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Abstract

Radiolarian is one of the biological markers to determine the sedimentary environment. It is a
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single-celled protist that is floating all its life and its origin and early evolution have always been a
hot issue. Through the research, this paper reviews the research process of early Cambrian radi-
olarian fossils and summarizes the studies on the origin and evolution of radiolarian in the Cam-
brian period, and it also summarizes the conjectures of various researchers on the possibility of
its multi-faceted origin structure. A total of 8 radiolarian fossil types have been reported from the
early Cambrian strata in South China. Most of the reported radiolarian fossils belong to the order
Spumellaria and are spherical polycysticerca. With the continuous discovery of early Cambrian
radiolarians and the increasing diversity of them, this paper suggests that the direction of the
evolution of radiolarians in the early Cambrian strata is not a single one, and that the radiolarians
of the spheroid and the radiolarians of the Archaeospicularia may be two separate evolutionary
lineages during the evolution of radiolarians, respectively. Since the overall shape and size of ra-
diolarian produced in different deep-shallow strata in the early Cambrian are different, it is spe-
culated that the evolution of radiolarian fossils is also likely to be related to the content of oxygen
in the water body to a certain extent. However, due to the complexity of the biological origin of ra-
diolarian, the study on the original morphological characteristics of radiolarian morphology and
size needs to continue.
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FIERCALI BT IR P B, WeRron TR R[], * T AN, bR b3 o)
NG, A5G 3Gt WS, RS2, RN Tk NI g B, R E e
HARKS, HATEEARRE B =pr VB HARE o U RBGA N E TURRA S I AE bR 2
=, NSRRI R AR E AR Y, W T I . EATRREARP L B O TR T, T
PR AT L SR R AT AR SRR ) 2 A7 42 [3] [4]. th TR AT MR EGE & DU
MBS A IR, Tt RS SRR 5 B LA B e B ARAE, B 5 5 A A TRV, TN
72 W RAF 2 AL AT 50 T € iR U R BIE T AR 0 A St — 20 o TR S0 T B ol AR AU AT AL
FE A IO B IR 25 h 5 AL R — BRI TR A e i)

171 EH T e e e X AR S R R MR T TR A R MR LS, ORAE TSR IRR B BE B AR DL
LRUFEEL. TEERXERR 2 M EG TG . LR EZBARTRA XS], BT
HE XA SF =gt Z M E G Rz . Bt LR AR 2 e B B A g 1t XA Dy 25
FEXTFRESEIRMFE[6] [7] [8], FFBLHUG T2 NIR BRI FUSCR, 85K T R FE R 3 D (T80 s Ak
Aridsk. (HEARE, F TR R LIIRBON S 1L SRIEAN 2 VLS I 58 8 1T Ak Ay, (H
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2. Xt EEHE AR

Ao b X Ak b ] B S, b SR SRR DR EE, R T TR ) e R R I B, SR
kv v A E A . EFERAD I EF IR T 7 i TR AE E AR [9]. #FARAr T 54638, 4
FERIAL TR (5] 1)

R FERM, ERHX T G ARG S G HI[10]. /AR AT IAERTX &) 1 ik - iR
(I8, MRS I ISP TR B, R TG e b BRAC AT e AL B R
S F J2 REAN G JE B TR ST PR /K S A X o ST <P SIS, W P T R R, DURIAE AR . i
IRE R G, TR M ARy RGNS A, DURUA REAL 9 DU R #h8  F FIBRIR 3h A & MR
R Bl T ROV TR, S B/ H K X PTG, K H X A A
X R SE R . FERA AR =00, SRR AR KRR, 1 P L 1541 M X &P VA A ik
B ROTUE NEMYIRERS, AL T BB S SR mN AR, e a2k
R Z PR [10] .

BB s LA UL AR - MO - BB — g “ARRERE B [11], (AT R O L
F2[9] [12]. HAAXTH PR S E RO PFEI ARG €, EETZ2EFEE NN, W E T
HAR, RIAERETE 980 Ma 1 810 Ma 2 [d], TR J #F Rt Ek[13] [14] [15]. HEE WFEIMEL ik 2 Bl i iE
B3, BINE K HHFERIE, HEHZ K FE AR E NI ERER, W T RERRNE, AEZER
H T BRI 7728, BRI T 120 3 A A B AR H R 75 B S AR R A A A G — = L [16] . DAY
JCHT AR A, R R A0 B SR 2 R R B VeV B DU TETUA DT RRIE[17]
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Figure 1. Paleogeographic map of South China in the early Cambrian period, modified according
to Zhang and Feng, 2021 [18]
1. BEKRAITHILER S IRE], #E Zhang and Feng, 2021 [18]2%
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3. EEERAFRHIKSHBMRTHER
3.1 HMAESERE

KT B SIS IR T 19 AR, Ab T 2 Fr3RAS B K8 7 UM LA Y s Ba bRt
S I E A U R BEAT % %€ [19] [20] [21], BEAT SEIGAC PR A TS AL ARE it 22 9B BRI R DT AL
PRI, I EESIG 55 AR i A OGR4 O, DRI AR R SR SR 28 R A O R . B 254
20 128 70 AN, BT EMBRIRIERMARIE L, FETBUE 1 REFUa U BT U R R A, Rt
FE DR T R MR AL B 7 I 45 & L R R EOR, B USSR TS, FEMiRefit. Besth,
BRRRRIE LR, #5323 XN LA Micro-CT fei il [8] [22] 5% 4 Bh B 7 MR SRAF A A T
CERPRIE S AR SR, DU S s e a ke 8. &5, Zia “20 K7 M7,
NITES R Sk @R I E -8

HAT, AR SRR AL B 5206 (23] [24] 700 R 1%, PTA RIS B 2 om® Kb, 1
H SRR (HF) IV 14 KM R 22 4% 2 AR EE, 0 T e O D o A i AT 7 AL o, 2 S IR 2R AT R x4
FE A BRI RS 8 h~12 h BEAT P R, SO IRAPAS F 224 LIS R W6 UT0E s SR K R 4L Pk e F 0.038
mm 1 0.083 mm [ §ii 5~ Pei i i J5 6 4% 25 B AR T SRS AEXUH R AMUEE R iz 35 DR A7 BT IR BUN HUbR
A, FAFIEAREENRA G B, fE IR B AR AT R A T AR

3.2. RIS hARER

TR HAE S — P A P S 4l M AR A [25], B B AR IRETUEEE, I B R S )
Fftr —, FOER IR AL )8 — LIRS 5 K2R VR [26]. U 2 AT Tl KR 2 BR PR, IF AL
A AFE BRI I R JE A SRR A B AR A7, WA A 2 B R A (1 3 0 B ] 3% PR NPl R LA ) — /N
TRRE, [ R o 2 B AR IR [27] [28]. WRNER, ST R T D SRR T 19 1
Y wWHFE[19] [20] [21], HIXEEIEI A A V) dh AT %€ 0 45 RG24 i 5 [29] [30]. BRI FHEM 3K
7 R H AR T RS AE AT ZE I RN sk CEAE3] [31] [32], 1H H HT AR RO S A fE A T RE R A
W, JEET oA T IS, K2 EEERAR TGP I[L]. MR W R /R 2 [33] [34]. Mm
SR 5 2% By [35]46 1 S A XA ¢ TR FHA A AL HEN 1 4)3E . 40 Won and Below [1]7ETRIA 48 &
I T Beetle Creek ZHzhpHE, il 14 M - M€l CR IS i, i 145 6 ASE Al 18
ANFRR, OB RO AN R, Z2EAGASN A B R, AR NIRRT, A
YEE RN TR L, EE N NEESPIR, AT Palagoscendium U HURFAE[36], {EE T B R
AJARAL A . Dumitrica [37)i084 8T T Archaeospicularia H, F7E 24 A A= B B G i AH 2% .
LA Obut and Iwata [33]7E Mk % i S /K 1 B JR 28 PR AN J A = AN Bb, (B 154K 70 10 =2 1K S35 it 1) JiUi e
BITHIMEE &, NERIE 2 3 i 28005 s, Pouille et al. [35]7F N KA125 22 Bxt R AR - B R A LT
WHIT, #iE THEEEAARN 5 B 8 J& 12 PR BYBUR B, FFEh Gz S 2 B B A S [38] 3 HH M € iU &R
SCmEIA 9 &, HILTFATA MERIE U 0B 56 # eI R B A B A, T BRERIR AR AE A X
PIREIRZE 4 o T IX e rE - € iR I B R IR T80 L8068, HF B stk r . e A EDE,
Maletz [30]38 I it 45 Ak 22 T RH[34],  HE T H2 th 19 - B B 252 Archaeospicularia H, U5 BT 2
SR A KA BOH L ARAER S DL A SOE S TR IG5, dEf R AR F R . 28 BRI,
X2 2 (FRIE TN THT E1IE T %€ 0 2R B B 170 st LT 4R R I 2 PR R

SEMZERTTUE N, EANTRIR RHE 2 R T - RN, TR R &AM
RO R RGE, JUFEkE TIRIEERE X . ERE MRS TR, WACE & WL . SN ARE
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DA YTV B #4561 [7] [8] [18] [39] [4013IX, #BA 5K T f i WIS il R U B L. (B TR R
HhZ R YE, HON A ORAE R e, ST E T2 I W Y SR 2 AL I, BT O U E AN E 1.
JTTHE R[] LIV 2 A [42] R T B B RS AL[43] [44] WHLIT WA [39]. S o2t
S 39 2 [45] 45 75 1 6 3 X PR J0T 2 Bl DU 3 )25 P S5 0 T R RO HR R ARTE , H T A A R 1
Je BUTHEMELSGERABRENIRR, %525 052 NME R IR 21 f A WA O i . B,
H 4R Conway and Chen [46] 5. 72l Jb B 9 #h X 58 X R 56 — G = b 408 i 3kO% 2 38 B K0 &
Blastulospongia polytreta, »& H i %€ i & fix 4l BRI U dfb Aid s, HE T4 A BEm D, 3
I3 N HAFAE FU5E[30] 0 IAE A N i 54 NE MR TBCH B A e S [ 12 & IR GE TR RN FE it &R
HJZ ) Archaeospicularia JEU B H, ZAA HARE RA MRS .. S56H0hir 2 ki
TR AT - WA A A [L] e TEAS 2 DU TARAS A . R G ONHAE, RGO B e S i o
BEHEWT Ny LR A BLAZ 4 8 EARTEAS ) Archaeospicularia [37]

LR, BEE SFIHBOR BORSRAB T, ERRRASF 25 - £ G, FEpXERR
FIAR A IE AW . Bk, N TIRERARATT 25, Braun S5[6]7E BRI HEIX 25 2= 50 58 )1 4 4H
JEH B SEARE T B IR FERHIE R BRI TBOUR B, 3R IR AE JE AR T2 50 T4 IR AR 52 8UR dk
FHRIE, H TR LD R K R AT 2 445 Chang 257181 LAEZEMI b X 4125 24 G 5 R 4 40
RIE T FRERI 7S LTS TAR SN SER-AE (78U B4k 47 Blastulospongia sp. DL ELAZ{NAN 100 um (7 FERE
Fs TiJE Zhang 55 [18]H7E Bt M i X 1 55 = 5 BE A3l 4 )2 M2 3] 1 ORAF I IO SRR IO f /1, 9F
MR TSP FLR BRI 23 1 7753, XN KA LE H AR A h#AG HARBUE M. HIREFERRE 4
I3, Cao %5 [4717EWI 1L X 28 — Gi K Ve 20 i 2 i il 1 2R ERTE TR A U B4 f7 Kalimnaspharea
sp. BRI JEUh B, fEBL AT BT 5% T Kalimnaspharea J& i3 #ok [ 3& B AT RN (14 FR - 15 B2 P e 4,
XA R IRAE R HZ i kB T Ma 25(2019) [8]7E b K v LU th st it 2 /> #1
I FC R TE T 4 PR B ERE 2 3 i U Hi4k 47 : Tetrasphaera? sp.. Paraantygopora porosa. Spherical
radiolaria. Braunosphaera sinensis, Jfct 4 [ iZHh X $ 38 RO AN FeBE S RAAE,  HLANHTIRSM e 45
F, A0wT S 3.2 Frik ¥ AL T B PR % 53] Antygopora ordovicica Maletz and Bruton A1 Beothuka stoogei Won
and lams %5 JEMURFE: AL, XTS5 KR4 [EHH A 02 R A f AR B, A T A5 [42] [48]H SefELL
VB 2 4 MR i U R il 1 oS5 R BRI JEC B, AR 0 R IS HR = T ot 5 A v v AR S
PetCEH, TR RMERE, BIORH Ok B BUR IR AE, BT e A MmN ES S, TEEEM
J&: TfiJ5 Zhang and Feng (2019) [22]1E 5 J [m] #A S AH AV 78 #h X 2F M inr 2 b 2 R 4 T B AR T3
¥ Paraantygopora porosa. Spherical radiolaria; 4t Zhang and Feng (2019) [22]#i& 25, Zhang et al.
(2021) [18] [49]H 7E 12 1 FE o AR A= AT 4 2= 53 4143 T Paraantygopora sp..

SEA RN TORE, 7K 22 [A91ARE 24 I A & i 7€ i R B0 RAERF N EXT EE T SR SO de g h 43 2K
Ik RIMZHOISH R E 1 FG52, XAE TR 5EK B 58 B EA — . WifE 78U i Braunosphaera sinensis.
Tetrasphaera? sp.fll Paraantygopora porosa H'nJ %2 31| 56 8 ¥ 52 B, H5 55 K 58 J8 Fh 0 BR W U H 72 el Uk
BAEE, FAh, EFER AR HRIE U B Paraantygopora porosa il Paraantygopora sp. M [F].0x5%
Pl SEARSERISRF , #R ] LAW)AE %t LT Beothuka Aitchison. Flood and Malpas (1998) [50]+ Antygopora Maletz
and Bruton. (2005) [51]. LA X% Parabeothuka Won and lams. (2015b) [52]. 7 L& 35 Ht Paraantygopora
[X 51 F 1 He Antygopora [I[E.C 58, [HFGE %A, SEHAENEZ TX=AE, [FRHE A R A
JRUH HL Beothuka H (AN AR BI[S0] [53], (HUFE B SR 2 EATE S F i AAREENE, RS LR
BT E F45 4, EL 3 Won and lams [543 24 1) ST T % & Parabeothuka #5247 J5 9 @ 113 1% &
DA FRAT AN HE T H T 3R TS HUA S AP A 22 P R A ), By A AXBURT H o ) S8 L 25 )t 22 A B
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o, SBoR RIS B S SRS R, AR A .

g5 b, H Al AE e X S R Y JE b DD E RO A SRR 8 (K 2), B
Kalimnasphaera sp.. Tetrasphaera? sp.. Paraantygopora porosa. Paraantygopora sp.. Spherical Radiolaria.
Blastulospongia polytreta. Blastulospongia sp.. Braunosphaera sinensis [6] [7] [8] [22] [46] [47] [49]. 1Xi&
TS A 2 R TR 2 B HCRTUR R, BRI T, B0 dfe B 2 e i 4k, B
AEBE R Z MR . X LEERTE U B0 T A A R BRI S Uz, IR R B T HEAE S
PRAF IR J5 A2 o B B AT BE 008 3 L B 22 AR RO PR 6551, BRI 7 5 J R 68t I AE AN 3] RO R P K ML X
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Figure 2. Stratigraphic distribution of radiolarian fossils in the early to middle Cambrian, modified according to Ma et
al., 2019 [8]

E 2 ERRAR - PSR AMEST, 3 Maetal., 2019 [8]K
4. ¥ig

gr bk, LR, R IERER TR IO B B 2 A2 AL . i Cao et al. [47]F0
Chang et al. [7]17E#AILRR A b X 43 Ak 38 (BRI J8U dUR Blastulospongia sp. iU H, 5t 5 Braun 2£[6]4: 5%
TE B VG b X 438 (BRI R a0 AL, HA A /SRS FIRAP 72 B AFAE:  Zhang and Feng [22]
DLk 2 [49]4F 52 SCH X A L3 THI 4 3% (1) Paraantygopora porosa. Paraantygopora sp. it ik 47, HAb5%
HZANH R0 2 AURG5E UL R e B g0 M BU% LR ARRE, 53K e (Ma et al.,
2019) [8]f#) Paraantygopora porosa AL, {H5FE /K e 4L B8 sREh WA b, H A oe T 52 U A
P R ORI FUANARTE TR e Rl BUBLE N L, FEAE RS M X TR IR R IO BB K 2 T
JEARH e Z, AR 1ZH X U B YR E U 2R A 6 A, fUFE Kalimnasphaera sp. [47].
Blastulospongia polytreta [46]. Tetrasphaera? sp. [8]. Paraantygopora porosa [8]. Spherical radiolarian [8].
Braunosphaera sinensis [8]. X L83 AL A 2 8UE TR R H, NBRE 2 % dUERTHU L.

B Maletz [30]5- 5t i it e 4 3k iy 52 H A0 -3 U HOmT e 2 DAETIRIE S WK # Archaeospicularia
RS H O R RS R 45 #4547 TR1 [30] [371 00 AT B A T iok e L A ) Ak T 1) 32 TR BT 46 4R
A AR S, (HIX A AR O B AR H T SR E MR R 2 A 2 e M BRE U R L. 456
HABFFEBRE, 7238 & b g2 i LG Archaeospicularia H U b f7, EBIGE L TR AR
U B B ARIE T IR AR R I, WA I R SRR AR R 5 KB U U5 Archaeospicularia H )
AR R, fERER YA ZE S, BROERBUN 2R AT R 5 /£ 7E, 1fi Archaeospicularia JSUf HLA]
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REAAREE T U Ak 7 12—, BRIEJEUS S5 Archaeospicularia JEC B2 43 1 AU SRy AL FE A g 1
P R I BATHEI7E 2 R R RO SRR A PR R A B I 2 REE, fPE 2 P 7 1)

Ieah, &g, Sxtnl UE BIER AR R AR FR - HKHZ 5= H U R B R KN —.
41 Obut and Iwata [33] 56 7E PG AHF BT /R 2 LU A FELFE 18 1 mT RE SO Uk A, B4R TE 80~100 pm Z ],
SEFRIEARZ79 91 pm; Braun [6]7E B G b [X 455 =% 45 55 )1 [l 2H 4500 R P B AR 2908 125 pm,  7EHT
T IX 20 55 2 G0 8 10 20 b 2450 R BRTE J3UHR A AP B 290 118 um; Chang 5[ 717510 EE — 404
FH TR AL A BN, P EEZI04 100 pm;  Zhang and Feng [18]R15K 2 [49]7E VL PG b [X 25 — 4t
FAIT BT SR UK 22 BRI AR S IR, (H 2 B E A BAELITE 105 pm 4 . RE ¥E &L 258k
WA ARG RN, CEBEMBERNEGHRENEAERERRE T —&, T T Zitie. &
AREHAERY, FUKCPF R IR A=A AR 1k 77I[56] [57] [58]. A HuBRALF=WF AR, X —B 1]
A6 Hh DX A R SRR [59] [60], 456 %A O RIE BT Hu Ak A s XM ZoIR e, AT DA I 22 Hich |2
7 S A B SR TUS 2 AR U 2, T R e T 2R AR R TR T B S SR 2% A AR R
Z[61] [62]. ik, TEARSAINEESAT T ERIE U Sl A AR RN AT B8 2 HL AR, (H i T 0 AP
VRIS A, A T BB A KK/ G UG TE A RHAE I ST AT) 55 R 2 25

5. &

AR FUE PR T RERAR PR B W OO RE T R TR AR I A% A HI I U
T AR S A ORI T, I L 2 U5 T AT BERE A BEAT £RA .

S HLE A e X R AR I 2 R UIARGE FTBON dA A RS 8 Fh, (H 2 A 3t AT AR et
FURIBI AL T HoK G 3, b DOHE X 2 — K e 4= SOy SERBETE, R 23t DU SR B it
BT R A 6 M, HARIE RSO i 2 80s TR, NERE 2 B i Ut BB €K
B SR AL, FE RO RO T i, ASCHEN AR FE IR R Z o, BB RERTE
BE U B AT e A7 7R, BRI 115 Archaeospicularia S HUIRA AT B8 43 73 A s A0 i 72
s B AL 2R, BN AL T [ IR AR R e AT RO RIS I A A AL R
W, FERAR IR - AR WU BRI S N —, 2238 DR EES RD
SR AR R A Tk, HENBOR A A thARAT T RE S KR RS S B E IR,
(E R TTBUN SRR 2, A ST RS RO BRIR TR AR AR OB SO R 7 82 1 2%
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