order, The
strata possess relatively fewer fossils, begin with coarse-grianed clastic sedime-
nts and end up with magnesium carbonates, reflecting normal transgressive se-
quence,

Xichahe Formation (lower section) , its lower member is dominated by
cupreous psepholites, sandstones; the upper member by slates with intercalation
of dolomitic limestones,The total thickness is 140-189m. The main fossils are
present in the upper dolomitic limestones, such as Glossites cf, concentricus,
Grammysia sp., Cypricardinia sp., Edmondia Sp., etc.

Gongguan Formation (middle section), the lower member is thickly-stra-
tified dolomites containing Amphipora, occasionally interbedded with sericite-
phyllites; th upper member is thinly-and medium-stratified dolomites with
intercalatary dolomitic slate, The fossils present in the dolomites are Ostraco- .
ds Paramoelleritia subtrapezoidalisy Gasteropods Murchisonia of, loxonemoides,
The total thickness is 550-688 m. '

‘Lnogjiahe Formation (upper section), medium-stratified argillaceous lime-
stones and dolomitic limestones, with intercalation of slates,The total thickmess
is 27~181m. containing Brachiopods Furyspirifer sp, Athyrisina striata; Cora-
s Lyrielasma shaanxiensis, Sulcor phyllum longjicheense, etc,

The middle Devonian is composed of carbonates interbedded with clastic ro-
cks and subdivided inte, in ascending order, three formations, Shijiagou Fo-
tmation, Dafenggou Formation and Gudsaoling Formation.The interface between

them is conformable,
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Shijiagou Formation; characterized by medium and thin-bedded argillace-
ous biogenic limestones with interbeds of slates in the lower member, and by
thick-bedded dolomites and limestones as well as siltstones and slates in the
upper member, 153 m thick, containing Brachiopods Athyrisina heimi, A.ovala,
Aeros pirifer houershanensisy Corals Utaratuia ginlingensis, Sociophyllum ori-
entale, Breviseptophyllum kochanense, etc.The population explosion of living
things of different kinds in fhis formation shows an entirely new picture
of the beginning of a new geclogic period.

Dafenggou Formation, made up of iron-bearing sandstones and slates, inte-
rhedded with biogenic argillaeeous limestones, containing Brachiopods Athyrisi-
na minor, A, uniplicata; Corals Syringopora eifeliensisy Fishes Placodermi.
Total thickness is 214-1018m., '

Gudaoling Formation; meidum-stratified biogenic limestones with intercala-
tion of slates, or dolomitic limestones and slates, containing Brachiopods S#ri-
figoce phalus obesus, Undispirifer undiferus; Corals Pseudomicroplasma ete,
totally 674 m thick.

The upper Devonian is built up of clastic rocks, mudstones and carbonate
rocks and divided into, in ascending order, Xinghongpu Formation, Lengshui-
he Formation and Nanyangshan Formation,The interface between the formations
is conformable and the contact with the overlying Carboniferous system at the
top is continucusly transitional,

Xinghongpu Formation; characterized by slates with interbeds of limestones
in the lower member and by bioherm limestomes in the upper member, 1004 m
thick, containing Conodonts Ancyrodelia rotundiloba alata, Palmatolepis hassi,
Polygnathus webbiy Brachiopods Atrypo richthofeni, Emanuellc tehwanensis,
Corals Sinodisphyllum cf,betchuanensis,

Lengshuihe Formation; calcareous sandstones, limestones and marls, 642 m
thick, containing Brachiopods Cyrfospirifer sinensis, Tenticospirifer supervi-
lisy Corals Disphylium kostetskae, D.irregulaere; Conodonts Palmatolepis pro-
versa.

Nanyangshan Formation, made up of sandy limestones and calcareous sa-
ndstones in the lower part, and by thickly-stratified dolomitic limestones or
limestones in the upper part, 183 m thick, containing Brachiopods Yunnenella,
Yunnanellingy Conodonts Palmatolepis gracilis goniocl ymenige., P, gracilis
expansa, P, quadrantinodosa inflexa, Polygnathus styriacus, Protognathodus
sp, etc.

Biostratigraphic features

After the Caledonian movement, the sedimentary basement of the Devonian
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appeared quite complated in the Qin-Ba region. Some deposﬂmndl provinces
were relatively active whereas others comparatively stable,Such conditions exi-
sted througout the Devonian sedimentary history,Controlled by a variety of fa-
ctors, the Devonian of this region, different not only from the integral succe-
ssion of Hercynian facies carbonate rocks but the massive pyroclastic rocks of
Rhinish facies as well, is dominated by argillaceous, arenaceous, and organic
carbonate rocks, interbedded with pyroclastic sediments. The environmental
ané.]yses show that the whole sedimeatary provinces basically belong to littoral-
nerrtre  facies region. Usually, the coarse-grained sediments characterize the
earlier depositional stage, indicating transitronal or beach environments, while
the fine-grained sediment is the chaiacteristics of the middle and later stage
delposjtron, pertaining to neritic facies, Both facies changes and the basement
stability undoubtedly have control over the evolution of all kinds of ancient
llvmg things, Generally speaking,the biota in this reglon like that of S, Chi-,
na, possess the biologic natures of Antarctic-Pacific biogeographic sub-region
during the Devonian period, The Devonian strata in this region, similar to.
those of same age in Xiangzhou,Guangxi or in Dushan ,Guizhou,or in Loﬁgme—
nshan, Sichuan, were produced in a beach-shallow sea enviornments featured
by abundant oxygen, stronger hydrodynamic conditions, flourishing benthonic
fauna and a certain amount of planktonic organism, In addition, at this stage,
there appeared not only numbers of biologic groups that were of significance
to the world-wide stratigraphic correlation but quite a few local species as well,
Sulch biologic feature is coiucident with that of many places in China in the
Devinian period as a whole, _

Among the Lueyang, Baiyun-Zhashui, Fengxian-Xunyang, and Gaochuan
districts, the studies on the biostratigraphy in the first two have not heen made
because of less biologic deviopment in themy by comparison, the last two are
matked By their abundant and various kinds of fossils, The fossils, which now.
have been found, include Corals, Brachiopods, Stromatopora, Hepaliceae, He-
terotomous, Gasteropods, Ostracods, Bivalvia, Fishes, Trilobites, Conodonts,
Ammonids, plants, etc, totally amounting thirteen kinds,However, Corals and
Brachiopods occupy the first place both in sorts and in number, and Conodonts
come second, Based on the data, eleven assemblage biozones are tentatively-
established in Fengxian-Xunyang district. In upward-younging order, they are

Xichahe Formation (D,x) :further studies are needed becausu of the ohscu-
rity of biologic assemdlage,

Gongguan Formation (D,g) _

1. Paramoelleritia subtrapezoidalis assemdlage biozone Longjiahe Forma-
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2. Lyrielasmo shoanxiensis- Euryspirifer assemblage biozone Shijiagou
Formation (D,sk)
8, Athyrisina-Utaratuia assemblage biozone
4. Sociophyllum orientale-Billingsastraea cf. subs peciosa assemblage bio-
Zone
Dafenggou Formation(D,d)
5. Syringopora eifeliensis-Caliapora uralica assemblage biozone
Gudaoling Formation(D,g)
6. Stringoce phalus obesus-Undispirifer undiferus assemblage biozone
Xinghongpu Formation(D,x)
7. Ancyrodella rotundiloba alate assemblage biozone
Lengshuihe Formation(D,l)
8. Cyriospirifer sinensis-Disphylium kostetskae assemblage biozone
Nanyangshan Formation(Dgn)
9, Yunnasella-Yunnanelling assemblage biozone
10. Polygnathus styriacus-Palmatolepis quadrantinodosa inflexa assemblage
biozone '
11. Palmatolepis gracilis gonioclymeniae-Palmatole pis gracilis expansa
assemblage biozone
Stratigraphic correlation and discussion on the boundaries
To correlate with the Devonian strata of other regions, such as Xiangzhou
in Guangxi, Hunan, and Diebu in Gansu, this paper chooses the Devonian
systém occurring in Fengxian-Xunyang district as the representive because of
its continuous succession and trich fossils, The correlation is mainly based upon
Brachiopods and Corals for lack of microfossils except that  Conodonts came
out and became another correlation standard in the late Devomian epoch, As a
result of lacunae of the lower Devonian bottom layers, Xichahe formation,
Gongguan Formation and Longjiahe Formation are only equivalent to the Na-
gaoling Formation, Yujiang Formation and Sipai Formation in Xiangzhou, Gu-
ongxi, or the upper part of Putonggou Formation, Gala Formation and Da-
ngduo Formation in Diebu, Gansu, respectively,As far as the middle Devoni-
an is concerned, Shijiagou Formation and Dafenggou Formation correspond to
Yingtang Formation in Xiangzhou or Lure Formation in Diebu; Gudaoling Fo-
tmation to Donggangling Formation in Xiangzhou, or Xiawuna Formation in
Diebu.As regards the upper Devonian, Xinghongpu Formation and Lengshuihe
Formation to Shetiangiso Formation in Hunan or Cakuohe Formation in Die-

buy the Nanyangshan Formation roughly to the Xikuangshan Formation in Hau-
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nan pro*nnce or the Doushishan Formahon in Diebu,

The boundary discussion is completely on the basis of the stratigraphicinfo-
rmation of Fengxian-Xunyang district, dealing with both the bottom and top bo-
undaries of the Devonian and the boundaries between the lower and the middle
Devonuan and between the middle and the upper Devonian, The Devoni- an bou-
adaries in other districts are not touched upon here for lack of the relevant data.

The discussion on bottom boundary can not go into details on account of
the fossil absence and the existence of parallel and local angular unconformiti-
es between the Silurian and Devonian systems,On the other hand, though in
some local places, such as shuidonggon in Xunyang county, there exists a la-
yer that is made up of gray-greenish, purple siltstones and slates and takes
place between the Xichahe Formation and the middle-upper Silurian strata with
fossils(Coraly Mesofavosites multitabulatus, Stereoxylodes sp., Favosites mu-
Itiplicatus, Somphopora, Tryplasma.lt needs further study to find where the
layer should be placed.As a matter of fact, it is also concerned with the pro-~
blem of the Silurian-Devonian boundary,

The determination of boundary between the lower and middle Devonian or
between the Longjiahe Formation aud the Shijiagou Formation is mainly based
on the fact that Furyspirifer died out from the top biozone of Longjiahe Fo-
rmation and that Acrospirifer houer shanensis, Athyrisina, Utarotuia fauna,
ete, prospered for the first time in the bottom of the Shijiagou Formation, Thus
the boundary is set up between the top magnesian carbonates of the Longjiahe
Formation and the bottom argillaceous rocks of the Shijiagou Formation,

The middle-upper Devonian boundary occurs between biolithites of the
Gudacling Formation and slates of the Xinghongpu Formation, and its determi-
nation lies in the fact that Stringoce phalus disappeared from the Gudaoling
Formation in spite of its prosperity in the lower part of the formation and
that Conodonts appeared in large quantities above this boundary, such as
An(.'yrode”a rotundiloba alata, Palmatole pis hassi, Polygnathus webbi fauna,
ete, The two kinds of fossils, however, are not found in the same section and
the recognization of the fossils’ appearance and disappearance above the bou-
ndary refer to the stable Hithostratigraphic surface.For this reason, the result
is subject to further examination,

The Devonian-Carboniferous boundary occurs between the upper Devonian
Nanyangshan Formation and the lower Carboniferous Xiongjiashan Formation
in the Fengxian-Xunyang district and it is determined according to the fossil
data that there appear ample Conodonts at the top of the Devonian system,
such as Pq{mqto{epz’s gracilis expansa, P, gracilis gonioclymeniaea P. gracilis
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sigmoidalis, P. gracilis gracilis, P. rugose rugosa, Protognathodus and that
the Conodonts Siphonopella sulcata, S.duplicata and that Stromatopoar Endo-
thyranopsis? sp. characterize the bottom part of the Xiongjiashan Formation:
The method of fixing the boundary is dependent upon the fossils because of
the irregular lithologic changes above and below the boundary surface,As co=
ncerns the Devonian-Carboniferous bountary, in other words, the bottom bou-
ndary of Huoyanxi Formation in the Xiagaochuan district, the strata bellow
the boundary are characterized by containing Yumnanella-Yunnanellina assembla-
ge biozone wheras the strata above the boundary by slates with Caninie sp.,
FPalaeochoristites, ? Spirifer gielingensis assemblage biozone,This boundary is
quite clear, stable, and easily recognizable,

Features of facies and palaeogeography

Since the Silurian period, this investigated region had experienced further
topographic differentiation.The narrow Devonian marine basin, the major de-
positional province, was bounded on the north by the Qinling mountainous
areas and on the south by the Hannan and Niushan-Pingli old lands,

The lithologic variation was very obvious during the early Devonian epoch
The mapping by means of lithologic correlation can identify three facies units,
that is, estuarine-tidal flat facies, littoral facies and neritic shelf silt-mud
facies, The Gongguan Hg-Sb deposits and Hanchenggou Cu deposits are distri-
buted in the first two facies units,

During the middle Devoniaun, transgression of the sea expanded and sedi-
ment properties, thickness and biologic development showed distinet diversity
in different places, indicating, as facies map exhibits, that a characteristic
sedimentary environment came into being in this epoch.Five facies units can
be discriminated, shallow sea shelf-continental slope facies; shallow sea shelf
silt-mud facies; neritic shelf hiohermbearing sand barries facies; littoral-tidal
flat facies and beachy facies.The Daxigou siderite-multimetal deposits and the
Qiantongshan Pb-Zn-Cu deposits were formed in the first and the last or the
second facies units, respectively.

The late Devonian was the heyday of transgression,The marine basin floor
tended to be gentle and the islands dwindled in size,The strata is characterized
by its great thickness and well-developed rhythmites,Biologically, bethoses de-
cressed in number in the psocess of time whereas the deep-water conodonts fa-
una became flourishiog at the end of this period, The following facies, neritic
shelf silt-mud facies, littoral-neritic terrestrial margin facies (including sand
barries and tidal flat facies on both north and south sides of the sand barries).

Siderites, haematites and pyrites deposits are produced resppectively in the
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last and the first facies units in the Danshanggon, Panlongshan, Huoyanxi,
ete, places,
Mineral deposits in the major horizons

The sedimentary ore deposits abound in the Devonian strata of this region,
especially in the middle and upper Devonian,The major kinds of mineral depo-
sits, which have been found so far, include Fe, Cu, S, Pb, Zn, Ag, Hg, Sb,
Au, baryte, ete, among which Fe, Pb, Zn and Hg occupy an important paosi-
tion in the industrial ore reserves of Shaanxi province, Apart from gold ore
whose genetic type. has not been defined because the studies on it just began,
all the other mineral deposits are usually considerrd to be normal sedimentary
or sedimentary-reconstruvtive types, and can be in detail grouped into three
genetic types that are divisible into six sub-types,

Marine sedimentation type, including the neritic sedimentation sub-type and
the littoral sedimentation sub-type;

Marine-metamorphic (or thermo-remoulding) sedimentation type, including
the neritic metamorphic and the littoral metamorphic sedimentation sub-types,

Sedimentary-reconstructive type, including two sub-types occurring respe-
ctively in carbonate rocks aand clastic rocks,

It’s known that there are ten major mineral-containing horizens in the
Qin-Ba region within the territory of Shaanxi, including the Qiantongshan and
Bafangshan Pb-Zn deposits and the Gongguan Hg-5b deposits that are being
studied in detail currently. The concrete horizons are as follows,

1. the early Devonian Xichahe Formation (Cu)

2, the early Devonian Gongguan F, (Hz-Sb)

3. the middle Devonian Qingshiya F, (Fe, Cu, Pb, Zn, Ag, )

4, the middle Devonian Niuerchuan F. (magnetite-pyrite)

5. the middle Devonian Dafenggou F. (Fe)

6, the middle Devonian Heyeba F, (Fe)

7. the middle Devonian Gudaoling F, (Pb, Za, Cu)

8. the late Devonian Tongyusi F. (Fe)

9. the late Devonian Huoyanxi F. (Fe)

10, the late Devonian Sanchagou F, (pyrite)

Descriptions of the fossils

The fossils describled in this book amount to 185 species and genera, amo-
ng which there are 104 species and genera of Corals, 51 species and genera of
Brachiopods, 20 species and genera of Conodonts, 3 species and genera of Ga-
stropods, 3 species and genera of Bivalvia, one species of Ostracods, one spe-
cies of Pish and two species and genera of Plants,
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