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Abstract: Many species that can be attributed to Ammonidium Lister, 1970 have been differently assigned to
Multiplicisphaeridium Staplin, 1961, Baltisphaeridium Eisenack, 1958 ex Eisenack, 1959 and other similar genera, which, to

some extent, narrowed the original definition. The diagnosis of Ammonidium is emended here in based on reference comparison
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and some Ammonidium taxa collected recently from the lower part of the Hongguleleng Formation, NW Xinjiang. This paper
considers Caiacorymbifer Tappan and Loeblich 1971, Gracilisphaeridium Eisenack and Cramer 1973, Naevisphaeridium
Wicander 1974, Puteoscortum Wicander and Loeblich 1977, Craterisphaeridium Deunff 1981, Pertusisphaeridium Turner 1986,
and Martinsphaeridium Sarjeant and Vavrdova 1997 are junior synonyms of Ammonidium. The taxonomical ranks of
Ammonidium sprucegrovense var. polyankistrum Wicander and Loeblich, 1977 are changed from the species to the varietas level.
A new species is proposed, 1.e., Ammonidium levigatum n. sp., which may have been erroneously identified as A. loriferum

(Deunff) Hashemi and Playford 1998 or A. sprucegrovense(Staplin) Lister 1970 in many publications.Ammonidium levigatum n. sp.

is widely distributed in the margins ofpalacocontinents and is an important stratigraphical index fossil for the L.ate Devonian.

Key words: Ammonidium; acritarchs; taxonomy; biostratigraphy; palacogeography; palaeobiology; NW China.
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BEVRIEHE ) W H] T AR W) 2 X L AR
BN B A R R B A AR A 2R H R
BEVR MY 4328 B T H R AVRHE , AR 4= W) Rk %
% & (Stricanne and Servais, 2002). fl oK Z#fb 1 —
FE 0 o] 5 BE 5 28 MR 0 08 28 RR AR BEAT A R 28 A
BT P A 22 DLk BE R 2K A 3 T lm A B B
(4. Eisenack et al., 1973, 1976; Fensome et al.,
19905 Diez and Cramer, 1977; Sarjeant and Stan-
cliffe, 1994; Sarjeant and Vavrdova, 1997; Servais
et al., 2007;1Lei et al., 2013;Kroeck et al., 2020;2
45,2021 Wuetal., 2021).

W 2 Ammonidium Lister, 1970, K B BRIE /
W KT 1) 5 76 A B KA — 2 53 L4548 T 2y AR 1
1EFE R 2 — e A 40 B A R A H B 43 A L A R
A EBCE, Ammonidium BB H T IN & K AL
berta, Bl Multiplicisphaeridium canadense Staplin,
Jansonius, and Pocock, 1965 (Eisenack er al.,
1973) , fre W 10 280 T2 30 % 74 7Y e & AL B (Tour-
naisian) (Multiplicisphaeridium winslowii Staplin,
Jansonius, and Pocock, 1965).Ammonidium €75 FH
B4 B ECEE I EZ B TR G E SR,
Ay N SETz AR 22 05 WUH & B R J& b Bl A (6] 0
N Ammonidium . Multiplicisphaeridium Staplin,
1961 8% Baltisphaeridium Eisenack 1958 ex Eisenack
1959 K IAWARBLR , A7 W 2 SON TR L W Martins-
phaeridium Sarjeant and Vavrdova 1997. ¥ £ F 1))
AP 3C K 3R LR B AR ME R B i 46 TR, A SCy B Y
TE T X Ammonidium J&AE AT HE BB, IFER A
B s b AR UL A 4R BO S Ammonidium £ 5%
1Y BE U5 S HEAT 3R T IE 4878 Ammonidium J& (1)
AP b )2 B i BRRR AR AN S

1 #eSI5k

A SC I FH B E 43 ok B OSCER BEORL , BEORHIE T
Ammonidium 1 Multiplicisphaeridium fiw 45 J&
(Staplin, 1961; Lister, 1970) . Fif A 7 4% i 4 Bk 4%
5 A A Ammonidium X Multiplicisphaeridium Jg&
5 i B B U5 2 5% R R i B A 43 RS H I AR UL R
B AR 38 % (W0 Eisenack et al., 1973; Sarjeant and
Vavrdova, 1997) , #8435 H #7 s A6 &8 A4 v 38 /R 52
oA A B BT RIS A ) T (467 37'24.24"N; 86°
4'36.48"E; &1 1), il A R b, 43 50 i v — ik
ERE I = N e R R RIS T I TN
Bt W 2 o S S A A B (B 4E 20135 5%
H4E 20145 Ma et al., 2017), [ R B4 0000 - F B
(Rt R B VB /R LB B O BE) B (322 By ) Ml |
Br( i) FEdh R B RS 20 T Be QIR TTRY)
(B 2). A6k A i B o 2 o A2 R T o %) 6 8 Ak 21
77 (Wood et al., 1996) , kb B i3 78 4 4 HCI-HF -
HCI(R— 2P 3R 5 b A 31 | ST, e e M
ZEAR K A 2 AR AE b M BT R 2 (D) AR
A S5 % 58 N A BIL BBk 48 15 pm AT 50 pm £L
e 2ok i b B, AR B2 Ah B (R Zeiss Axio Im-
ager B 8% ) , 78 16 E B /R K22 Evo-Eco-Paleo Unit
(EEP)-UMR CNRS 8198 5 5 % 5¢ Ji . Hb i 1% 241
TBT A AR A R AT 2, T B B
B EW 0 BE UR 2O 32 B IR 2 SRR AR IR B R
U FE i DR AFAE LU VG 0 28 K2 B R R 45 2 Bt

2 Ammonidium &

21 [HEEm
AmmonidiumLister, 1970 B # X fh 8 Ammo-

nidium microcladum (Downie) Lister, 1970, “Am-
mon” R YR T 3R KB 5E 7 A “idium” S B IR Ui
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(a) Late Devonian palaeogeographic map(modified from Boucot ez al., 2013), showing the location of the Kazakhstan plate
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where palynological samples have been collected;(b) the geographical location in Xinjiang; (¢) Detailed location of the stud-

1ed section and Upper Devonian outcrops of Western Junggar

W 45 P BCH R BRI R T RGE T A
Shropshire # X 1 i ¥ 3¢ 51 % X (Wenlock Shales)
(Lister, 1970) , & J& B} 5 Ammonidiumrigidum var.
ludloviensis Lister, 1970 J Ammonidiumsp. 7] B}
HEST

Lister (1970) ik & Ammonidium 5 Multiplici-
sphaeridium fe K WA [R1TE T 1/ # 58 8 1 K s (A
— R A (K 3) , B A R e R A — 2,
B g 2 6] A M 2 Ammonidium 5 Multiplici-
sphaeridium K X 51 () BLALRRAIE .

Bk T DLW A5 21, Loeblich and Wicander(1976)
TN R 12 5% B R B 1 43 LSS R SR — ol T S A A2 O
g4k H o RO R S AR, BN 1 43 AT —
A I Multiplicisphaeridium 5 8 A 3 B9 53 8128
Bk 2 A2 A . BRI LA 4k, Loeblich and Wicander
(1976) 38 1, Baltisphaeridium J& 5 Ammonidium

J& AN R TE T 5 2 B 88 AT 5 5 [ il i T T

HAERZARE

Ammonidium J& 17 53 M8 KB Sy Muln-
plicisphaeridium 5%, Baltisphaeridium ( 3 1 F1 3% 2;
Lister, 1970; Eisenack ez al., 1973). Eisenack ez al.
(1976) % A Ny % J@ 28 dL 1 43 S 25 A R ME A oy @ %
BRI RS E: U s MBS VB 1 o N = R ETR
1iE, B A Ammonidium Bk Multiplicisphaeridi-
wm B 5 44 B DL LA KR 432 3 1 SR A
[ Ammonidium VE R M7 J& AFFE 0 & B B T B
B — P K g5 LU Ak, Dorning (1981) 36 ¥ Ammo-
nidium JFE5EF T B G I8 R SN RREAE Sy T
5 SCJE I AR AE  Le Herisse(1989) X 1% J& i 5¢
RMAFELE TEIT NN S RTEOG I S BER A
/INFLIE A5 (microgranulate ) HLRE (scabrate ) 3% H 4tk
21 Hfii (microrugulate ). Sarjeant and Vavrdova (1997)
B 17N Ammonidium %@X%E‘J"ﬁﬁﬁ%i_ﬁ
A — P LIS, 00 53 K B 2 o N i
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Fig. 2 Lithostratigraphy and Ammonidium distribution of the Hongguleleng Formation in the Gennaren section

HARI 202, 53 B i i 205 2~6, 43 AR B 5
HA& WAy W al geME A SR Ammonidium 1Y
BB RAE X 56 0% B R E B Ammonidium . Multi-
plicisphaeridium } Baltisphaeridium =5 J& F 1) &8 43
M T BB, Ammonidium CAT T WL 1,5 40
A Ammonidium FIF L3 2.

3 REHA

Acritarcha Evitt 1963

Ammonidium Lister, 1970

X R Ammonidium microcladum Downie,
1963 emend. Lister, 1970 nov. emend.

1970 Ammonidium Lister, pp. 48—49.

1971 CaiacorymbiferT appan and Loeblich, pp.
390—391.

1973 Gracilisphaeridium Eisenack and Cramer
(in Eisenack ez al., 1973, pp. 510).

1974 Naevisphaeridium Wicander, pp. 30.

1977 Puteoscortum Wicander and Loeblich,
pp. 148.

1981 Craterisphaeridium Deunff, pp. 67.

1986 Pertusisphaeridium Turner, pp. 606.

1997 MartinsphaeridiumS arjeant and Vavr-
dova, pp. 27.

Ji U ik (Lister, 1970) : “Vesicle hollow,
sphaerical to ellipsoidal, single-walled; vesicle wall
smooth or sculptured. Processes numerous, evenly
spaced, more or less rigid, hollow, tapering commu-
nicating freely with the vesicle cavity; distally the
processes have equifurcate terminations. Excystment
by cryptosuture, apical or near-equatorial”.

& 1T J& 1F (Le Heérissé, 1989) : “Vesicle spheri-
cal with circular or ellipsoidal outline with wall sin-
gle, thin, smooth or lightly ornamented (microgranu-
late, scabrate, microrugulate) , bearing numerous
processes of variable length, equidistant, homomor-
phic, whose distal extremity 1s divided into a cluster
of 3 to 5 short branches, extended in a single plane;
the branches may be divided at tip; on each process
the branches are of equal length and for a given speci-
men the branches are of equal length and for a given
specimen the branches appear identical; the stems of
the processes may display a light granulation; the sys-
tem of opening is of a simple slit type with slight ridg-
es on the margins”.

& 17 )@ 1 (Sarjeant and Vavrdova, 1997) : “Ves-
icle hollow, spherical to ellipsoidal, single-walled or

apparently so. Processes moderately numerous to nu-
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Table 1 List of Ammonidium acritarch species described in the literature

il 4 Ji )& 4

VR FAE

A. alloiteaui
A. belmonte Multiplicisphaeridium;Ammonidium
A. belmontiforme Multiplicisphaeridium; Ammonidium
A. carrascum
A. crinitum
A. cornuatum Ammonidium
A. conicum Ammonidium
A. exoticum Baltisphaeridium; Ammonidium
A. furtivum Ammonidium

A. grosjeani Baltisphaeridium;Ammonidium

A. hamatum Ammonidium
A. inornatum Ammonidium
A. iowaensis Ammonidium

A. lewisii
A. loriferum

A. ludloviense

Baltisphaeridium;Ammonidium
Ammonidium

A. microcladum Baltisphaeridium;Ammonidium
A. maravillosum
A. maritimum Ammonidium
A. macilentum Ammonidium
A. multipugiunculatum Multiplicisphaeridium;Ammonidium
A. olsztynense Multiplicisphaeridium;Ammonidium
A. palmitella Baltisphaeridium;Ammonidium
A.? pequenhum Multiplicisphaeridium;Ammonidium
A. sprucegrovense
A. truncatum Multiplicisphaeridium;Ammonidium
A. uncinum Ammonidium
A.? variabile Multiplicisphaeridium;Ammonidium

A. waldronense Catacorymbifer;Ammonidium

Micrhystridium;Baltisphaeridium;Ammonidium

Baltisphaeridium;Multiplicisphaeridium;Ammonidium

Micrhystridium:Multiplicisphaeridium? ;Ammonidium

Hystrichosphaeridium;Baltisphaeridium;Ammonidium

Multiplicisphaeridium;Baltisphaeridium;Ammonidium

Multiplicisphaeridium;Puteoscortum;Ammonidium

Deunff(1955); Martin(1981)

Cramer(1970); Sarjeant and Vavrdova(1997)

Tynni(1975); Sarjeant and Vavrdova(1997)
Cramer(1966); Sarjeant and Vavrdova(1997)
Grishina and Klenina(1981); Sarjeant and Vavrdova(1997)
Loeblich and Wicander(1976)

Pothe de Baldis(1998)
Deunff(1965a); Lister(1970)
Playford and Martin(1984)
Stockmans and Williere(1962a); Martin(1981)
Wicander(1974)
Colbath(1990)

Wicander and Wood(1997)
Deunff(1954); Lister(1970)

Deunff (1965b); Hashemi and Playford(1998)
Lister(1970); Dorning(1981)
Downie(1963); Lister(1970)

Cramer(1969); Thusu(1973); Diez and Cramer(1977)
Martin(1984)
Playford and Martin(1984)

Cramer and Diez(1977); Rubinstein ez a/.(1999)
Gorka(1979); Sarjeant and Vavrdovd(1997)
Cramer and Diez(1972); Dorning(1981)
Cramer and Diez(1972); Sarjeant and Vavrdova(1997)
Staplin(1961); Lister(1970)
Staplin(1961); Sarjeant and Vavrdova(1997)
Loeblich and Wicander(1976)
Lister(1970); Sarjeant and Vavrdova(1997)
Tappan and Loeblich(1971); Dorning(1981)

merous, their length typically exceeding 20% of the
vesicle diameter. They are slender, showing only a
slight proximal inflation, and hollow, their cavity
communicating directly with the vesicle interior. The
processes are usually homomorphic, but may show a
restricted degree of variation; they are closed distally
and exhibit a single order of branching confined to the
distal extremity. Distal branching is usually uniform,
into a low number of branches (2 to 6) ; occasionally
a few processes may be acuminate. The branches are
typically of equal or near-equal length and may show
secondary division into branchlets; they show no link-
age by trabeculae with other processes and are not en-

closed within an ecteilyma. Eilyma and surfaces of

processes laevigate or with inconspicuous ornamenta-
tion, but not striate or areolate and not exhibiting any
pattern of indentations. Excystment by cryptosuture”.

BB B AR 5E 5 FE 2R, J5aG S2R0E .
58 S EE G T mH B (/AL AR AR BRSO
W BOIR ) 5 S A B rp s (a] 5 52 A i aE )
HAHSY B 5] o3 A A BE 2 3~10 pm, AR i B A —
G or R A 5 S B FE IR R, R v B 2~8 AN A
PN BT NN Rl O s i 5 & T K WA NS
TYorp . SR KR /N TR 5E B AR [in Eng-
lish : Vesicle circular to subcircular in outline, origi-
nally spheroidal. Vesicle wall smooth or sculptured
(microgranulate, striate, foveolate or areolate sculp-

ture) ; Processes discrete, homomorphic, evenly dis-
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Table 2 Species newly included of Ammonidium in this study

(Y

JiJE 4,

124 ANAE £y

A. acaciaense

A. bifurcatum

A. bonitum

A. brevifurcatum

A. canadense
A. dispar

A. estrellaferum
A. furcatum

A. encantador
A. jardineae
A. kahleri
A. lichenoides

A. micropilaris
A. oligofurcatum

A. parvipinnatum

A. parvispinosum

A. piriferumgotlandicum
A. piriferumpiriferum

A. sprucegrovense var.

polyankistrum var. nov.

A. plenilunium
A. pustulatum
A. raplaense

A. winslowii

A. williereae

Multiplicisphaeridium
Multiplicisphaeridium
Baltisphaeridium;Multiplicisphaeridium; Thy-
sanoprobolus
Hystrichosphaeridium;:Baltisphaeridium:Mul-
tiplicisphaeridium
Multiplicisphaeridium
Pertusisphaeridium
Baltisphaeridium:Multiplicisphaeridium
Priscogalea;Baltisphaeridium:Multiplici-
sphaeridium
Baltisphaeridium;Gracilisphaeridium
Baltisphaeridium;Multiplicisphaeridium
Baltisphaeridium:Multiplicisphaeridium
Multiplicisphaeridium; Martinsphaeridium
Baltisphaeridium; Multiplicisphaeridium
Hystrichosphaeridium; Baltisphaeridium;Vis-
bysphaera; Multiplicisphaeridium
Multiplicisphaeridium;Martinsphaeridium
Multiplicisphaeridium; Martinsphaeridium
Multiplicisphaeridium; Baltisphaeridium
Hystrichosphaeridium; Baltisphaeridium;Mul-
tiplicisphaeridium

Puteoscortum

Naevisphaeridium
Baltisphaeridium;? Multiplicisphaeridium
Multiplicisphaeridium; Martinsphaeridium
Gorgonisphaeridium; Multiplicisphaeridium

Puteoscortum

Playford and Martin(1984)
Staplin ez al.(1965)
Jardiné and Yapaudjian(1968); Cramer(1970); Loeblich and Tappan
(1970); Eisenack ez al.(1973)

Eisenack(1954); Downie and Sarjeant(1963); Eisenack ez a/.(1973)

Staplin et al.(1965); Eisenack ez a/.(1973)
Turner(1986)
Cramer(1966); Eisenack ez al.(1973)

Deunff, 1961, 1964; Eisenack ez al.(1973)

Cramer(1970); Eisenacket al.(1973)
Jardiné and Yapaudjian(1968); Cramer(1970); Eisenack ez al.(1973)
Bachmann and Schmid(1964); Eisenack ez al.(1973)
Uutela and Tynni(1991); Sarjeant and Vavrdova(1997)
Cramer(1970); Eisenacket al.(1973)

Eisenack(1954); Downie(1963); Eisenack ez al.(1973)

Uutela and Tynni(1991); Sarjeant and Vavrdoval997
Uutela and Tynni, 1991; Sarjeant and Vavrdova(1997)
Cramer(1970); Eisenack ez a/.(1973)

Eisenack(1954); Downie and Sarjeant(1963); Eisenack ez a/.(1973)

Staplin(1961); Wicander and Loeblich(1977); Wicander and Playford
(2013)
Wicander(1974)
Schultz(1967); Eisenack ez al.(1973)
Uutela and Tynni(1991); Sarjeant and Vavrdova(1997)
Staplin ez al.(1965); Eisenack ez al.(1973)
Martin(1981)

tributed, 3 to 10 pum apart, and hollow (communicat-
ing unimpeded with the vesicle cavity), whose distal
extremity divided into only one order of branching;
the base of the processes are enlarged, and the distal
branching is divided into a cluster of 2-8 equal or near
flexible,

which may occur minor secondary division, occasion-

- equal length, and recurved branches,
ally, but no great variability of branching exhibited in-
to branchlets at tipin a given specimen. The process-
es are usually no longer than the diameter of the vesi-
cle.]

WABTE Ammonidiwm 37 89 J& Ak, H DU T 14 i
B (AEBKIE — R BKIE ) FEAE B9 B, A 2 2 Multiplici-

sphaeridium cazurrum (Cramer, 1966) Eisenack et

al., 1973, Multiplicisphaeridium continuatum Kjell-
1971 Fl Multiplicisphaeridium
nardense Eisenack ez al., 1973 ( Il Eisenack ez al.,
1973, pp. 563.571.790) I A @ TiZJ@ i i . 4 3¢
Tf B 5[] B MR R A, I 27 9% A R S 1) 70 A .
4 i A b . Naevisphaeridium Wicander, 1974
(Wicander, 1974, pp. 30, pl. 15, 4—6) % i B4 Hf
2 19 He R, oA 45 505 Ammonidium J& 1E JC 5
Puteoscortum Wicander and Loeblich, 1977 H. &
2B E 58 B, A0 AL X — R, B — 4L
AR P ORI RE . RE R 5B A 61
X BUE AR —$E 2, Lister (1970) 7 #:57. Am-
monidium W, A5 8 H: & T O 1 502 800, I KR
HAT MR — A R S0 2 A1k 7 Jes Ao 1 B A2 21, TR ik

stréom, sartber-
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A SCHW Puteoscortum M H Ammonidium 19 W 5
% .Craterisphaeridium Deunff, 1981 £ BRIE , A
25 B A, IR 5T R T L MR S L R h A FE R
PR AR 28 AR i 43 SR By 25 il i 4 2200k . Cra-
terisphaeridium %8 #% Wicander and Playford (2013)
X V5 K Puteoscortum W) W ity 5 44, B I, Crazeri-
sphaeridium J& W N, Ammonidium 098 H 5 2 . 10
A, Martinsphaeridium Sarjeant and Vavrdova, 1997
1) 7 T T TR R P 5 Ammonidium
macilentum Playford and Martin, 1984 (Playford and
Martin, 1984, pp. 192, fig. 5SA~5F) . % J& 055 5 2
XERE, ZRENEERZ .Perlusixphaeridium
1986 SME BRI , has | HLEE i 7 % i A
I RUR R R *ﬁé’%’fﬁ , Jﬁtﬁl‘ﬂﬁﬁ%%%‘éﬁ Ay o
s, ] 5 ST A B GE 12058 R i A A3 R A
¥4l K 5 5 M . Gracilisphaeridium Eisenack and
Cramer, 1973 AHRF i 72 58 B AR BT 4G s
5 S Y R S HL A FROE BLIR AR B L %8 R AL Ammo-
nidium J& M A5 & (Hill, 1974, p. 11;Fensome ez al.,

Turner,

1990, 58), UL I 3@ AEAR L T A Ammonidium
FR Bt S 40 AR AH BL B B 2 ARARLAY R 58 AR VR
A R R R S A R R AR i LA
SEFRAR A SO R 3T RIS Sy 1t S 44

Ammonidium loriferum(Deunff) Hashemi and
Playford(1998)

2 R Ammonidium microcladum (Downie)
Lister(1970)

B 1, 13—18

1965b  Baltisphaeridium loriferumDeunff, pp.
163; figs. 6—38.

1970 Ammonidium loriferum (Deunff) Lister,
pp- 49.

1973 Multiplicisphaeridium loriferum (Deunff)
Eisenack et al., pp. 675.

1996 Ammonidium garrasinoiOttone, pp. 121,
pl. 4, figs. 1~3, 6, 7.

1998 Ammonidium loriferumHashemi and Play-
ford, pp. 140, pl. 5, figs. 1,2.

&3 EB4 Ammonidium T B F 43 2
Table 3 New classification of selected species of Ammonidium
Hi b 4 JE 44 s PN’ PL’ PB’ PD’ fF& ARy
A. listeri 19~34 >50 3~5 0.6 <1 Smelror(1987)
Ammonidiumaduncum A. aduncum 33~75 =50 2~4  0.5~2.0 ca.l Playford and Martin(1984)
A. ballistum 38~59 >50 3~10 1.0~1.5 <1 Ottone et al.(1992)
Stockmans and Williere(1962a);
A. grosjeani 24~34  35~45 10~15 1~2  0.5~3 .
Eisenack ez al.(1973); Martin(1981)
Ammonidiumgrosjeant o
Stockmans and Williere(1962a);
A. hydraferum ca. 25  30~40  8~13 2~3 ~5 )
Lister(1970)
A. ludloviense 21~35 35~45 ca. 4 2~3 a. 1 Lister(1970); Dorning(1981)
Ammonidiumlodloviense
M. saharicum 21~34  ca. 30 4~6 2~3 <1 Lister(1970)
A. loriferum 30~40 ca.9  15~20 3~4 4~5  Hashemi and Playford(1998)
Ammonidiumloriferum
A. garrasinoi 29~40  8~10 10~20  2~3 5~6 Ottone(1996)
M. erraticum ca. 45 ca. 25 20~30 2~3 <1 Eisenack ez al.(1973)
Ammonidiumpiriferumgot- M. piriferumgotlandicum ca. 60 ca. 22 10~18 3~5 2~10 Eisenack ez a/.(1973)
landicum M. gotlandicum ca. 50 =>25 ca. 6 2~3 <1 Eisenack ez al.(1973)
M. piriferumhispanicum ca. 60 ca. 24 10~20 2~5 1~5 Eisenack ez al.(1973)
Ammonidiumpiriferumpiriferum M. piriferumpiriferum 60~90  ca.18 15~20 5~8 1~5 Eisenack ez al.(1973)
?A. paleozoicum ca. 30 ca. 11 ca. 10 3~5 3~5  Sarjeant and Vavrdova(1997)
Ammonidiumsprucegrovense ?A. sprucegrovense 30~43  12~18 17~25 2~3 3~5 Martin(1981)
B. microfurcatum ca.22  15~20 12~15  3~6 ca. 6 Deunff(1957);Fensome et al.(1990)
Ammonidiumsprucegrovense ~ ) )
Puteoscortumpolyankistrum — 38~58  15~18 13~24 2.5~5.0  3~8  Wicander and Loeblich(1977)

var. polyankistrum

. V. 5T B 2 (diameter of the vesicle); PN. %2 i % & (number of processes); PL. %8 # K & (length of the processes); PB. %2 3t & Y

‘B 7% (diameter of the bases of the processes); PD. %8 K ¥

i) H.4% (diameter of the distal end of the processes)
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1996 Ammonidium loriferum , Ghavidel - Syoo-
ki, pp. 410, pl. 7, fig. 8.

2001 Ammonidium loriferum, Ghavidel -
ki, pp. 44, pl. 3, fig. 1

2005 Ammonidium loriferum, Filipiak, pp. 14,
pl. 1T, figs. 3, 8.

2017 Ammonidium loriferum - Ammonidium

Syoo-

garrasinoi, di Pasquo et al., pp. 198, pl. 1, fig. 1
2018 Ammonidium loriferum - Ammonidium
garrasinoi, Noetinger et al., pp. 99, pl. I, fig. 1.
2020 Ammonidium garrasinot, de Andrade et
al., 2020, pp. 13, pl. 2, N.
2020 Ammonidium loriferum, de Andrade et
al., 2020, pp. 14, pl. 3, G.
JE 4 P AE (Deunf, 1965b) :*

section schématiquement polygonale vue en coupe

Coque sphéridale a

optique, comportant une dizaine d” appendices appar-
emment obturés a la base, terminés par de petites
lanieres groupées en forme de fouet. Diametre de la
coque=30 a 40 p.. Longueur des appendices=15 a 20
t. Diametre de base=3 a 4 p. Nombre de lanieres
terminales=3 a 5 p. Longueur des lanieres=4 a 5 p.”.

& 1T F fF (Hashemi and Playford, 1998) :“Ves-
icle circular to hexagonal in outline, originally sphe-
roidal to polyhedral. Eilyma 0.8 to 1 pm thick, psi-
late or very finely pitted (?corrosion effect). Process-
es discrete, homomorphic, spine-like in gross form,
9 to 10 per vesicle and well -differentiated from the
latter, hollow (freely communicating with vesicle in-
terior) , *rigid, same thickness as eilyma but surfi-
cially granulate-finely echinate. Proximal process con-
tacts angular to slightly curved; distal termini pal-
mately branched (4 to 6 conical branches, 3 to 7 pm
long, apices acuminate). Process dimensions: length
16 to 21 pm, basal diameter 3 to 3.5 pm, gradual dis-
tal taper (diameter decreasing to 0.8 to 1.2 pm near
point of branching). Processes fairly evenly distribut-
ed, 5 to 10 pm apart. No excystment structure ob-
served”.

%*i’JE(%‘ﬂlé‘iT)J?ﬁ‘*ﬂﬁ RHOE, R BA AR
J (1 s R B s AR 8~10 4%, iz oy B L)

Ui AR B BT oA, SRE Y HE TR, AR

Eﬁl{*mﬁﬂ OIARCES LT A By A, AR, g

B 2 3~5, % K 8R4 K (in English : Vesicle
originally spherical in outline, single - walled, and
very finely pitted; the processes are hollow, dis-
crete, homomorphic, tapering, and evenly distribut-
ed, 8 to 10 in number per vesicle, the base of the pro-
cesses are enlarged to form root-like structures; the
distal branching is divided into a cluster of 3 tro5 pal-
mately, equal or near-equal length, and recurved fila-
ments.).

R (BT 5 MR A) IR 58 B A% - 40 pm (45.98
pm) 50 pm; ZEAE K JE 17 pm(17.6 pm) 21 pm; i
FEFBIEE 23 um (4.6 pm) 5 pm; R B 4 pm (4.5
um)5 pm.

11 & Deunff (1965b) 3 ¥ A Baltispheridium
loriferum WTEA IR W IC (U 35K T2 R4
& ). Ottone (1996) F& f& Ammonidium garrasinoi ¥)
B e B 2 2 8 AR SR IE | 5 Ammonidium
loriferum M X 51 .di Pasquo et al. (2017 ) 38 /) 55 [F
Montana M /) #5 4% & Noetinger ez al. (2018) # & Ay
B AL A A A it 3 A Rl — b 2 B AR
T /4 BJE 19 S8 B R 550 AT BE B 5 O, PRI AR SO —
FH WA R —F Ammonidium loriferum 5 Puteoscor-
tum polyankistrum Wicander and Loeblich, 1977 [
AN TR FE R 5e S0 M L Ja 5 M — A% R (Wican-
der and Loeblich, 1977, pp. 148). 4¢3 T 37 45 It &5
A Je A R ) A bR A (Stachacz er al., 2021, pp.
734, fig. 9r) BRS¢ R M HA W] W O6 I FRAE AR SO
N K H B F Ammonidium loriferum , 1M J& F #r & Fh
A. levigatum n. sp, TR W5 3C.

7= b 5 B AR 322 [# Boulongnais 3 $i i ( Deunff,
1965b) ; P B #: 1] B (Ghavidel-Syooki and Owens,
2007; Hashemi and Playford, 1998; Taherian et al.,
2021) ; 3£ [E Montana M H #5 ¥5 ] B (di Pasquo et
al., 2017) ; i == v # ¥ 17T B (Filipiak, 2005) ; Bif 4R
& — e 75 4 (Ottone, 1996; Noetinger et al.,
2018) ; I P4 Parnaiba 4% # ¥ 4 4% B — 35 $7 B (de
Andrade ez al., 2020) ; B M 4 | Bl AR ZE T 4
i — 32 118 (di Pasquo et al., 2015) ; 35§ 75 4 15 /K
IR

Ammonidium sprucegrovense (Staplin) Lister,
1970

K1, 19

1961  Multiplicisphaeridium?

.spruc‘egr()vensis
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S BEIRIE Ammonidium Lister 1970 5 A G b i JH 5 K A= Wy )22 0y 28 2993

20
VELRR 1 BT A5 s AR 223 R R 36 G 7 S % AR A ) T it oy e
AT B
Plate 1 All the samples were collected at the upper part of the
lower member of the Hongguleleng Fm. from the Gen-
naren section
1~12. Ammonidium levigatumsp. nov.1. GNR62-92, 237.7
m; 2. GNR58-2, 224.7 m; 3. GNR58-33, 224.7 m; 4. GNR50
-98, 224.7 m; 5. GNR55-3, 216.1 m; 6. GNR58-1, 224.7 m;
7. GNR58-25, 224.7 m; 8. GNR62-4, 237.7 m; 9. GNR62-
5, 237.7 m; 10. GNR62-2, 237.7 m; 11. GNR62-91, 237.7
m; 12. GNR58-5, 224.7 m; 13~18. Ammonidium loriferum
(Deunff) Hashemi and Playford(1998). 13. GNR50-5, 200 m;
14. GNR50-4, 200 m; 15. GNR55-1, 216.1 m; 16. GNR50-
1, 200 m; 17. GNR61-1, 234.2 m; 18. GNR61-1, 234.2 m;
19. Ammonidium sprucegrovense, GNR55-4, 216.1 m; 20.
Ammonidium sp., GNR50-96, 200 m (& H kb il R =20 pm)

Staplin, pp. 411, pl. 48, fig. 22; pl. 49, fig. 6, text-
fig. 9j.

1970 Ammonidium sprucegrovensis(Staplin, 1961)
Lister, pp. 49.

1981 Ammonidium sprucegrovenseMartin, pp. 12,
pl. 1, figs. 13, 15.

1982 AmmonidiumsprucegrovenseMartin, fig. 1;
pl. 2, fig. 1.

1986 Craterisphaeridiumsprucegrovense( Staplin)
Turner, pp. 602—606, pl. 1, figs. 1~6; pl. 2, figs.

1~4.

1988 Craterisphaeridiumsprucegrovense( Staplin)
Lu and Wicander, pp. 118, pl. 1, fig. 3.

1989 Craterisphaeridium sprucegrovense, Cunha
and Oliveira, pp. 302, pl. 1, fig. 10

2005 Craterisphaeridium sprucegrovense ( Stap-
lin), Gonzdlez et al., pp. 63, pl. 4, figs. 8, 9.

2013  Puteoscortum  sprucegrovense (Staplin,
1961) , Wicander and Playford, pp. 610, pl. 4, figs.
7~9.

2015 Craterisphaeridium sprucegrovense, Gonzalez
etal., fig. SE~G5.

TR S R R BRI = 20008, BRE  rhas e
AR ZEN A ESUb ALV S EEVNCS T IO/
W) o3 An TR R, i) S ST [ b Sk
5 IR 2 M DX A 1) AR g 38 7 28 A R S R i
A~ HARIIAL, A3 LS (R B DG 2T A0 R i i
WA 40 H % %5 il (in English : Vesicle originally
spherical to polyhedral, single walled, and hollow. The
surface of the vesicle wall is subcircular to rounded
polygonal foveolate. Processes homomorphic, rigid,
psilate and evenly distributed whose interiors commu-
nicate with the vesicle cavity. The processes have ex-
panded bases that contacts angular to slightly curved,
and taper distally. At each tip, process divides into 4 to
8 in number, homomorphic, psilate, slender, tapering,
flexible, and solid branches).

RSP (EET IR A ) 76 AR 29 35.6 pm; &
HARZ56.6 pm; R K E 2 21 pm.

b FBE S Ammonidium loriferum 5 Crateri-
sphaeridium sprucegrovense J& IR+ 43 # A, {2 7 &
JEE 5e 2 T 2R SR e A 2 MR . Gonzalez et al.
(2015, figs. SE~5G) I C. sprucegrovense E# 15 A.
loriferum , i F %A fid AR MEDE— 25 HIWHZ M E T
A. loriferum 8% A. sprucegrovense. g i T 7 Lt ] I
2 5 VU R R R PES (9 C. spucegrovenses” (i K
C. sprucegrovense) br A (Pereira et al., 2018, figs.
8, 4) BE o R et , 1 Jg MR B, A SN i
br AN & F A, sprucegrovense. Puteoscortum poly-
ankistrum Wicander and Loeblich (1977) 5 Puteos-
cortum sprucegrovense (Staplin, 1961) , Wicander
and Playford (2013) #ME + 43 AL, X £ T Hif # 58
A AR S (1 4 B R B AT BRI B A R AR SO



2994 HiBR B 27

http://www.earth-science.net

A7 %

Puteoscortum  polyankistrum . N Ammonidium
sprucegrovense W A8 Ff | Bl Ammonidium spruce-
grovense var. polyankistrum Wicander and Loeblich
(1977). Baltisphaeridium paleozoicum (Stockmans
and Williere, 1962b, p. 56, pl. 1, fig. 12; fig. 13 5
Baltisphaeridium microfurcatum (Stockmans and
Williere, 1962a, p. 92—93, pl. 2, figs. 18~20; fig.
12) AT A B B R 2 bR A B e, JF BoAE 4
T TP B A 2 I e A TR A BT R R M, AR
SCAS X PO AR R B R L

7 5 AT BECF 7 R O B AR — AT
B (Gonzdlez et al., 2005, 2015) ; Jill & K 76 ¥ o 4
Fir (Staplin, 1961; Turner, 1986) ; b A B 85 47 B
W= 21T B R &8 (Martin, 1981, 1982; Kimpe et
al., 1978; Stockmans and Williere, 1962a, b,
1969, 1974) ; 4 % “F ¥ 71 (Cunha and Oliveira,
1989) ; &= [ Ilinois Fl Indiana M ¥ ] B (Wicander
and Loeblich, 1977; Wicander and Playford, 2013);
T S5 VG MR ZR T TR

Ammonidium levigatum n. sp.

FR1,1~12

1983 Hercyniana sprucegrovensis var. Spruce-
grovensis, Vanguestaine et al., pp. 129, pl. 1,
fig. 11.

2005 Craterisphaeridium sprucegrovense (Stap-
lin) Turner, Gonzdlez er al., pp. 63, pl. 4, fig.
7, 10.

2007 Ammonidiumloriferum, Ghavidel -syooki
and Owens, pp.140, pl. 4, fig. 4.

2021 Ammonidiumloriferum, Stachacz et al.,
pp. 734, fig. 9, r.

DR, B 8, AR A S : GNR62-4. L # - [ it
1, 2, GNR58-2.

il 8 J5E 5 5L 19 BN BDE | AP BE O | BLRE ;58
B2 6~14, 325 o0 A7, A SR K 2 11~21
pm , ARG 24 3~5 pm, G i 2% TS AN . 98 Ak K v A
A YR B, o BB 2 4~7, A K EUE
SR il gk E R B R Bk TS A i
i, 8 A I A K 29 4~6.5 pm (in English : Vesi-
cle wall spherical to ellipsoidal, laevigate, and single-
walled; processes moderately numerous (usually 6
to 14), evenly spaced, and rigid; the processes 11 to

21 pm in length, 3 to 5 pm in diameter at base, ta-

pering distally, whose distal extremity divided into
only one order of branching. The distal branching 1s
divided into a cluster of 4 to 7 palmately, equal or
near-equal length, flexible, and recurved filaments.
The processes are usually homomorphic and can com-
municate freely with the vesicle interior (cavity) ,
tips developed palmate pinnae (4 to 6.5 pum in
length).

K/NCET 1200 A ) JBE5E HA 2 23.5 pm
(32.33 pm) 35.9 pm; FA K JF :11.2 pm (14.7 pm)
21.85 pm; &R EEFFEE : 1.7 pm (3.5 pm) 11 pm;
SRR EE 4.3 pm (5.2 pm) 6.5 pm.

TRV OR IR TP T i levigatus, 3R R O
7.

Xt FPEMY Ammonidium levigatum n. sp. BB
W5 AL sprucegrovense Fl A. loriferum H HAHL . A
[) A T 58 5¢ 3% T ARG S0 A, 1T e R, 5
E SN LI N LS /NI 1< i A /7 N 46
“Ammonidiumloriferum” (Ghavidel-Syooki and Ow-
ens, 2007, plate 4, fig. 4)fB\-F EA g £, F it
Al g J& T Ammonidium levigatum n. sp.. 3 i T ¥
g b # AR e F R F Y Ammonidiumloriferum”
(Stachacz et al., 2021, fig. 9, r) 8 54 )6 /Y 4F
x , W N B8 F Ammonidium levigatum n. sp..
Gonzdlez et al. (2005) #3817 Lt R 2 5 (9 Cra-
terisphaeridium  sprucegrovense (Staplin)
(1986) , H it 4, 7~10 th i IR 7 1110 5 &1 8
FTO B AR BR T A A 22 53 41 18] 8~9 iR 5 & i
FA W] I 3 [ JE 2 1592 £L X (foveolae) . A L, &1
7THRI10 5 8~9 I AR [A] Fh , il 4 2 506 16 Ja T 2 A
A. levigatum n. sp.. LA M, S B 7 I 05 Wi,
(SR S I E I | Rt A T i v W T A 5
br A Hercyniana sprucegrovensis . Hercyniana

Turner

sprucegrovensis var. sprucegrovensis( U, Kimpe ez al.,
1978, pl. 13, figs. 5, 6; Vanguestaine ez al., 1983,
pl. 1, fig. 11) I B A 5 32 B 2B 4 34 19 11 7R 32
I, P IZ AR AR AT BE 8 T Ammonidium levigatum
n. sp.. B RL AR mE N BT diCE A 8 4 8 0 T AL
loriferum J A. sprucegrovense I H:[7) XL 44 BB 53 5
AT HEJE T Ammonidium levigatum n. sp..

[ IR I A LA S I A Sl 7 Ty
(Pereira et al., 2018; Gonzdlez et al., 2005 pp. 63,
pl. 4, figs. 7~8) ; F W] A< db # v& 17 B (Ghavidel -
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Fig. 3 Idealized line drawings of selected Ammonidium spe-

cies described from literature
1. Ammonidium grosjeani(Stockmans and Williere, 1962a) Martin
(1981);2. A. alloiteaui(Deunff, 1955) Martin, (1981);3. A. waldrone-
nse(Tappan and Loeblich, 1971) Dorning(1981);4. A. multipugiuncu-
latum(Cramer and Diez, 1977)Rubinstein(in Rubinstein ez al., 1999);
5. A. lewisii Lister(1970);6. A. aduncum Playford and Martin(1984);
7. A. loriferum(Deunff) Hashemi and Playford(1998);8. A. maravillo-
sum(Cramer, 1969) Thusu;9. A. furtivum Playford and Martin(1984);
10. A. microcladum(Downie, 1963) Lister(1970);11. A. iowaensis
Wicander and Wood(1997);12. A. uncinum Loeblich and Wicander
(1976);13. A. conicum Pothe de Baldis(1998);14. A. sprucegrovense
Martin(1981);15. A. cornuatum Loeblich and Wicander(1976);16. A.

levigatum n. sp.

Syooki and Owens, 2007, plate 4, fig. 4) F1 7 & Jb
#BEETTBY (Stachacz et al., 2021, fig. 9r).

4 Ammonidium Jg F HAH TP H= 4
2 Ky B o A

4.1 EWHER

A M JE A E AR W AR A B IS o A e 2B
BN A B AR A DL K o b J2 0% R kb BT AR AR T
BAHEZEEM (. 034, 2020) Ammonidium A
O T 7R SCHR Y M2 0 A UL T 4L DN SCHER MR A B A=
Yoy AEIT R E , Ammonidium B 50 RO BT
IR S (ERG?) W Multiplicisphaeridium ca-
nadense Staplin, 2% 3CK; % F1 5 & Ammonidium , J&
PRl o B B T 98 1 oK oy . 1% B B TR
a, Fﬁﬁ'ﬁﬂﬂ?%{ﬁﬁﬁHﬁﬂE@(Ml%%m%lppmn VEwr3
78). BB 20 Ammonidium A 13 M-S EN , 3

A

nov., A. macilentum, A. furtivum, A.

multipugiunculatum, A. furcatumcomb.
raplaense
comb. nov., A. parvipinnatum comb. nov., A. adun-
cum, A. acaciaense, A. bifurcatum comb. nov., A.
belmontiforme, A. olsztymense, A. lichenoides comb.
Hh AL par-
vipinnatum comb. nov. fl A. aduncum 7] JEff 2 75 8
22 (Landovery to Wenlock ) o3 & ff 32 250 #ii T
$I — 77 (Deunff, 1961, 1964; Cramer and Diez,
1977) . & & & W Llanos %% #i (Rubinstein ez al.,
2021) . ¥ (Ghavidel-Syooki, 2006) . 8 & FJ 1. 7§
#k Canning Basin(Playford and Martin, 1984) | % ¥
Je W. (Uutela and Tynni, 1991) . B #2 & (Ottone ez
al., 1992) . F+ # Bornholm (Smelror, 1987) | 7§ %
(Uutela, 1998) Ml = (Gorka, 1979).

&2 Ammonidium it 1B B % 14 B3, A
I, K Ammonidium MR 75 B8 40 5 M8 JE (Ja-
chowicz, 2000). H:H 94~Fpnf )\ 2% £ 451 5t (Lland-
overy) FEfft 2 % 3% 45 (Ludlow) , 245 it i T 3%
E Ohio, Kentucky #1 Indiana B9 A. micropilaris
comb. nov. Ml A. encantador comb. nov. (Cramer
andDiez, 1972) ; iz i T b 3¢ S U0 45 BT H A1 9 A.
palmitella (Cramer and Diez, 1972; Le Hérissé et
al., 1995) s 38 T Jig ML S A% 22 P HESF ML 3B
A. olz'gof'urcamm comb. nov. (Eisenack et al.,
1973) ; i 1 F J£ 4% % (Downie, 1963) | & /R 2%
(Higgs and W11hams, 2011) | 57 P %8 (Jankauskas
and Grityté, 2004) .2y H (Keegan et al., 1990) V04
BT $7 /4 (Le Hérissé et al., 1995) . F} % (Smelror,
1989) . Jll % K (Eley and Legault, 1992) | % it (Er-
iksson and Hagenfeldt, 1997; Calner ez al., 2006) .
Fif 48 ZE ( Garcia-Muro and Rubinstein, 2015) i E‘,Tﬁ
£ (Gray et al., 1992) /) A. microcladum ; ¥ 38
M EFHE 2% 5 19 (Eisenack, 1954) | 3 [ Kemucky,
Ohio, Georgia (Cramer, 1970) M 5% #% %
(Downie, 1963; 1970) W1 A. brevifurcatum
comb. nov.; i F A% = (Lister, 1970; Dorning,
1981) . Bl #R #E (de Inunciaga and Gutiérrez, 2011)
K+ B H (Lakova and Goénciioglu, 2005) fJ A. lud-
loviense ; i} i8 T Fi Ht (Schultz, 1967) BY A. pustula-
tum comb. nov., FIHRIE T i 2R 45 2= By PHPES b
5B IE Bk ORI LG L 5 ) i | L R ISR OE A 22 Y

A. piriferum gotlandicum comb. nov. 5 A. piriferum

nov., X A. parvispinosum comb. nov..

Indiana,

Lister,
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piriferum comb. nov. ( U, Eisenack ez al., 1973,
p. 739).
A 3T IE TR % 758 (Wenlock) , 43 51l 2 #i
i T 92 [# Kentucky M ) A.?7 pequenhum (Cramer
and Diez, 1972) , 3 [# Indiana I B9 A. waldronense
(Tappan and Loeblich, 1971) Fl Wy i 72 37 45 (1) A.
crinitum( Grishina in Grishina and Klenina, 1981).
B G 2 /5 HIE R 48 (Pridoli) iy AR 3
A B R 1y A. kahleri comb. nov. (Bachmann and
Schmid, 1964 ) ; B /R Az ) 45 47 (Jardiné and Ya-
paudjian, 1968) . F| kb (Cramer, 1970) V4 8 74 K&
%% [ Florida (Cramer, 1970; Cramer and Diez,
1972) W A. jardineae comb. nov.; P ¥f 2 74 Jb 3
(Cramer, 1970) 4 A. estrellaferum comb. nov.; 3¢ H
Pennsylvania, Ohio, Indiana F Kentucky HJ A.
maravillosum (Cramer, 1970; Cramer and Diez,
1972). 4% 2= (Lister, 1970) B9 A. ? variabile; b #R
%E (Pothe de Baldis, 1998) M i &
Svobodova, 2010) # A. conicum; 3% E Oklahoma
M FbE (Vavrdova and Svobodovd, 2010) 5 Bl 4 &

(Vavrdova and

(Muro et al., 2018) By A. cornuatum ; Vi ¥¥ 4 (Cram-
er, 1970) i) A. belmonte; V¥t 4 (Cramer, 1970) fi]
/R K F]F (Jardiné and Yapaudjian, 1968) , ] It i
(Cramer, 1970) f € [ Oklahoma (Loeblich and
Tappan, 1970) ) A. bonitum comb. nov..

VA LZLA 17 DR PEHIE , bR 1 A S0 bk i 42 )2
M A. loriferum, A. sprucegrovense fl A. levigatum n.
sp. LLAb , i 411 45 3¢ 8 Oklahoma (Loeblich and Tap-
pan, 1970) B9 A. uncinum, V4 £ 7F ) A. carrascum
(Cramer, 1966) , ¥ EH 1y A.
1965a) , 5= KA EE B B 09 A, alloiteaui (Deunff,
1955; Martin, 1981) , 3% [ Towa MM 9 A. iowaensis
(Wicander and Wood, 1997) I 8 K | . 74 5 i A.
inornatum(Colbath, 1990). H: 4% iy 3 248 T L
e %5 58, A 45 L A i A0 ET 5 AL 8 AL grosjeant
(Stockmans and Williere, 1962a; Lu and Wicander,
1988) , 3£ & Ohio M 4 A. hamatum . A. plenilunium
1974) , & KB A. trunca-
tum (Staplin, 1961) il A. dispar comb. nov. ( Turn-
er, 1986) , tb # B B9 A. maritimum . A. williereae

exoticum (Deunff,

comb. nov.(Wicander,

LY CER

HEMA s e

Ammonidium FREG | RES | ERES%

=2 IEN

H 4

5 HLE

w% iR 4

i 4% 70 5 | K 4 R &% 4t G

Tre.| Fol. |Dap.| Dar. [San|Kit.[Him

Rhu,|

Aer.

Tel

She.JHomJGor| Lud. Loch[Prag.| Ems.| Eif| Giv.[Fras.| Fam.| Tour.

Ammonidium canadense el
Ammonidium multipugiunculatum
Ammonidium furcatum
Ammonidium macilentum
Ammonidium furtivum
Ammonidium raplaense
Ammonidium parvipinnatum

Ammonidium aduncum

Ammonidium acaciaense
Ammonidium bifurcatum
Ammonidium be [m()nnﬁ)r me
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Stratigraphical ranges of all known acritarchs of Ammonidium from the literature
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comb. nov.(Martin, 1981;Martin, 1984). {18 — 32
B2, A. winslowii comb. nov. & ¥l J& T Gorgoni-
sphaeridium Staplin, Jansonius and Pocock, 1965 J&
(Staplin ez al., 1965) , J5 #% Eisenack et al. (1973) &
T Multiplicisphaeridium , JE e />8R 18 T A w28
) Fifr

M S AT LLE 1, 34 S AR LY A, B AL
loriferum . A. sprucegrovense . fl A. levigatum n. sp.
FEMIE Tk Bl AL, JUH 2 TR (Staplin,
1961;Deunff, 1965b; Wicander and Loeblich, 1977;
Martin, 1981; Lu and Wicander, 1988; Cunhd and
Oliveira, 1989; 1998;
Ghavidel-Syooki, 2001; Filipiak, 2005; Gonzalez et
al., 2005; Ghavidel -Syooki and Owens, 2007; de
Andrade ez al., 2020; Wicander and Playford,
2013) . A. loriferum 1€ KR 3¢ K fifi (Laurussia) | V8§ X L
44 (West Gondwana) . %k X FL 44 (East Gondwana)
M 5% 5 7 45 A Bt (Kazakhstan Plate) #7478, % Fb
i P B TP X R 4N P8 2 G 0 T 4R B, R AE P
X BL 294 K ol A e 2 325 1] B, 7 IR 5 O ol S i 22 4 7
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IX] T 43 K ol Ry % e ST 48 Al B o Y o il RO R

Hashemi and Playford,

T IR PR (H AR GE TR (AL levigatum
n.osp. U BT B, R R AT AR O TR )
IS R A9 25 e
42 HHMIESH

KT HL BT 5T BE A T 2B TRV I D0 A 9 o 3
Kt B Ay BRI C A MR 2 (40 : Le Hérissé et
al., 1997, 2000; Li and Servais, 2002; Servais et
al., 2003; Molyneux et al., 2013).Molyneux et al.
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F AL AE 7 45 3 (Molyneux e al., 2013).Cramer
and Diez(1974) 221 T 8¢ KL 0y B I 28 1y b 3 43 X,
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Fig.5 Stratigraphical distribution of A.loriferum, A. sprucegrovense, and A. levigatum n. sp. discussed here in the four main pal-

aeogeographical domains
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Fig. 6 Palaeobiogeographical distribution of the Ammonidium-bearing assemblages on palaeogeographical reconstructions of the
Middle Ordovician (a), the Silurian (b) and Late Devonian (c)
L ENE A Boucot e al.(2013)
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P X EL 40 B A AL 77 30 (Shen ez al., 2019).
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cortum Wicander and Loeblich (1977) , Crateri-
sphaeridium Deunff, 1981, Pertusisphaeridium Turn-
er (1986) Ml Martinsphaeridium Sarjeant and Vavr-
dova(1997) %5 M L8 98 A Ammonidium J& 1 W
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