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Abstract Micro-brachiopod Eohadrotreta zhenbaensis has been constantly reported in Cambrian Series 2 of South
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China, such as the Shuijingtuo Formation of southern Shaanxi Province, western Hubei Province and Jiumenchong
Formation of east Guizhou Province. Herein, for the first time, we report a large number of E. zhenbaensis collected
from the thin limestone of the Cambrian Stage 4 Tsinghsutung Formation at the Panxin section in Songtao County of
Guizhou Province. The specimens of E. zhenbaensis from the Tsinghsutung Formation include the whole 3 develop-
ment stages, pedicle foramen forming stage, pedicle foramen enclosing stage and intertrough increasing stage. The
morphological characteristics of E. zhenbaensis reported herein are more similar to the specimens from the Shuijingtuo
Formation of southern Shaanxi and western Hubei in the shallow Yangtze platform, but they are slightly different from
these from the Jiumenchong Formation of east Guizhou in slightly deep water slope. In short, the discovery of the
E. zhenbaensis from the Cambrian Series 2 Tsinghsutung Formation at Panxin section further expands its paleogeographic
distribution of this genus during Cambrian Epoch 2 in South China, which can also enrich the brachiopod assemblages
from the Tsinghsutung Formation, and provide new material for the study of the morphologic variations of E. zhenbaensis.
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SYSTEMATIC PALEONTOLOGY

Subphylum Linguliformea Williams et al., 1996
Class Lingulata Gorjansky and Popov, 1985
Order Acrotretida Kuhn, 1949

Superfamily Acrotretoidea Schuchert, 1893
Family Acrotretidae Schuchert, 1893

Subfamily Acrotretinae Schuchert, 1893
Eohadrotreta Li and Holmer, 2004
Eohadrotreta zhenbaensis Li and

Genus
Type species
Holmer, 2004
Description Eohadrotreta zhenbaensis has a ven-
tribiconvex and subcircular to transversely oval shell.
The average valve length is 1095 pm, with variations
from 514 pum to 1745 pm in the dorsal valve. The

Key words
LI

i e s — KRB LA REYS . Bx, U
21 76 i D8 1R U N [ 5 TG R M B A, AR Hb BT
Ji s 5 LA (4R, 1966; Zhang et al.,
2008). FEHRLWi LA EE, RFEMBES)
YA A AT e A2 ok B T RO R 5 50 R 28 B
A2 D12 (Topper et al., 2013). 1My 7] & i) & 2 U1 Y
1) i A2 Bl ) A A TE FE R B = A R
(Harper et al., 2017). FL L UL 4f0 01L&
Eohadrotreta H 2004 )& LAK(Li and Holmer,
2004), CAHARRIE T4 7 B RgBm . RZR .

P4 7K B H X (Li and Holmer, 2004; i #3445 2016;
Zhang et al., 2016a; Zhang et al., 2016b, 2018a,
2018b), LR B Zk(Pan et al., 2019), L\ =
Ty e L KR IV g 0 b X RN i AR 9 25 L (Popov
et al., 2015; Betts et al., 2017; Claybourn et al., 2020),

length-width ratio is on average 0.845. The dorsal
cardinal muscle scars are pronounced, on average 456
pm long and 1010 pm wide. The median septum is
well developed, which extends anteriorly to two-thirds
of dorsal valve length (about 0.73 of valve length).
Furthermore, the submedian septum is well developed
on both sides of the median septum. The median but-
tress is well developed. The average dorsal
pseudointerarea width is 745 pum, to about 1/3 of the
valve width. The average valve length is 1085 pm,
with variations from 315 um to 1873 pm in the ventral
valve. The ventral pseudointerarea is procline, divided
by a narrow elongate intertrough (on average is 94 pm).
On the internal surface of ventral valve, the apical
process and the paired cardinal muscle scars are de-
veloped.

Eohadrotreta, micro-brachiopod, Tsinghsutung Formation, Cambrian, Songtao of Guizhou

e FE AR EE 4N s b 2 508 LU EE B AR A A (B
HoudE, 2017). @ H Al C s M A
Eohadrotreta zhenbaensis. E. zhujiahensis #1 E.
haydeni (Li and Holmer, 2004; Popov et al., 2015).
HrH E. zhenbaensis &£ Fg kIR £h & 1o FE R4 7
M 2 sh e RO )2 0 A ) Bl 2 — (Zhang
et al., 2016a). Hi A xR X 5E i RK I e
H1f) E. zhenbaensis 7o i@ 4 /AT TR, K
P Fe A A R T ORAF 1 R B8RS 5% 1) 2 R 4t L AR
TN A 6 % R 20 M B 1 23 A AR AT T W AT
(Zhang et al., 2016b; FKEFLEE, 2017). th4h, Zhang
Z£(2018b)X E. zhenbaensis 11/ &k & 18 203k AT 1
Fi, FEHRI 7 B ZALE s 22 AL E PRI AE BV
K 3 B BRI E. zhenbaensis E A& # &%
el AEK KB, EELIEZ BEnEAK,
DA AT Hh BRSO B A2 2 A 55 09 K B P AE(Zhang et
al., 2018b). fHFLFL VIRA R IR LA K 5 H Al
TE DU (1) 22 80 2 9Kk R I8 1R M 72 (Holmer and Po-
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pov, 2000), 137 K& A IESE LIESL.

I, 2 W R Tk vk 7R 51 M A Bk 44 3 T
TR RG22 K 5 T IR1e T KBRS £
[] Eohadrotreta {1t i A5 4%, % 7 A E. zhenbaensis.
E. zhenbaensis Jy & (X FEAA BRI RE TR 20 R 3, AT
R 52 X35 R 41 A 2 s T 3 R R
Eohadrotreta J& & FRAIE B L2 AL 8T 10 4k A UE 3,
[F R e 7 izm A e R A 5
Hi 3 A3 A7

2 MR

A ST M ORE R A AE TS R A, T
M BN B BT AR E R EE (B 1-A). 1
TR R, kB EHmA T 891 6 il 2 (K
1-B) (&5, 1979) 0 St MM B X FE R R 72 5
i, BRI AR ZA. ST g, AR .

BRI Sad. AR KA 2L RSB CGHRIE,
1987). ERIHAANEENKA . AsliKea &
FIBARICE o B i, FHERI(1945) 55 1E IR U I B4
K1 ARERRKLIHGS T —ESRERAaGKS”,
J& T B (1962) K H LRI MR 4L, AV 7 5
M~ ) T A b 3 T (P B %% 55, 1979)

ZE AR N AT, 5RO RS Bk Hh X 5 R R TE R
HAEMEEEUKAERNE, 7R ENWES: R
MR R 4R K 5, 77 Redlichia chinensis; k-
O JE R IK S, £ Redlichia sp.28 = I (kK
WA, 1966). A SCHEFLH AL T A Bk B 385
BIZR 1 km PHIE, 230 1 R 4 H B AN 4, RS
R EE, A R, 3B R O R R
T 0 - K SR R R AR K S R R K
IR 37 mo B SR (2013)48 XL K
K 8 2 IR R 2% T K B DTAR I B 43 A
TN AT BE N BIR AK P 3 AR DT
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Fig. 1 A: Map showing the geographic location at Panxin section of Songtao County, Guizhou Province; B: The stratigraphic districts of early Cambrian of
Guizhou (modified from Zhou et al., 1979); C: Stratigraphic occurrence of Eohadrotreta zhenbaensis

AT R B v M R Bk A s R R A K
R AR PR phvE Ab L S, TE B K PR 0 2 B
LKA RS T ORE R AR A, A
RN AT . WA R IR S I g2
HoE, WATRI X L 2 St A A R & 1)
B2 451 U1 Eohadrotreta zhenbaensis. 7 SCHfiik [
E. zhenbaensis 33 7= T~ Fa Bk B 45 1 10 (1) 375 K& VIR 26 i3
JE TR 5 A (B 1-C)e

3 RGHAEME

FER.AT|[T Subphylum Linguliformea Wil-
liams et al., 1996

FHF.DI4M  Class Lingulata Gorjansky and Popov,
1985

ZLFLDIB Order Acrotretida Kuhn, 1949

#oFL W8 s

Superfamily Acrotretoidea



166 HoAE W

¥ iR 59 %

Schuchert, 1893
ZAFLNA Family Acrotretidae Schuchert, 1893
AFLOITER  Subfamily Acrotretinae Schuchert,
1893

¥ DIE  Genus Eohadrotreta Li and Holmer,
2004
= #  Eohadrotreta zhenbaensis Li and

Holmer, 2004

FAE  STRARBEXUNY, R SR T A R O
¥, BARTRMEA RTEHURE . E5e WG 2
AR AR AL MERECA T A R, T E
WRE; WETFL(pedicle foramen)k & ¥ £
FEBCRE, PG 8 E WK (cardinal
muscle scars) B & ; ] ik % (vascula lateralia)
KB Tz (apical process)i 58 K &; LTt
Wik . B, HEEREHE, REmA; b
% (median buttress) K &; ' fEH (median septum)
KREWE, Hiare g 12 52K (Li and
Holmer, 2004; Holmer and Popov, 2007; Zhang et
al., 2016a; Lietal., 2017),

FHS5EREAM R, R KB R MKIL,
fedbtr B 2k, = DR HE, ORI, R AR
FERARE 4,

$E @351+ D1 Eohadrotreta zhenbaensis Li and

Holmer, 2004
(& 2-4)
2004 Eohadrotreta zhenbaensis, Li and Holmer, p. 204-208, figs. 11-13.
2007 Eohadrotreta zhenbaensis, Holmer and Popov, 2560-2562, figs.
1693-1694.
2010 Eohadrotreta zhenbaensis, ¥E¥£%, p. 516, EIARII, K 1, 2.
2015 Eohadrotreta zhenbaensis, Yang et al., figs. 9E, 9F.
2016 Eohadrotreta zhenbaensis, Zhang et al., figs. 4, 5.
2016 Eohadrotreta zhenbaensis, fi#34 JHE 4, 5.
2017 Eohadrotreta zhenbaensis, 7k &34, Kl 2-7.
2017 Eohadrotreta zhenbaensis, Li et al., pl. 3, figs 6-10.
2018a Eohadrotreta zhenbaensis, Zhang et al., figs. 1, 2b—2h, 3.
2018b Eohadrotreta zhenbaensis, Zhang et al., figs. 3—6.
2019 Eohadrotreta cf. zhenbaensis, Pan et al., fig. 3
2020 thadrotreta zhenbaensis, Claybourn et al., figs. 5, 6.

MR 3L 100 MubrAc, 5T 43 M E5E
*Az ““H’E%%H%ﬁﬁ@ 5 M, ,\EP{%Y??FM?EW
SEREOF IR AR, 5 9 K, 1R 10 L,
Eﬁ%;@lﬂﬁ%ﬁﬁ@ﬁ 2 #.
IR SARREETREEEMEY, BRI ESYS
M EEGW T (B 2, 3). B, S0 2
B (K 2-A, 4-A, 4-E, 4-G), 72K N 514 um 3|

1745 pm, “FH5EK A 1095 pm; 585 N 599 um F
2404 um, “FHFEHE N 1367 pm. FERFIEIK B LT
N 0.845, SEHMK TRKER 1), TRIREK
BRLHG(E 4-F); A7 52532 A0 E TR

FTAm(E 4-H). 552 W58 EWLJE (Cardinal muscle
sca) K B & (B 4-B, 4-0), FHENIEK N
456 um, F¥FENIRFE N 1010 pm (K 1); F K
(median buttress) & B (&l 4-B); 15 % i (median
septum) B & & & (B 4-C, 4-D), “F3F R K
1324 pm, 250K 19 /T 284 3 52 K 0 b a7 & (]
4-B), PR K 55K L(Ly/Ln) N 0.73 (GR 1);
J 4 b wwu B 2 % & @l H B AR (submedian

septum). 1 5o A H 98 (Wp) N 745 pm, 7 5
L 1/3 (Wp/wmjj 0.31, W& 1),

A B
. 5

median buttress

AR

cardinal
muscle scar|

Bl R iR
submedian
septum

@R
median septum S—
200 pm

B2 OGS U N SRS R R
Fig.2 Reconstruction of internal morphology and structure on the dorsal

valve of Eohadrotreta zhenbaensis
A, BN, AT D4px2-2-02; B. Wit WML E R E;
OEBEMARE S B5kEREE., 2017),
A. Interior of dorsal valve, Specimen No.: D4px2-2-02; B. Reconstruction
of internal morphology and structure of dorsal valve; the anatomic terms
of Eohadrotreta zhenbaensis after Zhang et al., 2017.

AETL

pedicle foramen

1 ik

| vascula lateralia

cardinal
muscle scar 200 pm

K3 B IUET N BB A S
Fig. 3 Reconstruction of internal morphology and structure on the ventral
valve of Eohadrotreta zhenbaensis
A BTN, PR S D4px2-2-03; B. IR A
OBEFEMARE S Bk EEE., 2017),

A. Interior of ventral valve, Specimen No.: D4px2-2-03; B. Reconstruc-

iR,

tion of internal morphology and structure of ventral valve; the anatomic
terms of Eohadrotreta zhenbaensis after Zhang et al., 2017.
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K4 St RSB £ ) T 7 TR AL A L ot D
Fig. 4 Eohadrotreta zhenbaensis from the Tsinghsutung Formation at Panxin section in Songtao, Guizhou

A. TFFEHMIL, ATpx2-6-19; B. T 7E WAL, D4px2-2-02, T R(AHk); C. B HIBCRMLE, 15 EAURCEFK); D. B BUBCRHLE, 15 P RabR k), &l
SRR k) B, 75720, ASpx2-5-16; F. E IACKHLE, [R-0LUH; G. 1572504, ASpx2-5-12; H. G BUMCK ML, 73T B SoiR 72 1.
fE5E SN, BTpx2-6-38; J. BUKIEFEAMI, A8px2-5-25; K. 7SR, C5px2-3-01; L. K BB, 2 A8 k), WEILRR k) M. BRI
ShHL, DSpx2-2-03; N. M MBCKHLIEL, WZESL(RHET k), ZEHMW(HRE k), O. FFM, REHAZELLLH k), C5px2-3-33; P. TN,
D4px2-2-04; Q. FEFENML, WEFLJEFi k), TIHICAF k), D4px2-2-03; R. Q AR, Mk E (U Hik), THZRCEAFTK); S. Q MIBCKILIA, BEE
WURHET k), MBKE 0T k); T. BB EA, WEFLJRF LK), THTEERFK), L1px2-2-05. A bRA SRAFAE BT MR 22 b AT FE o

A. Exterior view of dorsal valve, px2-6-19; B. interior view of dorsal valve, D4px2-2-02, median buttress (arrow); C. magnification of square in B, cardi-
nal muscle scars of dorsal valve (arrow); D. magnification of square in B, median septum of dorsal valve (arrow), submedian septum (tailed arrow); E.
exterior view of dorsal valve, A8px2-5-16; F. magnification of square in E, concentric ornament of dorsal valve; G. xterior view of dorsal valve,
A8px2-5-12; H. magnification of square in G, the circular pits on protegulum of dorsal valve; I. exterior view of ventral valve, B7px2-6-38; J. exterior
view of ventral valve, A8px2-5-25; K. exterior view of ventral valve, C5px2-3-01; L. magnification of square in K, pedicle foramen (tailed arrow), inter-
trough (arrow); M. exterior view of ventral valve, D5px2-2-03; N. magnification of square in M, pedicle foramen (tailed arrow), intertrough (arrow); O.
posterior view of ventral valveopening pedicle foramen (tailed arrow), C5px2-3-33; P. interior view of ventral valve, D4px2-2-04; Q. interior view of
ventral valve, pedicle foramen (tailed arrow), apical pits (arrows), D4px2-2-03; R. magnification of square in Q, vascula lateralia (double arrow), apical
process (arrow); S. magnification of square in Q, cardinal muscle scars of ventral valve (arrows), vascula lateralia (double arrow); T. articulated dorsal and
ventral valves, L1px2-2-05, pedicle foramen (tailed arrow), larval shell of dorsal valve (arrow). All specimens are reposited in the Guizhou Research Cen-
tre for Palaecontology, Guizhou University, Guiyang, China (GRCP, GU).
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E. zhenbaensis. E. zhujiahensis 1 E. haydeni,
TR PERG (Li and Holmer, 2004). % 75 (5K
A4 2017; Zhang et al., 2018b). ¥4 7 JBR VL 3
X (f] B8 % 5, 2016) AL PR 2k (Pan et al.,
2019). = i ffE(Popov et al., 2015). ¥ AKF]E
R A 9 2 Hi X (Claybourn et al., 2020) .
E. zhenbaensis 5 E. zhujiahensis [ [X %] = B4 J5
RSB BN, HAEKE G RN ZLLZ
76 B4 A5 5% (Li and Holmer, 2004); 5 E. haydeni
BB B A [H FE ZAE T E. haydeni 5 F FE AR
(median septum) Fl i % & [f (pseudointerarea) A~
KB, "% (median buttress)Fl = JLJE (cardinal
muscle scar) AHBJE (Popov et al., 2015).
FABE#L/Z ) Eohadrotreta zhenbaensis #5471
%%ﬂﬁﬁ%ﬁomu%n%%%ﬂEm#%ﬂ
E. zhenbaensis FrALU{E 0.851 (FK&EEEE, 2017,
1M, A BR AR R E RS AR R B
(Kl 2, 4-B, 4-D)5PkFd(Li and Holmer, 2004, Fig.
11-L) Ak 43 /K H:7E 41 E. zhenbaensis (Zhang et al.,
2016a, Figs. 4-L, 4-M; k&R, 2017, B 3-C;

Zhang et al., 2018b, Figs. 5-J, 5-M)FpAAfL; 5
%?EDTWIJLI]{EF?H E. zhenbaensis ATy 7K 5
ELAE (0.781, {ATH 2% 2016, £ 1) &R 2
iR, M E Elﬂﬁmﬁifﬁa(ﬁw,\m 2016,
WK 5-A, 5-E)ISH # 5F .

e HR¥E Zhang 25(2018b) %} H g 7K H: 1w 41
Eohadrotreta zhenbaensis Mk & & M2 45/
9 ~, E. zhenbaensis 45K & & & 28] ¥l Ay
W ZE AL O B (T 1) I 22 FL3 L B (T2) fiAg B
VAR BE(T3) . W ZEFLIE B B (T 1) R AIE R B
N FEFAKAE 346 um F 448 um 2 JA], 55K
KAE N 450 pm, PIZEFLETFRCR, RZELEKNT
R ZEFLFE (Le<Wip) o RIZEFLE I BU(T2)HE T e K
7E 448 pm 2| 785 pum Z 8], FERAREAK, W\ FTLEfH
Z5eK 53%, MR KAE 450 pm F] 750 um [,
P ZEFLE M I . 22 VAR Y B (T3) R N
e d/MEN 785 um, FEERECRF, 17 HTLEH
Z5K 69%, FIHBH BN > X, PO BR AR Ak
H, BEFRFKERMEN 750 pm, RIZEFLIE R S M
BT, WZEFLEK KT RIZEFLTE (Le> W) (3R 3).

x1 HEBRAENERIFZGEMRTRIER

Table 1 Main dimensions and ratios of dorsal valve structure of Eohadrotreta zhenbaensis

D W W, w, Ln L. L, L, Lo/ Wi Wo/ Wi, Ly/Lin LJ/Ln
N 18 9 9 17 9 9 9 17 6 5 5
Mean 1367 1010 745 1095 456 1324 79 0.845 0.31 0.04 0.73
Min 599 671 494 514 268 900 52 0.776 0.28 0.03 0.65
Max 2404 1591 1142 1745 702 1753 90 0.901 0.36 0.05 0.81

S 530 283 212 381 140 321 23 0.036 0.024 0.006 0.062

W BTAENESERAL pm; 455 D. 5 N & S, AniEZ; Min. 5/ME; Max. B KMH; L, Wae 52 K5 %; L, We. ENURK55E, L, W,

A 5%, L. PRREK.

Note: All measurements are in micrometers; Abbreviations: D. dorsal valve; N. number of specimens; S. standard deviation; Min. minimum; Max. maxi-
mum; Ly, Wp,. length and width of valves; L., W.. length and width of cardinal muscle scar; L,, W,. length and width of pseudointerarea; L;. length of

median septum.

*2 HERHNBEREELEHRTRER

Table 2 Main dimensions and ratios of ventral valve structure of Eohadrotreta zhenbaensis

A\ L¢ We Ln Wn L; Ly/We L/Whp,

N 4 7 7 7 8 4 6
Mean 71 79 1085 1254 94 0.985 0.854
Min 62 66 315 381 24 0.79 0.809
Max 79 104 1873 1683 158 1.19 0.898

S 6 11 421 469 48 0.147 0.031

Er TR AN um; 45 V. R L, We WZEALKRS

% L ALK, ARG E R 1.

Note: All measurements are in pm; Abbreviations: V. ventral valve; Ly, Wy. length and width of pedicle foramen; L;. length of intertrough; other abbrevia-

tions see table 1.
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R 3 AERKHCHEEBRRE RN A EE KM ERFHELL R
Table 3 Comparison of the characteristics of the different ontogenetic development stages of Eohadrotreta zhenbaensis
from the Shuijingtuo Formation of South China

e g 1 1 BE AR (median septum) Mg 5E Ak NEX(N E

HIEk A K A Lk

WZE LI BT BU(TT) 346-448 HIRIR R, 57K 40% <450 P ZEFLEIFHCIR(Le<W)) 25-65

A ZEFL A P B (T2) 448-785 PR, H5e 53% 450750 PR ZEFLIZ M4 P (Ly</> W) 28-89
PR E; HRRIRKE, Sk

ZHWERKHBY(T3)  785-1965 69%, RIEBHBIAE X; FRICREEEE  750-1700 I - W B T (L W) 67-146

[ PN EVEPARY !

e PTA R B ACN um; 4755 WK 2 (51 1 Zhang et al., 2018b).

Note: All measurements are in pm; abbreviations see table 2 (from Zhang et al., 2018b).

a5 %R K e 4 B Eohadrotreta
zhenbaensis A [ A= K Hr BERRAE O EL (R 3), < B0
AR IS TS IR 2K E. zhenbaensis #r A9 A] 43
NER 3 AEKEEN B wkhF R ZEFLIE
BU(T1) (K 4-1), 52K A 315 pum, RIZFLEIFIK
Ry WZEFLE A BL(T2) (K 4-E, 4-G, 4-0), ¥5¢
K/NTF 785 um (I 4-E, 4-G), A ZEFLZ 7 E A (K
4-0); L HMEKH B(T3), ek KT 785 um
(& 4-A, 4-B), BHFR KR E (K 4-C, 4-D), 5%
KKTF 750 um (K 4-1, 4-K, 4-M, 4-P, 4-Q), %Z H.
18R E HAXIEK (K] 4-L, 4-N).

FHERAMA SEMMHkEGE, FRRE -4
55 VY B i R A 4

Bufg #RLTueiRNEREL HE
Ao B B 5 AR AT P T HE SRR T, B
BT 22 e 3 Ml kO SL AR 1 - W B iR s A
M, BTN RSl B 5 IR 2 Lk i L iF T
A R 4 S I SCHR 2, v O 2 (DO T
LW U R A B SO, AR R
B0 YIRS .
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