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The assemblages of Charophyta from the Nemegt Formation (Upper Cretaceous)
and some Paleocene deposits of Mongolia are compared to those from China,
Europe and America. It appears that Charophyta . are useful In stratigraphy of
continental deposits. The present In vestigations provided new evidence of .th e
age of the Nemegt Formation from Mongolia. The assemblage of this formation
is intermediate between two Upper Cretaceous assemblages from the "Red Beds"
from China. Comparisons with the Chinese, European and American assemblages
Indicate that the Nemegt Formation is not younger than ' the Lower Campanian,
thus . is older than it was supposed before. The state of preservation of the
oogonta permit to draw some ecological conclusions.

K ,e y w 0 r d s : Ch arophyta, Upper Cretaceous, stratigraphy, Gobi Desert.
. I ' .

Jad1,£lga Karczewska, Zaklad Pateoblotogtt. Potska Akademla Nauk. 02-089 War
szawa, at. 2wlrkl I 'W l gu r y 93; Marla Zlemb17iska-Tworzydlo. Zaklad Pateonto!ogtt.
Unlwersytet Warszawskt, ,02-089 Warszawa, at. 2wtrkl t Wtgury 93, Potand.
Received: October 1981. ' ,

Upper Cretaceous Charophyta are known from Europe, Asia, North
America, South America and Africa. The most diversified and abundant
assemblages are those from Asia. The first of these were described in the
sixties from China (Wang Shui 1965). Then the work on them, was under
taken again in 1976 (Huang Ren-jin 1979; Wang Zhen 1978; Wang Zhen
et al. 1976; Wang Zhen et al. 1979).

Owing to the Polish-Mongolian Palaeontological Expeditions to the
Gobi Desert rich collections of fossils have been gathered, which has
permited to learn about severel groups of continental organisms of the
Upper Cretaceous of Mongolia. Among .these are the Charophyta, the
oogonia of which were found in Mongolia in 1969. At first, ,the material
.was scarce and therefore we described (Karczewska and Ziernbinska
-Tworzydlo 1970) only thirteen species of oogonia belonging to ten genera.
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The Charophyta of Mongolia were also studied by Kyansep-Romaschkina
(1975).

In our r ecent paper based on the abundant material we h ave de s
crib ed thirty-thr ee species of oogo nia belonging to se ven teen genera
(Karczewska and Ziembinska-Twor zydlo 1981).

The diversity of the Upper Cr etaceous assem blage of Charophyta from'
Mongolia suggests th e mo st favourable conditions for the de velopment
of this gr ou p of' algae in th e ar ea of our r esearch. This is striking because
th e data on the Upper Cretaceous Ch ar ophyta from other regions of. the
World are r ather s car ce, wi th the exception of China.

In the seventi es , the pal aeontologic al investigations on the continental
dep osits of th e so called' "Red Beds" from souther n and middle China
were we ll in progress. These deposits see m to r epresen t similar facies
a? those from the Ne megt Basin in Mong olia . Their age is estimat ed by
the Chinese geo logists a'S the Upper Cretaceous to Eocene. .Charophyta
occur frequently in the "Red Beds" and are, beside ostracods, the b est tool
in stratigraphy of these deposits.

In a synthet ic paper concerning Southern Ch ina, the chinese authors
(Wang Zhen, Lu Hui-nan and Huang Ren-jin 1979) distinguished two
assemblages of Ch ar ophyta differing in age. The older one, called the
assemblage "2" , is supposed to r epresent the lower part of the Upper
Cretaceous (Aptian - Cenomanian) . It contains several Lo wer Cretaceous
elements such as Flabellochara, At6pochara ~rivolvis and Euaclistochara
m undula . The younger assemblage ("3") consider ed to be of the .upper
most Cretaceous age (Turonian - Maas trichtian) in cludes sev eral Tertiary
elements such as T ectoch ara, Nem eqtichara etc .

Table 1 shows the World distribution of the Upper Cretaceous genera.
of Charophyta . It is apparent that our Mongolian assemblage is most
sim ilar to those fro m Ch ina. Its character is intermediate between ,the
assemblage "2" and "3" of the "Red Beds". The taxa common to our
assemblage and the older oneIro m China are : Mesochara, A topochara and
Euactistocnara m undula. The latter species occurs abundantly in both
assemblages. It has not been recorded in uppermost Cretaceous and is '
al so absent in the younger Chinese assemblage. In the lower part of
China the genus Atopochara is represented by Atopoch:ara trivolvis while
in the Nemegt Formation by A. u lanensis. This 'genus described by Peck
from the Cretaceous dep osits of North America was represented there
by A . trivolvis, the species indicative of the Lower Cretaceous (Aptian)
and A m ultivol vis indicative of the Cenomanian-Turonian (Peck . 1957).
The Mongolian sp ecies A. ulanensis K yansep-Romaschkina , 1975, in our
opi n ion is identical with A. restricta Grambast from t h e Albian of Portug
al. This species was included by Grambast (1974) in the Perimneste-Atopo
chara lineage, but was formally described by Grambast-Fessard only in
1980 as A. restrictasp.n;, therefore A. ulanensis Kyansep-Romaschkina
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T a b l e 1

139

Dist r ibu ti on of the ge ne ra and se lected species of the Ch arophyta in
Upper Cr etaceous deposits of the World

Locali s at i on N. AMER ICA CHINA MON GOLIA CHINA W. EUROPE S. AMERICA ' N. AMERi CA

~PhY l. Cret aceous Apti an- Cenom,
U. Cretaceous Turon.- Maas t r. U. Cre t aceous U. cretaceous U. Cr Ett aceousGenera . "Ass emb la qe 2' "Assemblaqe 3'
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<,
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Mesocharo

Sphaerochara

Obtua ocharo

uaedleri ephaora

Ia t oohara

Barr-iei chara

Stephanocharo

Peotci ohara
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Nefl¥!g ei chara -Platyehara
.{ =Gyrogona) .r \

POl'Ochara

Septiorel/ia - ,
Peckisphaera

St rob i lochara
,

Bysmocharu

Re tiusoohara

Dughie l la

Tolypel la

Pe eudoharriei ohara
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has priority. According to Grambast (1974), in the A topochara lin eage
A. restricta ,(= A. ulanensis) is intermediate between A. trivolvis and
A. mult ivolvi s. Accor ding to Grambast, A. irivolvis is indicative of the
Upper Barremian-Aptian, A. restricta of Albian and A . m uitivol vis of
Cenomanian-Turonian. Genus Atopocnara is absent in' the rich and dive r 
sified assemblage of the uppermost Cretaceous deposits of China and 'is '
rare in Mongolia. ,

The third genus present in the assemblage "2" of China, and in our
assemblage is Mesocharu. . I~ ,Nor th America the species of Mes ochara
occur in the deposits from the Middle Jurassic to the Aptian. Esp ecially
characteristic is M. vo luta, which has been also recorded in Mongolia.
Meso chara is absent in the assemblage "3" of China as well as in the
Upper Cretaceous deposits of Europe and America , while in the Upper, ,

Cretaceousdeposits of Mongoliathis genus is still present and is represent-
ed by numerous specimens and taxa.

The species belonging to Obtusocha ra, Sphaerochara and Maedl erisph
aera are recorded in both Chinese assemblages and in the Mon golian
one.

The genera Amblyochara, Har ri'sichara, Latochara , Peckichara, S tepha
no chara and Grambastichara are common to the Upper Cretaceous
assemblage of Mongolia and assemblage " 3" of China (uppermost Creta

\ceous) . " .
Some gener.a recorded in the Upper Cretaceous deposits of Mongolia

have not been found in China: These are : MongoliGhara, Saportanella ,
.Lam prot iuimsuum. and Micr ocha ra. Mo'ngolichara is the most characteristic '
genus of the Upper Cretaceous of Mongolia and is characterized by con
siderable variability; it occurs in abundance inthese deposits.

Beside Mong olichara, also Sap'ortaneHa is an important componen t
of the assemblage of Charophyta from Mongolia. Itvis represented by. ' .
S. nana and S. rom ashkinae , both species occurring abundantly. Sa porta-
nella wa s described from Upper ' Cretaceous deposits of Europe and,
accor ding to Grambast (1964), is characteristic of this period.

• The th ir d well represented genus is Lamprothamnium. It has not been
recorded in China but possibly it is ide ntical to Turbochurc Wang Zh eri,
1978. It seems , in our opinion, that also some other genera of Charophyta
created by the Chinese palaeontologists are younger synonymes of those
from other regions, but this cannot be prooved without ex amination of
the original material.

The two remaining genera occurring in the Upper Cretaceous deposits
of Mongolia, ' i.e. Gobicha ;a and Maedleriella, appear in China only in

.th e Paleocene. ~'

In the Upper Cretaceous deposits of China there occur some genera
which have not been found in 'Mongolia . These are: Porocha ra, Raskye
chara, Charites , Turbochara , Croft iella, T ectochara, Aclistochara, . Colli-
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chara, Pseudolatochara and Nemegtichara. The genera Charites, Gyrogona,
Grovesichara .-and 'N em egtichara appear in Mongolia only in Paleocene.
Especially significant is the lack of the, genus Poroehara; in ' the Upper
Cretaceous deposits of Mongolia, which is well represented in the upper
part of the Upper Cretaceous sediments of China. This genus is also
characteristic of the . Maastrichtian of Western .Europe (Feist '1979)' and
America (Peck 1957), and have also been recorded in the Maastrichtian
of Afr ica (Feist 1979).

It is worth nothing that Septorella, the genus indicative of the Maast
richtian in Western Europe (Grambast 1962, 1971) is absenf in the Upper
Cr etaceous deposits of Mongolia and China. Also Platychara, the charac
te r istic Upper Cretaceous (Maastrichtian) genus recorded in Europe
(Grambast et Guttierez 1977) and America (Peck 1979) has not been found
in Asia .

According to Wang Zhen (1978), in the Upper Cretaceous deposits
of China occur numerous species of the genus Gyrogona. In his opinion
Gyrogona is distinct from Platychara in spite of the similarity between
these two genera. In this author's opinion, the important feature of
Gyrogona, the genus incllfding also G. compressa, is the internal structure
of the oogonia and the morphology of their apical part. According 'to
Grambast (1962) and ,Peck (1979), G. com pressa is the type sp ecies of
Plat ycl,w ra. Thus, the apparent absence of Platychara in China is due
to the different ta xonomical approach 'of the Chinese authors. On the
other hand, 'Puitsrcluit a is' definitely absent -from the Upper Cretaceous
assemblage of Charophyta from Mongolia.

The genera common to the Upper Cretaceous assemblages of Charo
phyta of Mongolia and Europe are : Atopochara, Am!Jlyochara, .Peckichara,
Se portanella, Micr ocharaand MaedlerieHa.

, The comparison between our assemblage and those of Upper Cretaceous. . \

from Nor th America is ,difficult as the latter are very poor in taxa. The
common genus is Atopochara (Peck 1957) while the other American genera
i.e. Porocha ra and Platychara do not occur in Mongolia.

\' .

More similar are the assemblages of Charophyta from South America
(Musacch io 1973, 1978). The common genera ar~ Amblyochara, Microchara,
Maed lerieHa; Grarribastichara and Gobichara. It seems that Notochara
i rom Argentina (Musacchio 1973, 1978) is identical with Lamprotham
nium , and the oldest species ' of this 'genus is L.' oltanulaensis fro m the
Upp er Cretaceous deposits of Mongolia.

In some areas of the Nemegt Basin, the red be ds of the Upper Cre
taceous are overlain unconformably by white, strongly calcareous sedi
ment of the Lower Tertiary. From these beds we described (Karczewska
~nd Ziembinska-Tworzydlo 1972) the .second assemblage of Charophyta,
Du e to the unconformity we were not able, to trace the transition between
the Up~er Cretaceous and 'I'ertiary assemblages. The comparison between
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the Upper Cretaceous assemblage of Charophyta from Mongoli a and
those of othe r r egions indicates tha t the Mon golian ass emblage does not
represent the uppermost Cretaceous. This is supported by comparison
between the Cretaceous and Tertiary assemblages of Mongolia . Only four
genera are common to both assemblages: GrambastiChara, Mesochara ,
Peck ichara and Gobichara. Beside the ,genera common to the Up per
Cretaceous and Paleogene assemblages of Mongolia, there occur in the
P aleogene; Nemeqt iciuira, Grooesichara, Charites, and Gyrogona.The
most char acte ristic component of the Mongolian Paleogene ass emblage
are : N emegtichara , Gobichara and Grovesichara, .especially G. ki elani.

REMARKS ON ECOLOGY

The study on the Upper Cretaceous assemblage of the Charophyta from
the Nemegt Formation implies some ecological conclusions. The deposits
of this formation are mostly fine to very coarse-grained sandstones .
The oogonia of Charophyta occur exclusively in fine-grained sandstones
and light gray mudstones in which the content of calcium carbonate is
up to 42% (Gradzinski 1970). The hi gh content of calcium carbonate is
probably due to drying up of the sedimentary basin, which is ' implie d
also by the specific state of preservation of the oogonia. The cortical cells
of these are very strongly calcified and inside the spiral cells there occur
additional ridges. _ '

It is believed generally that Charophyta are connected with freshwa ter
basins, but the investigations on Recent Charophyta of .Australia (Burne
et al. 1980) indicate that they may adapt to high salinity in periodically
evap orating inland basins. According to the authors mentioned abo ve, such
fenomena are common in ephemeral basins in area's of arid climate.

The fact , that the Upper Cretaceous basins of Mongolia were isolated
from flowing waters is implied by the fact, that the oogonia of Charophyte
present a wide variety of size, including also the Iver y small ones (200 to
300 ~m) , suggesting lack of sorting. The very small oogonia are an interest
ing assemblage of specimens with strongly thickened walls and character
istic microstructure of the surface; They ' seem to represent not . fully
matured oogonia which developed in very unfavorable conditions.

CONCLUSIONS

The investigations on the Upper Cretaceous and Paleogene Charophyta
from the Nemegt Basin in Mongolia revealed that there is a strong differ
ence between the two assemblages. This is due to the unconformity
between the Nemegt Formation and the overlying "White Beds". Thus,
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it was 'n ot possible to indicate .the Cretaceous/Tertiary boundary on the
basis of change in assemblages of the Charophyta.

The Cretaceous assemblage of the Charophyta is richer and , more
diversified than the Tertiary one and includes sever al' taxa which occur
also in China, Eur ope, Northern America and Souther America. The most
similar are the assemblages of China. In Mon golia there occur ten genera
and three species common with Chinese assemblages , six genera common
with the European ones and four genera common with those of South
America. One North Am erican Upper Cretaceous genus and two gener a

, r ecorded in the Lower Cretaceous occur also in Mongolia (Table 1).
The comparisons between the Upper Cretaceous assemblage of the

Charophyta from Mongolia and those of other regions have some strati
graphic implications'. When ~ompared with ,the assemblages fr om the
"Red Beds " of China, the Mongolian assemblage appears as intermediate
between the assemblage "2" of lower part of the Upper Cr etaceous
(Aptian-Cenomanian) and assemblage "3" of the uppermost Cretaceous
(Wang Zhen, Lu Hui-nan and Ren-j in 1979).

In our assemblage there are someolder elements such as: Euaclisto
chara mundula , Mesocharq. voluta and '4 topochara uumensu: (= A . res
tricta). Euacl istochara m undula occurs in the Lower Cretaceous (Aptian
-Albian) in North America and in China and has not been, so far , recorded
in the Upper Cretaceous. Similarly, Mesochara. voluta which was describ- ,
ed from the Jurassic and Lower Cretaceous (Albian) of North America
(Peck 1957), and Atopochara ulanensis, id entical with A. restricta, describ
ed from the Aptian or Albian of Portugal (Grambast-Fessard 1981).

In the Upper Cretaceous assemblage of Mongolia the species Nem egti
chara prim a and Grovesichara kielani are absent; these occur in ,the
assemblage "3" , of China representing the uppermost Cretaceous. Also
Porochara and Platychara (Gyrogona in Chinese papers) are missing.

The genus Porochara appears all over-the World in the Middle Cam
panian andPlatychara appears in the Upper Campanian and both persist
throughout the Maastrichtian. Thus, the assemblage from the Nemegt
Formation fills the gap between the assemblage "2" and "3" from the
"Red Beds" of China.

All the ab ove data suggest that the assemblage of the Charophyta from
the Nemegt Formation can, not be considered younger than the Lower
Campanian. The earlier data on the age of the 'continental deposits of the
Gobi Desert are based on some vertebrates, fresh-water invertebrates, and
lithostratigraphic correlation with the Asiatic Upper Cretaceous deposits
containing marine intercalations. According to Gradzinski, Kielan-Jawo
rowska and Maryanska, i977 the age of the G~biDesert formations is as '
follows: Djadokhta Formation - ?Upper Santonian and/or Lpwer Campa
nian; Barun Goyot Formation - ?Middle Campanian; Nemegt Formation
?Upper Campanian and/or ?Lower Maastrichtian.



144 J A D W I G A KARCZEWSKA & MARIA zIEMBlril'SKA-TWORZYDl..O

_Fox (1978), who compared the vertebrates of .the Upper Cretaceous of
-Mongo lia and North Ameri ca, correlated these deposits from both regions
which is show n in Table 2. Th is author placed the Dj adokhta Formation
above the Upper Milk River For mation and correlated it with the lower
most par t of the Judith Formation. In the European scale this.corresponds
to 'the up per part of the Lower Campanian. The overlying Barun Goyot
For mation extends to the bottom of the St. Mary's River Formation,
which means almost to the top of the Campanian. According to Fox, the
Nemegt Formation is of the uppermos t Campanian to Maastrichtian age.
This int erpretation disag rees with our suggestion based on Charophyta
from the Nemegt Formation. The occurrence of the old taxa known from
Lower/Upper Cretaceous transition indicates that the Nemegt Formation
is not younger than Lower Campan ian .. Accordingly, underlying Barun
Goyot Formation _and .Djadokhta Formations must be older than ' the
Lower' Campanian (Table 2). The Barun Goyot Formation (and its strati
gr aphic equivalent r ed beds. of Kh ermeen Tsav) is probably of ?Late

Tab 1e 2

Stratigraphic -position of the Nemegt Formation

S t ag e s For ma t io n s

GOBI GOB I Charophyta

EUROPE N.AMERI CA N.AMER ICA Gradzinski GOB I Ka rcz .e t Ziemb as semblages
e t al. ,1977 Fox, 1978 t hi s paper

Hell Creek

Lanci an :Lance
: Upper

Maastr ichtian Edmont on

Lower Namegt
Edmont onEdmontoni an : SL Ma rJ( Nemeg t Chi na
River

?~
assembl age

113 1 ~

»>: j

Barun

Oldman
Goyot

Campani an Jud i th i an : J udith Bar un == -,
River Goyot

Djadokht a

~?~-~
Uppe r

Djedokhta Mongo l ianAquila n Milk Nemegt ass emblage
River

Barun
GOyot/ Chi na

Santo nian ass emblage
? 11 211

~a~okhta
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Santonian age. This agrees in general with the opinion of Kielan-Jawo
rowska (1974) based on the development of the multituberculates. Earlier
Marinov (1957) suggested that the beds from the Nemegt Basin (Altan
Ula, Tsagan Khushu and Nemegt) were older than the Campanian.
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