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In the Ordovician of Kazakhstan facies control seems to have played an 
important role in the distribution of trilobite assemblages on the sea-flo or. 
SeveraI facies zones, mainly controlled by the depth of the sea and distance 
from the coast, can be distinguished, each containing a distinctive assemblage 
of trilobites. 
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The relationship between extant and extinct marine faunal assemblages and the depositional en
vironment appears to be weU known and has been considered by several writers .  The author 
(Apollonov , 1 968 )  has brie fly diseussed the problem and treated the Ordovician zonal trilobite 
assemblages of Kazakhstan separately for carbonate and terrigenous sequences. New data indi
cate that in the Ordovician succession of Kazakhstan with its variety of facies types the relation
ship between trilobite assemblages and type of sediment is more complicated than previously 
thought. 

This contribution is intended as a brief review of the relation of Ordovician trilobite assem
blages to types of lithofacies in Kazakhstan. 

The Tremadocian trilobites of Kazakhstan are still poorly studied. They are mainly known 
from faunal lists in Borukaev ( 1 955 ) and Nikitin ( 19 7 2 ) , and from the monograph 'Geology of  
USSR', Vol. 20 ,  Central Kazakhstan ( 1 9 7 2 ) .  The coUections from Kendyktas and Kirgiz Alatau 
have been described by Lisogor ( 1 96 1 ,  1 962 ) ;  those from the Maly Karatau Range are being 
studied by G.H. Ergaliev, and those from northeastem Kazakhstan and the Chingiz Range by 
N.K. Ivshin and the author. 

At present four different lithofacies are known to contain Tremadocian faunas : 
( 1 )  Grey, yellow, and white thick-bedded algal limestones and dolomites ,  with abundant 
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Fig: 1 .  Distribution of Ordovician rocks (black) in Kazakhstan. 1.  Ulutau Range. 2. Karatau Range . 3. Betpak
Dala Desert. 4. Kendyktas Mountain. 5. Selet y River. 6. The district of Olenty and Shiderty Rivers. 7. Chu-Ili 
Mountains. 8. Chingiz Range. 9. Tarbagatay Range. 
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gastropods and cephalopods but without trilobites ,  form a thick formation in the Maly Karatau 
Range. These deposits resemble the Lower Ordovician (Canadian) carbonate sequence of North 
America and the Arctic regions. They seem to have been forrned in a shallow, warm sea. 

(2 )  Black to dark grey thin-bedded limestones containing Niobe, Euloma, Rhadinopleura, 
Geragnostus, Macropyge, Hysterolenus, Harpides, and other trilobites form a formation in the 
Aksay block in the northeastem Maly Karatau Range. They were probably deposited in a 
relatively deep, open sea, the bottom of which may have corresponded to the slope of the Maly 
Karatau massif. 

In the Ulutau Range similar limestones with Rhadinopleura and Ceratopyge alte mate with 
graptolitic shales .  Limestone beds of this general type in the Akzhar River district ,  northeastem 
Kazakhstan, have yielded Niobe, Asaphellus, Apatokephalus, ParabolinelIa, Harpides, and Harpes 
(s .l . )  (Apollonov et al. ,  1 963 ) .  From similar limestones in a tufaceous-terrigenous formation of 
the Kirgiz Range, Lisogor ( 1 9 7 2 )  recorded Geragnostus, Leiagnostus, Trinodus, Pseudagnostus, 
Shumardia, Harpides, Niobe, Rhadinopleura, and other trilobites. Both the assemblage with 
Harpides, Bicornipyge, and Hysterolenus from siltstones in Kendyktas (Lisogor, 196 1 )  and 
that with Bienvillia and Hysterolenus ( found together with Dictyonema ex gr. flabelliforme )  in 
the Satpak Stage of the district of Olenty-Shiderty Rivers were probably deposited in an open 
sea area with similar palaeogeographic conditions.  

(3) Pink to white , usually detrital (calcarenitic ) limestones ,  frequently abounding in skele
tal remains ,  contain a rich trilobite assemblage induding Niobe, Euloma, Harpides, Loganopeltis, 
Ceratopyge, and the brachiopods Clark elia, Nanorthis, and Tritoeehia. This assemblage character
izes shallow-water carbonate deposits in northeastem Kazakhstan ( the district of Olenty-Shiderty 
Rivers) .  A similar assemblage has been encountered in the Chingiz Range (in the vicinity of  the 
Mamat Hill) and in the Kendyktas Mountains of southern Kazakhstan. 

(4)  Dark graptolitic shale of Tremadocian age in the Ulutau and Djebagly Mountains 
appears to have been deposited in deeper water than any of the other Tremadocian deposits 
known in Kazakhstan. No trilobites have been found in this shale .  

The trilobites mentioned be10ng to the Upper Tremadocian except for those from Satpak 
(Lower Tremadocian according to N .K. lvshin) . G.H. Ergaliev has discovered a Lower Trema
docian trilobite assemblage in the Maly Karatau Range , but its taxonomic con tent is as yet 
not dear. 

The known Arenigian trilobite fauna of Kazakhstan is small and poorly studied. Arenigian 
deposits are usually represented by thin-bedded siltstones with graptolites. Rare cydopygids 
and Shumardia have been found in the se sediments in the district of Akzhar River and in the 
Betpak Dala Desert .  The other type of Arenigian deposits is represented by thick-bedded, mostly 
grey limestones .  In the Maly Karatau Range , beds of Arenigian age form a part of the thick 
Tamdy limestone-dolomite succession of Cambrian and Ordovician age . Hystricurus, Bathyuri
scops, and numerous illaenids have been found there by Weber ( 1 948 )  and K.A. Lisogor. In 
other districts limestones with extreme1y rare trilobites occur as lenses and beds within terrigenous 
and volcanic forrnations .  From limestones lenses of the Naiman Formation in the Chingiz Range , 
Pliomerops has been identified by N.K. Ivshin, who also recorded Tesselecauda, Apatokephalus, 
and some new genera from strongly arenaceous limestones of the Saryshoky Formation in the 
same range. In limestones at the base of the Akzhal Formation in Chu-Ili Mountains ,  the author 
found Carolinites, Bumastides, Bathyuriscops, and Pliomerops, genera common in the younger 
deposits of Karakanian age (Nedovizin , 196 1 ) .  From limestones within volcanogenous deposits 
of  Bolgozha Formation, Chu-Ili Mountains, numerous poorly preserved asaphids have been 
collected, but only Kayseraspis has been identified so far. 

The Karakan Stage of Kazakhstan can be roughly correlated with the Llanvimian of the 
British sequence. Karakanian trilobites in Kazakhstan are abundant and have been described by 
Weber ( 1 948 ) ,  Lisogor (in Keller & Lisogor, 1 954 ) ,  Chugaeva ( 19 5 8 ) ,  and the author. Thin
bedded silts and fine-grained sands wcre deposited in Kazakhstan over extensive are as both 
during the Arenigian and the Karakanian. In other areas, however, rather varied facies conditions 
stimulated the deve10pment of a diverse Karakanian trilobite fauna. 

In the Karakan Stage of Kazakhstan, the following main types of lithofacies with associated 
trilobite assemblages can be distinguished :  

( 1 )  Greenish calcareous sands tone containing undescribed asaphids , Lonchodomas, Eoro
bergta, and articulate brachiopods is known from a single locality at Anderkenyn-Akchoku, Chu
Di Mountains. 

(2) Grey and white , massive , coarsely crystalline , rarely aphanitic limestones contain a 
characteristic assemblage of trilobites induding Bathyuriscops, Bumastides, 'Pseudosphaerexochus ', 
Ectenonotus, Pseudomera, Colobinion, Cybelurus, A mphilichas, and numerous illaenids . These 
deposits are particularly well represented in the Betpak-Dala Desert and Chu-Ili Mountains . 
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Trilobites belonging to this assemblage have also been found in severai districts of  northem and 
northeastem Kazakhstan (Ishim , Akzhar, Shiderty River, Chingiz and Tien-Shan Ranges ) .  From 
the top of the Tamdy Limestone Group of the Maly Karatau Range , probably of Llanvirnian or 
Late Arenigian age , Weber ( 1 948 ) described Hystricurus, Apatok ephalus (=Eorobergia), Lyra
lichas, Glaphurina, 'Pseudosphaerexochus ', and Illaenus. Trilobites are associated with articulate 
and inarticulate brachiopods, nautiloids, gastropods, ostracodes ,  crinoids, and rare conularids. 

( 3 )  Yellowish or greenish , of ten nodular, argillaceous limestones are occasionally developed 
at the base or top of the limestones of Karakanian type .  Such limestones also form isolated 
beds or lenses within clastic deposits . In this rock, numerous articulate brachiopods (with charac
teristic Aporthophyla kazakhstanica ) and trilobites (undescribed asaphids and illaenids) are not 
uncommon. Such limestones have been recorded from many localities in the Anderkenyn
Akchoku district ,  Chu-Ili MQuntains. 

(4) Greenish siltstones and fine-grained, thin-bedded sandstones of Karakanian age with 
Ampyxinella, Lisogorites, Telephina, Bulbaspis, Mendolaspis, Raphiophorus, Shumardia, Seleno
harpes, Trinodus, Endymionia, Niobe, 'Symphysurus ', and new raphiophorid and remopleuridid 
genera are known from Chu-Ili Mountains . 

Black, thin-bedded limestone , with Endymionia, Lonchodomas, and graptolites, discovered 
near the Kiik railway station ,  northwestern Balkhash region , was probably deposited in closely 
related conditions . 

( 5 )  Graptolitic shales with rare cyclopygids are developed in the Betpak-Dala Desert and 
Selet y district. The trilobites and graptolites are associated with rare inarticulate brachiopods. 

The Tselinograd and Erkebidaik Stages of Kazakhstan correspond roughly to the Llandei
lian and Early Caradocian of the British sequence . Trilobites of this age have been found at some 
localities of the I shim district ( the villages of Kuprijanovka and S tavropolskoe) , S tepnyak district 
(Lidievka vill age ), and from the Chingiz Range . Some of the trilobites have been described by 
Koroleva ( 1 9 6 1 , 1 964, 1 9 6 7 ) .  

In the Ishim and Stepnyak districts, trilobites are known exclusively from greenish siltstones 
and thin-bedded, fine-grained sandstones .  These beds are characterized by an assemblage in
cluding A mpyxinella, Telephina, Trigonoaspis, a new genus related to Robergia, and a new 
raphiophorid genus with three thoracic segments. The assemblage is associated with graptolites 
and small inarticulate brachiopods. In some districts , with finer grained sediments , rich in 
graptolites, the trilobites are represented mainly by cyclopygids, agnostids, Shumardia, Dionide, 
Dindymene, and other small forms with a very thin carapace .  

Tselinogradian and Erkebidaikian trilobi tes are also known at  some levels in the Bestamak 
Limestone, exposed along the Chagan River, Chingiz Range (Nikitin, 1 960 ,  1 9 7 2 ) .  Here a trans
gressive sequence begins with a bed of arkosic conglomerate (a ) ,  succeeded by calcareous arkose 
(b ) ,  and limestone (c ) with rare Basilicus-like asaphids and large , flat articulate brachiopods. 
The sequence continues with an unfossiliferous algal limestone (d ) ,  more than 1 50  m thick, 
followed by a yellowish argillaceous limestone (e ) ,  10 to 15 m thick and containing numerous 
asaphids , illaenids, and brachiopods . The top of the limestone formation is formed by a member 
(f) consisting of black and dark grey limestones ,  coarse-grained and thick-bedded (individual 
beds 1 0  to 1 5  cm) at the base merging upwards to fine-grained , thin-bedded (individual beds 
1 to 2 cm) limestone at the top . The limestone formation is succeeded by black graptolitic 
shales (g) .  

The thick-bedded limes tones (lower part of the division f) have yielded numerous trilo
bites (more than 2 1  genera) ,  including Illaenus, Sp haerex o chus sp. ,  L onchodo mas, R em opleu
rides, and Hadromeros. These genera normally characterize carbonate mound (bioherm? ) 
deposits .  Telephina, Nileus, and other genera occur in carbonate mound deposits as well as in 
siltstones,  where the y are mostly accompanied by graptolites .  A mpyxinella, Trigonaspis, a new 
genus related to Robergia, and a new raphiophorid genus with three thoracic segments are rare 
in limestones but numerous in siltstones. The fauna of the limestone includes also nautiloids, 
hyolithids , rare gastropods, and crinoids. Numerous sp iculae and inarticulate brachiopods were 
obtained by dissolving the limestone . L.E.  Popov has di scovered unique Radiolaria which are 
be ing described by B .M. Nazarov (MS ) .  

In the uppermost, thin-bedded portion of the limestone sequence (upper part o f  the 
division f) numerous graptolites appear. The deposi ti on of these beds probably took place in 
a deeper water than that of the thick-bedded lower part of the member. The assemblage o f  
trilobites changes markedly. Small forms and two endemic raphiophorid genera (one with 
three thoracic segments is characteristic for siltstones of the Karakan, Tselinograd, and 
Erkehidaik Stages)  strongly predominate. Telephina, A mpyxinella, and odontopleurids b ecome 
abundant. Higher up in the sequence (division g), in the grap tolitic shales with Nemagraptus 
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gracilis, 1 0  to 1 5  m above the top of the limestone formation, trilobites are represented by 
rare Telephina and a new genus related to Robergia. 

In argillaceous limestones, Tselinogradian and Erkebidaikian trilobites are known from 
localities near Kupriyanovka village, Ishim River, near Lake Amanbaysor, and at the base of 
the Lidievka sequence ,  Stepnyak district .  Large Basilicus-like and Asaphus-like asaphids , illaenids, 
and other forms are characteristic here .  These faunules are so far undescribed. 

The Anderkenyn and Dulankara S tages of Kazakhstan are rough equivalents to the Middle 
and Upper Caradocian of the British dassification. Rocks of Anderkenian and Dulankaran age, 
with distinctive assemblages of trilobites partly described by Weber ( 1948 ) and Chugaeva ( 1 958 ) ,  
occur in some districts o f  the Chu-Ili Mountains (Dulankara, Anderkenyn-Akchoku , Sarytuma, 
Buldukbai-Akchoku) .  Similar assemblages are known in other districts of northem, north
eastem, eastem, and southern Kazakhstan. Trilobites of this age are among the most wide
spread in the territory of Kazakhstan . The following lithofacies types with associated trilobites 
assemblages can be distinguished. 

( 1 )  Coarse-grained sandstones, containing only one trilobite, !so telus romanovsky, as well 
as pelecypods, gastropods and remains of seaweeds, have been distinguished at the base of the 
Anderken Formation in a few localities in the Chu-Ili Mountains .  

( 2 )  Medium- to  fine-grained sandstones with Basz"licus and other asaphids, Lonchodomas, 
Dulanaspis, and other trilobites are known at the b ase of the Anderken Formation and con
temporaneous deposits in a few regions of Kazakhstan (Apollonov, 1 968 ) .  In the Chu-Ili Moun
tains they overlie the beds with Iso telus romanovsky.  These beds have also yielded occasional 
articulate brachiopods. 

(3) Medium- to coarse-grained sandstones with !sotelus, Dulanaspis, Pliomerina, and Remo
pleurides, in places associated with accumulations of large articulate brachiopods, are characteris
tic in many sections of the Dulankara Formation in Chu-Ili Mountains (Chugaeva, 1958 )  and in 
contemporaneous deposits of the Chingiz Range and Dzhebagly Mountains .  In many cases these 
beds directly overlie conglomerates. 

(4)  Yellow or greenish argillaceous limestones with numerous brachiopods and trilobites 
occur frequently at the base and upon the top of carbonate mounds (bioherms? ) or as separate 
lenses or beds. The limestone contains characteristic asaphids (!so telus, Homotelus, Parabasilicus, 
and others ) ,  Remopleurides, Illaenus, Pliomerina, and other genera associated with bryozoans, 
crinoids , and ostracodes. 

( 5 )  Light (pink, white, grey) coarsely crystalline limestones form thick (up to 800 m) car
bonate mounds , possibly of biohermal origin. They are common in many regions of Kazakhstan, 
particularly in volcanic areas. In the limestone , trilobites are varied and in places numerous, such 
as Illaenus, Stenopareia, Bumastus, Sphaerexochus, Holo trachelus, A mphilichas, and others. 
Scutellids ( 'Bronteus ' ) ,  Hadromeros, and Pliomerina are common. The trilobites are associated 
with numerous articulate brachiopods, crinoids ,  nautiloids , and tabulate corals .  In thick lime
stone sequences of northeastem Kazakhstan, the lowest part of the succession may be represented 
by dark, massive limestones, of ten abounding in pyrite, with abnormal assemblages consisting 
exdusively of small Pliomerina and illaenids, associated with small gastropods and pelecypods. 

(6) Siltstones and fine-grained sands tones with A mpyx in ella, Telep hina, Cy c lopyge, 
Symphysops, Birmanites, raphiophorids, and endemie remopleuridids related to Bobergia. This 
assemblage is associated with graptolites ,  occasionally numerous ,  and rare nautiloids. Articulate 
brachiopods are rare and represented mainly by small, flat plectambonitaceans with a very thin 
shell. This assemblage is known from the Dulankara Formation of the Chu-Ili Mountains. 

Ashgillian trilobites from Kazakhstan were first recorded by Apollonov ( 1 968 ) .  Lower and 
Middle Ashgillian deposits contain mainly graptolite s ,  and trilobites are comparatively rare . 
Almost all sufficiently well-preserved Ashgillian trilobites of Kazakhstan have been described 
by the author (Apollonov, 1 9 74) . A few characteristic assemblages can be  distinguished. 

( 1 )  An assemblage , which indudes A mpyxinella, Microparia, Tre ta sp is, and R emopleurides 
has been discovered in black graptolitic shales near Akdombak Hill , Chingiz Range . Grap tolites 
are numerous .  

( 2 )  More than 20  species of the genera Trinodus, Telephina, Rem opleurides, Cyclopyge, 
Microparia, Psilacella, Symphysops, Warburgaspis, Phillipsinella, Hadromeros, Hammatocnemis, 
Cyphonz·scus, Panderia, S tenoparez·a, and others have been found in yellowish and p ink, sandy, 
organodetritic (calcarenitic ) limestones at Zharyk near the Shiderty River. Elements of this 
assemblage (Ovalocephalus, Hammatocnemis )  are known in the Stepnyak district in sandstones 
and argillaceous limestones .  A related assemblage with Symphysops and others is represented in 
light grey fine-grained sandstones of the Tarbagatay Range . 

. 

( 3 )  Various poorly preserved trilobites 'Cybele ', Pliomerina, Remopleurides, Opsima
saphus, Iso telus, Homotelus, Holo trachelus, Illaenus, Bumastus, Encrinurus, Dz·cranopeltis, 
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Hc:dromeros, 'Bronteus ', and others) are known from argillaceous limestones and calcareous 
shale exposed near Tolen and Bakanas Rivers dose to Akdombak Hill , Chingiz Range. Tabulate 
corals and brachiopods have also been found in limestones. The discovery of the pentameracean 
brachiopod Holorhynchus at this level is important. The shales contain graptolites .  

(4) Illaenus, Bumastus, Pliomerina, and Hadromeros occur in a carbonate mound (bio
hermal ? ) near the town of Maykain, but the y are comparatively rare. The trilobites are associ
ated with numerous tabulate corals and brachiopods, in du ding Holorhynchus. 

( 5 )  Rare odontopleurids have been found 'in the Chokpar Shales north of Dulankara, 
Chu-Ili Mointains, together with numerous graptofites, mainly R ectograp tus. 

Three Upper Ashgillian trilobite assemblages ,  related to distinctive lithofacies, can be 
distinguished. 

( 1 )  Dalmanitina (represented by two species )  and Platycoryphe have been found in a few 
localities in the Chu-Ili Mountains. The rock is a black, bedded aphanitic limestone and argilla
ceous limestone . The associated fauna consists of rare articulate brachiopods and comparatively 
numerous graptolites ,  including Glyptograptus persculp tus. In the Chu-Ili Mountains and in a 
few districts  of the Chingiz Range (Mizek, Akdombak) ,  Dalmanitina has been found also in 
siltstones and fine-grained sandstones ,  occasionally accompanied by Otarion and rare odonto
pleurids. Fine-grained sandstones in the Chu-Ili Mountains have yielded various brachiopods, 
induding Hirnantia. 

( 2 )  Warburgaspis and illaenids occur in arenaceous organodetritic (calcarenitic ) limestones 
together with varied and very numerous shelly organisms ,  such as brachiopods, nautiloids, 
gastropods ,  and crinoids . This limestone replaces the Dalmanitina Limestone spatially or is 
interbedded with it in the Chu-Ili Mountains. 

( 3 )  Holotrachelus, lichids, and illaenids have been reported by Chugaeva ( 19 5 8 )  from a 
carbonate mound, possibly biohermic (Ul'kuntas Limestone ) .  In this limestone tabulate 
corals predominate. 

A comparison of various indicators of depositional environment in Ordovician sediments 
with those of recent shelf deposits (Nalivkin, 1 9 56 )  makes it possible to draw some condusions 
as regards the depositional conditions of various facial zones in the shelf region of an idealized 
Middle and Late Ordovician basin of Palaeokazakhstan. It also gives some dues as to the environ
ment in which trilobites lived. 

The reconstruction is based on analysis of numerous Ordovician transgressive sequences in 
certain regions of Kazakhstan. In each sequence a regularity in the succession of distinctive types 
of sediment can be observed. The base of a sequence is normally formed by conglomerates and 
gravelites .  These are succeeded by sandstones, siltstones, and limestones. The limestones are 
argillaceous to a varying degree at the b ase and on the top .  Above the limestones follows a 
sequence of siltstones and argillites .  The rule of Golovkinsky-Walther permits the assumption 
that within a transgressive sequence various types of sediment were deposited roughly in the 
same order also relative to the coast. 

The zone of pebbles was formed at or dose to the beach. The sand zone probably reached 
down to some tens of meters. According to Nalivkin ( 1 956  : 2 3 1 ) , in normal marine basins the 
depth of deposition of the sand zone rarely exceeds 28 m. In Kazakhstan this zone is charace
rized by asaphids. In shallowest water, forms with a heavy carapace of !so telus romanovsky 
type are common, associated with pelecypods and gastropods. In the deeper part of the sand 

Fig. 2. Tentative reconstruction of facies beits in the Ordovician sea of Palaeokazakhstan relative to the coast 
and the depth of the sea. 1. The zone of pebbles. 2-3 ( 1 -3 ) .  The zone of s�nd. 4. (4) . Argillaceo�s carbonate 
mud. 5. ( 5 ) .  Carbonate mound (bioherm? ) .  6. Argillaceous carb�nate mud lIke that of �. 7 (6 ) .  Sllt, ?arbo

,
nate 

mud and clay. Numbers in brackets correspond to the Anderkeman and Dulankaran facles beits descnbed m 
the text (p. 8-1 1 ) .  
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zone large Basilicus and other asaphids occur, accompanied by Dulanaspis, L onchodomas, and 
rare articulate brachiopods. In the sand zone also sand banks were developed with accumulations 
of transported trilobite and brachiopod remains. Farther from the coast, calcareous silt and 
argillaceous carbonate mud were deposited. Ordovician sediments deposited in this zone are 
represented by calcareous siltstone and argillaceous , limestone. Asaphids, illaenids, raphiophorids ,  
and numerous articulate brachiopods characterize this zone. 

Still farther from the coast carbonate mounds (bioherms? ) were formed. The depth of 
deposition of the mounds was probably some few to some tens of metres and may have been 
comparable to that of shallow-water sand zone or the zone of argillaceous carbonate mud. The 
fauna is diverse and rich, and is associated with calcareous algae. Convex trilobites are especially 
characteristic . 

The zone of silt and/or argillaceous carbonate mud either continues seawards from the 
zone of carbonate mounds or follows directly the zone of sand. The assemblage with A mpyx i
nella, Telephina, Trigonaspis, endemic remopleuridids, and raphiophorids probably exis ted in 
the deepest part of the zone, possibly at a depth up to 40 m.  

In still deeper parts of the basin (up to  hundreds of  metres)  pure clays were deposited. 
Rare cyclopygids and Telephina were the on ly trilobites who inhabited this bottom. They are 
found associated with graptolites ,  which alone are present in sediments deposited in still 
greater depths. 

The material presented seems to testify that facies control played an important role in 
distribution of trilobite assemblages on the sea-bottom. This permits the introduction of the 
concept of arenophilous (existed mainly on sand bottoms) ,  calcarophilous (confined mostly 
to carbonate banks and mounds, including bioherms and reefs ) ,  and argillophilous (existed 
mainly on silt y ,  muddy and clay bottoms) forms and communities ,  keeping in mind the 
intermediate forms and communities also existed. 

REFERENCES 

Apollonov, M. K. (ATIOJIJIOHOB M. K . )  1 96 8 : 3 01IaJlbHaH WKaJIa cpe;.(HC- I l  Fl CPXHC:0P;Wll I l h CI,HX OT:J(X+, C I I I I I I  Ka3ax�vraHu , 

OCHOBalIH3 H  I la  TPH,1I00HTa X ,  I l  et' IWppeJIHUHH co UI I(a;ta ,\\ I 1  ,Enpll I lh l  I l A,\1 e p l l l d l .  B KH. : C11lpamuzpar/JUJl IiUJIOlezo 
nalle030Jl lJemnpallbllou E6POllbl .  7 8 - 8 5 .  " H aY i{<!" 

Apollonov, M. K, 1 974 : (ATIOJIJI O H O B  M .  K. A UI<U//llbcl<ue mpnll06umbl Ka3axcmalla, 1 -89 , Pls. I -XX I .  "HaYI{a,> AJIMa-ATa. 
Apollonov, M. K. et al.. ATIOJIJIOHOB M. K., H HKIlTvI H  I1 , C!) "  lJ,AI" Jl .T. ) 1 % 3 : 0 Pi\C' ll I l h CI ; ; lc' UT, I O,I,C'I1 l l l1 1O,I( ! \ n i l  

'!aCTlI  CeJIeTliHCI{OrO nporH6a . "l136. AH f(a3CCP, cePUJl lieOll.<>  1963 , 3 6 - 5 3  

Borukaev, R. A .  (BOPYKAEB P .  A . )  1 9 5 5 : /l,onalle030tl u IIUJlClIuii nalleOJOlI ce6epo-60cmo/w Ka3axcIIlalia ( Capbl-Apl<a) .  
M. rOCreOJlTeXH 3,1:\aT . 407 CTp. 

Chuga�,:,a,  M.�. CQyrAEBA M . H.) 1 9 5 8 : TPHJlo6HTbI 0p,I:\OBHKa Qy- I1JlHHCHHX rop. B HH. : 0 P,l:\OBHH Ka3axcTaHa n. JpyJu 1 l1H AH CCCP 9. 5 - 1 3 8 . 
Keller B . M .  & Lisogor K . A .  (KEJIJIEP B . M . ,  JI I1 COrOp KA.)  1 954 : KapaHaHC!mH ropH30HT 0p,l:\OBHKa. B HH. : 

" OP.L\OBHH Ka3axcTaHa" I .  TpYObl TI1H AH CCCP 154, 48-98.  

KoroIenI , l\I .i'\'. (KOPO JI E BA M . I-I . )  1 96 1 : 1-I 0 B b l i i  T P II ;IOOIIT Trigonoaspis H3 Cpe,l:\Hero 0p,l:\OBHKa CeBepHoro 
Ka3axc-ruHa, TpyiJbl Ka3l1MC 5 , 7 3 - 7 7 .  

Kerole\' " ,  1\ 1 . "\ .  (KOPO.'1 EBA M. H. )  1 964 : I lo l l hlC  cpe;\I 1 c O p ; \,) H I I I , C  HHe TPHJl06HTbI Shumardia CeBepHoro Ka3axCTaHa. 
flalleolimollozutJecl<uu Jlcypllall 1964 : 1, 7 1 - 7 5 .  

Koro l (· " " .  '\ 1 , :\ .  (KOPOJIEBA M .  I l . )  1 967 : I, a33xcTa l l c I , l I c  T P I I.'IOOII TbI ceMeHcTBa Cyclopygidae. flalleolllllollozutJeCI<Ul1 
Jlcyp"all 1967, 1 79-9 1 .  

Lisogor,  K,A. , (JI11COrOp K , A . )  1 96 1 : TPHJl06HTbI TpeMa,l:\OHCHHX H C,\\ C ,I , I I J , I X  L' 1 I 1 i .\\ 1 1  OT: I U , I , C l I l I ' l  ]{ C I I . \ I > 1 l d'<l C a ,  I l  1 ' 1 1 . ' 
0 PI10Bl I I ,  I<a3axcT aHa. IV . TpY()bl TI1H AH cr;cp 18, 5 5 - 9 2 .  

Lisogor,  K.A. , (JI11COrOp K A . )  1 972 : TPHJIOOHTbI TpeM a.L\OI{CHHX OTJIOmeHHH KHprH3COrO xpe6Ta. Tpy() b l  Ka3axc/<ozo 
nn, I/"' leX/I1I IJeCKOZO U!iClIlumyma, AIlAla-Ama ,  1 79 - 1 8 5 .  

Nalivkin �  D . V "  (HAJI11BK11H .u.B . )  1 95 6 : Y'leftUe o ifjilljUJlX, l .  5 3 4  CTp. 113,1:\-BO A H  CCCP , MocH Ba-JIeHHHrpay, 
:\cdO\ i z i n  . .  \ , .-\ . .  ( I-l EJlOB l J :HHI A.A) 1 '16 1 : I\ CTpaT l I I'pa<p I I I I  aHmaJlbCI{OH CBHTbI Qy-11JIHHCHHX rop, 1136, /1 11 

Ka3CCP, cePUJl ,'eo. l .  1 96 1 : 2  (43) , 26- 3+ . 
:\ i k i t in , J . F. ( I-I 11K11TH I '; I I . <p . )  1 960 : EPI,COlli\:1II l{C!call Il a l I [ 'pCI I Cl1pCHall CBHTbI cpgHero 0p,l:\OBHHa xpe6Ta QflHrH3. 

l136. AH Ha3 CCP, cePUJl zeoll. 1960 :3 (40) , 1 4- 3 4 .  

\: , k i t i n  . .I . F . ,  ( I -Il l l{HTIH I  1 1. (1 ) . )  1 972 : Op()oeul< Ka3axcmalla. l. ( ·"/pm",, , .por!>I 1.'/ , 2·1 2  n r ,  " l la \' l,a.> , : \ : I \ \ a - ATa . 

Webcr ,  V . N . (BEB EP B . H .) 1 948 : TPHJl06IITLI CHJlYPHi1cIf!IX OTJlOmelmH CCCP . BbIn. I . HHmIIeCHJlYPHHcHHe TPHJl06HTbI, 
l. MOHozpar/JUu no nalleollnzollOmu CCCP 69, 1 - 1 1 3 ,  M . -JI . ,  «rocreOJI 

3 8 0  




