DO9h[ hDL/! .9[DL/! PN

HAHHE =n2¥idnnApko

KGLRAYKKR2AOP2ZNHKMAPHAONMKIODPHAHHDAANP

Cdzy Oe 2yl f Y2NLK2t2383s O2F LML bR HRBKER2 oL
! Ol aaRIS0x 6AGK RSaAONALIB2Yya 2F ySs al
5802yAlYy 2F a2NROO?2

ladAéeg to 40 b xL9w{9b

bl (dzdzNKA &{G2NKaOK adza SdzY -tash bcauivN OKWi Sa |51 88 . NBR&QjKdaSi LOEKSSA yb St K S NI |y
O2NNBALRYRAYVHQDI yz8KSNRSYX3AYIl Af dO2Y D

DUeAODd Wod Y[ h/

5SLIF NIYSyid 2F 9INIK FYyR 9YOBANRBYYSyGlf {OASyOSasz | yAodSNEAGE
MACHTEZ | YAGSR {dGFGSEAT 1t20%XSI NIKO®PNROKSA G SNWDSRdzo

.o{ew! /¢ Y9, 2hwb5{

I INRdzZL) 2F +FAGSNRLRIAAYS GNARf20AGSE SAGK MMNAIEANIGAD aS3ys
t26SNX¥2a0 9ATFTSEAlLY 2F 6Sa0GSNYy 9dz2NRLIS | yR! &U2SNNPKIRSEAIY | ISENA O
L@EAELI6ES yIvYSa 214 NINRRALER OO X RS b I BWIIKIANNTIY . St I A dzY =

Yi2O0Za MROGFER28F8S N I Yy 9 tYS 2 YOISNImEPRSF R YR / Nb YA SOEI @D > GKS

UNBG 2F 6KAOKLING &3 RINE R NRRAMMY $\Bd f TNBY a2dzi KEANPR OOANRBR O02 KI @8
NE@SIt SR LINSQOA2dzat e dzyRSAONAROGSR RSiGFAfA 2% LJI:B&S(ZYAySNJ-tAaéR
KSNB |a O2lLIila@dS | yR &aSya2NE DREEANAS a0 yar NNGRREBP2 L2 4 SR Kl
FaGSNRLRIAAYSAE LINF OsaaSR | Rdzrf Y2RS 2F O2F LIilez2yyY Fdz f & 7
gAGK I NBGNF OGSR LBIARAMZYZ FEt26Ay3 G(SYLRNI NE Aybdz 27

t
2E®
GKNRdZAK afAida oéﬂyzééy i K 38 NIB& T KRNIy I RISICBIROSG K® ¢ KA a Lszi'JI-AQQS

]

GNAE20AGS G2 NBYFAY SyNRfftSR F2NJ I f2y3SNI LISNA2R 2F aYS$S K
I L122N) dzy RSNEGFYRAY3 2F (RE{ DNBPHPMSYXRORBIEEI1LIBdza LISOASa 27F
alFniNBZ mhppHOZ KFa Of 2dzRSR I U dizkH { NRRALEAS N QABRA A KLY ! f ISNA L F ¥yR
GKS 2fRSald 1y26y YSYOoSNI 2F (KS 3ISydza FyR SEGSYR& Ada 02y UN
t26SNJ 9YAALl yap qﬁea\mmmmem@mdzﬁmmugrzewmz I NB NBO2NRSR TNRY
2dzald o2@¢S (GKS olasS 27 IdkS YdELdééSé(ﬁHWﬁqu@Ddza RRAo2YyIl ff&x

Y200 |yR u_mssalsmmlsm&tmsca;euzﬁyemsgmsa)z Hnnm | NB NBO2NRSR

FNRY GKS dzLJLISNI 9 YVIadi | K0 RS0 SiNaviI§a 92 TMieRr O wmppTt 0 | YR

0dNI I YRFANEESNXYEY 3 YE20X MphTO FNBE NBUIINBR YR 2NAIAYI
NBA G SCSNIEFRPY 2 18E mpcy= AYyOfdRAYy3I adB] I2RAQAZING 4d6250e 0S5 aey?

. A3y2y s / Nb y A SNE HAmMoZ FNRY GKS t26SNJ 9YaAly 2F az2NROO2 |
é)\auSNJIRNEdeRZREBAaQV ffter GKS SyNeRtYSyid &adNrGSansa | ER:
2GKSNJ YSYOSNBE 27F ! ad§NELIRAWRY HLRER DA HDGERAIBS RABLISOA SaY
a

<
Py

Sil Ol yiKAYyla2Ni RREByahanm0d Aad SNEONIR PZYNIAF yINBdzLI 2F t NI I,
F3aGSNRLRIAYSAE FNRBY a2NRO002z {AKNWSR yIRe ZANRNA dxYe S ygRR 0K | gARSH
O2YLI NI a@Ste YIyeé LRIARANE .  AHGEHNRHEE Y@y 3o RAWSNI TSI (dNBa @

& LIS O/A- S2aYS NB LJa /UK IY/SNKIEWG d&id | £ @ wnnco Ada SNBOGSR F2NJ azvy$S al
AYyOf dBBRRAKIY2Y 3 / MAYWAONE LIKh Bl WAABHPANZA RSAONROG SR
FNRY GKS t26SNJ 9YaAly 2F a2NRp002¢d ¢KS ARSysdGeée IyR 3ISYySNRO

PDREAS {B0IA IRRUANRYISYNMBKAE Mdbond FNRY (GKS t NAR2fALY 27
A

S
wSOSAOSR omdnpdHnHHE FOOSLIISR Ay NBOAASR F2NN¥ ondnpPHAHHI | ¢


https://orcid.org/0000-0002-9380-4598

MANDO9h[ hDL/ ISt hppDL/ !

M® LYGNRRdzOs2Y 2021), as well as others in extant

in Morocco. Reference is made to
I'n 1997 MorHaldleafr abro eacstteedr opy g iom e utprdialt elli tsetsr at i gré&ehi Basiramawd
wi t h 10 thorax segment s (ast hagdiahst altthePlustudalr ml § ulf e q utemits |

subfamily) AsndcreseplhegetlosesMaTr(itcé ad ), and to Becker et al. (200
1952 from the wupper Emsi an TifndlugierBlaassiaas the type species.
Hol | arspeprxsd es have hitherto Boan Tsercfoigme skedcailn tyhef Becker

Devonian of Al geri a, Morocc ¢ Fiagsl IFr ah);e KhMobrczhaidae cFkorIhag 9 ,0n,
1983; Lieberman & Kl oc, 199 KheSBchi autForlintad &6 nm2Owidankp rLiesbér 2 maa |

2002, 2018; Jansen et al ., 2rOhOy4t ; h G hcaatl tl eyr tboend Heetd sall ¢. cne s260i0006e; s Bdoe
& Kier, 20009; Chatterton & BGichkbe,r 201 0g| Horie2 &b damtp s taksn gt h¥M6 inB e r
Laurencin & Hoffman, 2012; HoHifsnamniett iad .a @RDdfiyl Lraevgiammcael &ma
St ammer s, -2otldi;, L2w14; Khal@&icogni sabl ¢ Ry 16 he deposition o]
Schoenemann et al ., 2017, Crltinmmeesrt omte dled, i 20d&) k Hulrye quaedts .
the papers of Morzadec (1997,me3®@0@hest akrdlelnediradase boefe ntehveae eb e r
consensus that, besi #les | ema ivtawa ao@ rsd eori ice nstpaetcii oenss t o beddi ng;

Mor zadec,H.199du dMoldemdies , 2 0 Oslu,g gtkiseerds i t lyat t he ani mal s wer e
throughout the upper Emsi anTri hobAltgeesr i @ar eanodf t Mlar doaumdi arti cu

accounted. f ores baarnittk.t abust angmiemiea & e d, as a result of rapid
(Lieberman & Kloc, 1997). cementation. Shaly interval s, bal
We have examinemr ensuefhevirelodais deapese hsi ve bi oturbati on, indicate
speci mens from various sect iThres aigreH dddir atictitemp s twhn e hMé relde ru si st on
the viewpoint that current eyactily kowhcapt ®anl g luaptpiecresl moilias
critical reappraisal and t hazZtonteheofli vBulstiytnyc kof &t hko lgleanruds, i 49
than previously recognised. biostrati gr abBulitcyan c ke v& dimliclear(d, 1¢
. . oL et al., 2004a; Jansen et al., 200

H® [20FlftAaSa 06az2NROO20U & Holland, 2016). A gradual <chan
sedi mentation across thiMesbod&ndary

Hol | arndoprsegul arly found i namud pklebErhsiaanf osmaatans nin the re
Mor occo but only in certainefllientetst bhe andr enaasrilnyg lienvfelluse.n c e
Commercially mined speci mensDah@aye Eeent ofBeclkdr fetr aslal,e 2at0 4|
|l east since the 1990s Their Hololfairsd copns s gkuygrgneasat asih rotshhoant io ttiohpesy we
mi ned in l ocalities frequerstpa dviafnenrVi ¢ heém ehtiBihl | o rardemacri(alyli d
|l everage, i . e., wher e comparatsitv eabyo vreartdioét|rb H ebebpg sdtieo nsep eMe relse ro

as ywellserved articulated e BoskeTllseetrdrisner é vani Weley seften. al .,
Unfortunately, the exact geoWirerpshenc etndals.t r@d0 bapndbipg. m2agcehk
Hol | aspepismens offered for stad eo @c weHoalllnaotsdttoeensetvoenre kMemme r star
and preparation i s of ten & lu dMsatr aoncdoaprsd . shpaiNreidfi gorn  ctohl el eacctceodu nt s
speci mens are recor

ded from(2@0f#ousasecBiens én dlhe (T2 NMWD)u.f
and @Ma basins and the Tafihiglks Pl uwuttifor mp h(osteongsruapWenaotf, t he o
A B Bou Dib | 7=
. ) ssoumour1
s Bou Tchrafine
— Ouidane Chebbi
A Jbel Issoumour TAFILALT
N ARl Rissani Marhouma
ALGERIA . CG2010 °
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FigurSd mpl i fied map of southern Morocco and western Algeriiagmhosfhowi ng I
Mader and Ougarta basins, and the Tafilalt. Adopted from Hollard (196
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1?0 iCal cairesi ertt mar 8ekeb EI Rhasse
%E of Hol l ard (1981, tabl e 4). Th
@ |« claystones and mar | st &mné s biacnuds
uEJg Conodont Zone. Faunule 1 compri
gl@ ) 7 Sellanarcestes including mai nly relatively ST
%§ ’_I;:;;::;g;: I I acant hodi ans, rare placoder ms,
- ]LimestoneMbr .« 50 of asteropygine trHodlolbartdessp sd ekslcu
§§..§'@ nov. Mandcryphasps Bouvi Kd ug et
= §§§_§ noted similarities between faun
';50 E,gg‘g of nektonic taxa at the expense
E 2 T ; tentatively referred this tur
o593 conditions on and in the sea f|
%EUEJ ref!ect ot her abiotic. chang.es i
Sz FLimestone marine ecosystems during this t
%g Limestone/marls any asteropygine. _
= f Marls Jbel Il ssoumour 1l | ocality of v
- <_top Rich 2 Sandstone near Bpu Di b (Issoumo_url in Fl_g
0 .Shales Formgtlon: uppgr Emsildaol | aAr doiprs
boudi beanssi bt ained from a | ev

Figurleithostratigraphy and trilBbiytceh cloivogsh e at(isgereapBGhatm ertiedo nBolu G
Tserfine section, modified and 4iCnpl i Wh-ed efuriofhy Blea bB@ri sea k ia f p e(n2goe0m

van Viersen et al. (2017). Hol |l and, 2016.
Timerzit locality of wvan Vier s
| ower part of t he El ot f al F c
Tserfine in the Wastvfkdlsi ¢é hvwa MYyinlclwelem®e has been mined

for
(courtesy of Dr Stephan Hel IViammg) Vi eonseh ud nlgertdhwmde t @949y o
beloMHg mesoanidst&atat st hey maWal epreosame ame tohre Tazoul apt F
mor e di st(ihodtl asipdeocgpaers Fi g. 2belongs to the basal part of t
Tadachacht |l ocality of vaniVisersaen &TrHioNd&sntde igdReshiedsymmes ut |

of Assa (Fig. 1); Khebchi a FOymuaasing e pppeireanEsgRicmc.h ep ylgeaa l
|l og is unavailable but the segmurwungroetsi we,ry asismdtaal Itwi d,hat
Tserfine (van Viersen et alWal | 2 05(1eAYo.psiNemer o c® mmo mwli ¢ the ,H. a
times slightly disarticulatéedmsal bpbbetas opalicwhidmt Ndii emasrel nyy

i nfor malCywp hcasskpli estl e, near t heersaumgé tHQIflL®t khesgbs. | nuosvc.u s

Hol |l andoest one MEmbEawspamisemens L } i
have fine details of the mimmelratlligbd2E2ifcz e pR2dsetr N 204 d
which are described here f@2NVheo2fi raspt (tkiSmeg S aWeS NI s NI b «
Hol l ardopspmuhbatulfirom this horizon, where it co

occur £ypwhabpi vyahervalegesien & Hobél amder 2r0dt6abtei aorni nogf HteHdds ati raiolpah
(Fi giN) BHHphaspis t adarc h &/d retr lrigmeskt one Member as obrution d
Hol | and, 2 0Mlo& o(chipg. (33BX)hozaendi@088) ty of the benthic macrof .
(Fig. A, TBms&)opamdkans Vgebbhea &2004c) reported orthocones
Lerouge, 2019 (Fig. 3F, G). styliolinids, ostracods, rar e

Jbel Khraid locality of vamdrViebseéemrs& Hdlildgbond 8()2d0ap6s) ¢ b psebeu |
of the village of Foum Zgui dTr(oFpiigdo ¢loymwy puhpepe e t Emdii mesdht s pECE E
Ti mrhanr hart For mae arminng Tlwe g eétlbrdi Bl egeddi etnea pa fopert auesc u(rAs dbrer t i , 10
identified during fieldwor k Geararsitéodsnaoot,elyeé it sheeudlmaldlep e s pH rse
(AV, pers. comm. wi th H. Prtessdcaheetra, €Cirpp B2 G p 4 H .elodArasdpdgreie p rbiedi, a
which Prescher considered tospePamdbgpyvygydBeckeof eZGRE2 ,( 2P
Emsi an) in the nearby Zgui |lvwvrmn s\icdrisoenn o& Hb®h atatnedr,t o0 1e&t; al
(2006) , hAacsa sy ioeé ldesClzgtuti é mteo®ii et sead . & Lerouge, 2019; AV, p ¢
200koneprusi @h altathenratnd nWeelt| iaslea,;jodp2stH0 6 Prescher in 2014). At th
t ri f uMocraztaudse €Cy pa@aepj s viamr aviide&rsseinh ar acteri stic of tBhoeh eunm paenr

& Holl and, 20Mé&r anadp sa b@matetndt®ipasv i nce (sensu Dowding & Ebach
et al ., 200®!. | aNed orpesc 93 rdg invtvi.tf aboaosm n Acastidae, Phacopi dae,
this Il evel. An upper bed, cB8cuekbhtadddbg RBmNneschAwelracwiptihe uz G HEE
(1l ower Eifelian) Aicraszpuidlema , zaghugidgmetinedi seadnt i nent al shelves o
AustespggygphaspiDg ademapr oet usanto-Geemdwdan a, possibly owing t|
ChattertonGet amfimasr o2 €06t sertedrf eet s of the traMoegzadesd ve 1D
al ., 2I0hOy6s aenmgp el t i s Chlupsgl, 1994, Chlup8& BHOIl ladnd,
OQui dane Chebhbi l ocality of20Kbugven Vdaler séga068)al .e,as20 1adf) .
Ri ssani (Fig. 1) ; claystones ®&fd nmarel si d nthéde abeswar eEnosfi atnr
of t he Pr alginsina nt oSeried El gRehnaesrsaelll vy Grt dHeps C a B  sntontahtwep & r bonu
(Bultynck & Walliser, 2000) i nKéQuguesetonal zof 90 8Wo-Bld tuaimdeedn tl
macrofauna of two | ower EmsPaaoviimade,r vtaHe ,onyliye Ipdoitnegnta al owa
Faunul e 1 and a slightly vyawuegerHeppedr greasutnhud eRh2e.BiaShkedo u
correspond resiMac nieve l eyto atiod I&cladlg Eber , 2004 ; Franke, 2010;
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FigurTei B3obitEel Fabidoe Hteone Member , Khebchia Formation (ubMperoc&msi an)
torko@ealsi sut , 2000). A, B. NHMM 2016002, iEMdaohaphuam Wi eragean,y pkegl [Sa
Koppka, 2017, holotype, NHMM mz@l 6p0bedBseligd bbafei e Le Fpu e, 2019, hol
TadachéeN@yphadspi yaheNoegesien & Holl and, 2i1 &a,n dh d loonmey p el ,e fIt R SSNoBe ca InMl 4 1
Il RSNB al3015 (M, N and upper articulated specimen in kdht@OgghbhBRFNB ald:
tadachacdan edséssen & Holl and, 2016, htbd lolt ayrpdeq p slpRnSUNNBY aat 1u3l 0hOo2l ,0 t Tygpcea ¢ hl aRce
Tadachacht .

Scale bars are 4 mm.
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