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PALAEONTOLOGY/SEDIMENTOLOGY 

FOSSIL BRYOZOA REVEAL LONG-DISTANCE 
SAND TRANSPORT ALONG THE DUTCH COAST 
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Tito occnnonco in IIolocone and Recent Dutch constnl Rands of minute Rpechnons 
and fragments of Bryozoa Lolonging to trnpical, Ruhtropical and warm-tempcrnto 
genera poses the problem of their origin. The hypothesis is udvancod that they 
<lorive frmn Rnlmmrino outcrop,; of tropical murino Rediments of Eoceno ago on 
tho sea floor off tho Bolgian c<mst or in the English Channel. A Recornl group of 
fragmontary Bryozmt is undoubtedly of Plioceno ago and clorives frmn sediments 
thu.t uro Htill hoing eroded hy tidal scour in tho mouth of the Rivor Scheidt ostuary. 
In oither caso nett. transport of fine, saml-sizo material in 11 northeastwanl diroction 
over long <listancos along tho coast iR irnpliml. 'J'his, in itself, is not a novel conception. 
MuRs movomont of Rund from S to N along the Dutch coast has always featured in 
the variouH theorios concorning tho gonosiR of this coast. The novelty i,i to Ren 

Bryozoa function us "tracers" of tho sand movomont. 

1. INTRODUCTION 

Most of the sand-size hryozoan fragments that are a regular component 
of Dutch coastal sands belong to species that form part of the genuine 
bryozoan fauna of the southern North Sea. Fragmentary Bryozoa were 
first found in the estuarine sands of the Haringvliet (NoOR'l'IIOOitN VAN 

v1m KRUIJFF and LAOAAI.J, H)GO), hut recent investigations have shown 
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them also to be present, often in large numbers, in other types of coastal 
sand. 

On the other hand, occasional specimens and fragments of Dryozoa 
have kept tuming up that arc clearly out of place in the Recent North Sea 
fauna. Their occurrence, though fairly infrequent, has nevertheless been 
established so often and at such widely separated localities that it can 
no longer ho ignored. So far, specimens have been found in the Haringvliet 

N 

Approximate locat1on of 
Middle and Upper Eocene 
outcrops offshore 

eAalter 

Fig. I. Occ11rroncos, direction of nott tmnsport, and provonanco of romanio 
fossil brymrna in Dutoh coustul Aancls 
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estuary, at KUkduin, Schcvcningcn, Ocgstgcest, TJmuiclcn and Vclscn 
(fig. 1). 

The investigator of this phenomenon faces a two-fold task: identifying 
the specimens and, when this has been satisfactorily accomplished, 
establishing their provenance. The material falls clearly into two categories, 
and these will therefore he dealt with separately. 

2. SPrrnrnnJNS 01" UNCIIALT,ENGMD PLIOOMNl~ AGE 

In the report on the occurrence of Bryozoa in the Haringvliet estuarine 
sands (Zoe. cit., p. 720), mention has already been made of the presence 
of remanie sand-size Pliocene specimens in some samples. In the mean­
while, their occurrnncc in the Recent beach sand at K.~jkdnin ancl in 
Young Holocene barrier-face sand at Schcvcningcn, Ocgstgecst and 
I,Tmuidcn has also been established. \Ve arc here concerned with fragments 
of specimens belonging to the following species, whose Plioccnc age has 
been established with certainty and whose provenance is to he sought 
111 the estuary of the river Schclclt: 

11[ elicerita charlesworthi'i MIT,NJ•:-BowAitDS Plato J, fig. l 
Jl [ etrarabdotos monilijerum (Mn,N1•1-EowA1ms) l'lato l, fig~. 2-4 
Schizostouwlln socirilis (Busi;:) Plato l, figs. 5-G 
Vitta,ticella Hp. I'la(,o 1, figs. 7-8 

The occurrence of the first two species in the subsurface Pliocenc of 
Goes and that of the second in beds of the same age at Flushing were 
already known to Lorrn~ (1885, urn:~). The thi1'd species has also been 
encountered in a well neat· ,Flushing (LAGAAIJ, 1!)52 p. 121). 'l'hat Vittati­
cella also occurs in the marine Pliocenc of the Low Countries is new. 
The discovery of the small rcmanie specimens of this genus (Plate, 
figs. 7-8) prompted me to examine the 150-450 µ residue fraction of n 

number of Scaldisian samples, and numerous identical specimens (Plate, 
fig. 9) did indeed show up in two of the samples, one being from the 
"Sables de Luchthal" and the other from the "I er coquiller scaldisien" 
of the Antwerp port area (Petroleum haven). 

Since the Pliocene in Coralline Crag facies is present at only quite a 
shallow depth near Flushing (VAN VoonTnuvs1m, 1!)57, encls. 80, 85; 
VAN DAM and VAN RuMIIIIU,EN, l!)G0, text-fig. 13), since the tidal gully 
in the month of the Scheldt due south of Walcheren locally attains con­
siderable depth (VAN Ru111MELEN, 1060, p. GM, mentions 50 metres below 
Amsterdam datum) and since, finally, the material washed up on the 
shore at the well-known locality, "De Kaloot", is very rich in Pliocene 
marine mollusks (VAN REGTBHim AIJl'ENA, 1!)37, p. 152), there can he 
no doubt that marine Pliocene is at present being eroded by tidal scour 
in the mouth of the Scheidt estuary. 

A second, indirect, hut certainly no less important source of sand-size 
marine Pliocene material is to be found in the Merxem Sands, fine-grained 

3 Series B 
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l :\TDEX TO l'LA'l'E 

l. Jl eliceritn i; /,,{{,r/ l',s111m·t/,, ii 1\11 r1 ,N ts EDWAHIJ S 

Ok;; 207~. Ha.ri11gv lie l oxeava,I ion . 

2. Jll etrnmbllulos 1,irmi l i / erum (MrLNts ED\\'AHDS) 

l.koont. b c•arJt sand. Ki,ik< l 11 in . 

:1. J\f el runtbcloto1, 1,1,r,11:i li/1lrum (:V[ JLN t•: EDW1\HD:-;) 

Oks 20\!2. H n1· ing \'li1·I PX<·avu.t i,m. 

4. J\J etrara.bclotos 111,rmili/en .1111 (JVl'I L NJ•:- EDWAHt>S) 

Oks 2092. Har ing\' liu l oxcu.vu.t ion. 

5. ,','ch:izostom.el ln suc,:11.lis (BusK) 

Oks. 67. H u,· ingv l il'I oxcaval ion . 

6. 8chizostomelln sr,cialis ( IJ usK) - in l,c rior aspnl't', o f z<H>Pciu111 

Oks G7 . H n r ingv l i..t oxefival ion . 

7. V-i ll riticellrt s1 >. - f't-ont u l n;;p oc t, 

Ok,-; 20!) I. Hn.r ing \'l iu t Pxcnvul iu n. 

8. Vittnt ir:l!lln sp . - dursn l tt~]><)(' I of sam e sp P<· i11w n 

Oks 20!) I. 1-foringv l iot oxonvn.t inn . 

!). Vi ttatici<Zla ,-,p , - f'rnnt n l n•;p cc t ; n ot ic:o c lo,; 1u·o o f' orifico 

Lgn IO. H<"n. ldisin.n (H11b los du L111:h t bal ). A n twerp. 

10, Vi nc'll la.rfo "'1'· 
Uorn ho lu Ocgstg<'nst I OA. 4.:17 - 4.42 rn - ;;urf. 

I l. Vincularia sp . - on<l vi l'w o f' sumo sp oc: inw n 

Uol'O ho lo Oeg~ tgo<•st 10.A . 4.:17 4.42 rn - su rf. 

12. J\'elliri r)("ulata B vsK 

Ok;; 20!)4. Hu.ringvl int oxc-11,\·ut ion . 

I :J. }) i /tosri riri .,p. - ln,Le rn, I nsprw t 

Corn ho lo 8d1m·on i11gon I IC . K.i'O 8.7/'i 111 - s11 l' f. 

14. D i ll osf/:rin sp . - front n l a;.;p uc·I of' ;;amf' sp ol'i m on 

U,,ro h o le f-:ic,hm·cningcm I I C. 8. 'i0 -k.7ii rn - su rl'. 

I ii. f'ur icdtcirin ,;p . 
H.,•i:c•n I b1 •ad1 sane l. 1,;, ij I« I II i I l. 

l G. l 'uric<Jllnria sp. 
Ok., 2 102 . ? Uala i,; H C'd ~. Har ingv l iot <' X<·a, ·at ion. 

17. C'ut/,,11n ,·i!'ei ln sp . - L a t ornl asp< •(' t 

Hamplo n" - 4-. Vo lson 0xcavat inn . :1.40 ,n - Amst.or d a ,n d a t,Lllll , 

18. Uuthurnicetla ~P - - f'ront a l aspect ol' sam e isp ocinwn 
Hu.mpll' 111 >. 4. V l,h-w n ,,xca,·n t ion . :l.40 m - A ,nst orc lu rn d a t u ,n. 

rn . Ooth urn,.icella Jl!)1'i/orm:is l h : 1tTO L ON r - lat! C'nt.l fl,,;pcw.t 
' l 'ol'Lial'y ofi. Prup11 lt , En«t. ,ravu, I nd on<'sin.. 

20. C11tlmrnicellci pyri/onnis H EHTOLON t - fronta l o sp e d o f' sam e sp l'ci 11w 11 

'J'or Lia l'y <':i. Pl'upuh , EasL Ju.vtl,, l n dnnos itL. 

(all SJJC'<•itn<lllS X 40) 
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li ttoral dnposi ts o r 11'.a.rly Pl eistocc rw age (fo rm erl y rnf'o r rnd to as " Poedcr ­

li ,L11" ), ll' h ich overl ie t.hc Pli oeene in t lw area,. These deposi ts, whi el t have 

lice11 well c·x poscd i11 roecnt years at t,he Kl'lli ,;s r- hans loc:a li ty, nor t h o f 

, \n t \\Trp, a.m l ll'hi c: h also c:ro p out a t a ,; i11 gle locali ty nor t,li o f t. lw D u tC' h/ 

H elg i,Ln frn n t.. icr , 11 ear t.. hl' v ill a.gc of N icuw-N,Lrn cn , have a, hig h con te 11 t, 

of rnm a,11 ie sand -size I1 rar i ne PI ioeene debri s. f-, ,Lrll p lC's from K nr issC' h,Lr 1s 

i 11 parLi<;u h r hn,vc _v il' lded ,d J 11 m l.wt fr,Lg n1cn t s o r Jlfe/,r(l,rct,/;dolos / //.(ill i /i /ent 111, 

and Ro111 0 o f Jl!feli cer i /a, duirlesworth i i. 
There are poten t. i,d 0 11 t crops of t hese l\for xem Sands at t lw bol,t.01 11 of 

t he Nclwlcl t.. e,; t uary ove r i t..s nn t ire w id t h (VA N Voo 1{:r11 u Ys1rn, 19!i7, 

e11 cls. 8 1, 8:"i ; VA N DAM and VA N l{,LJ MM l•: u :N, l nGO , tcixt..- fig. I ~) a,11d 

t.licse tLre t hus ev!' II more ex po,;ed to erosion by Lida.I seom l ha,11 t he 

underl y ing nrnri ne PI ioeene. 
Ow ing t o t hei r norf·herl y di p, t hese m arine Pli ocenc a,nd li ttoral E ar ly 

Plei,; toccne dcpoRi t s lie well out of rcac:h of ti dal ac:t ion in Lhe c:-; t ua ri eH 

bc t wc·c:11 th e islands 11 or t.h of VValcli eren. Nor arc t here out crops o f' 111arir ie 

Pli oeene or E arl y l'l eis toce ne to lie fo1 111d upst ream i11 t he l{ hi11 e o r M ew-;c 

v,d l, iyi-; ; f lu v ia.til e s11 pp l,v by ri vers other t han t lw :-lehcldt i:-; Lhernfo re 

rnl ed 0 11 t... and t he cistwLry of t his ri ver is t he sourue fro lll 11·hi ch t he 

Pl iocer 1e bryozcmn f'rng n1 cnts a,rc lll 0sf; likely to have ori g inated. Tli e 

d isp l,Luc rn ent in vo l ved is as n1u eh a,s I :w km . 

If ere t he ci11 est ion ari ses w het her ont cro ps of PI ioc·cnc i II Cornll i nu Crag 
f'a,cies o r , m ore likely Htill , o f t he .l\forxem. Sa.ndH arc not also t o lie fo und 

offshore, on Lhe fl oor o f t he Nor t h Sea i t ::;e lf , i-;om ew herc on n. Ii ne con ncct i ng 

Lhc Scheidt cst1mry wi t h t he coast.. ,i f !fast A ngli a (c/ . '1'1,:sm r ,uid R 1,ffN ITO LD, 

I H-Hj , rnap -1-) . A p paren t ly such offshorn outcro p:-; do 110!, ex ist on t he 

ua.:-; t ern p ar t o f t he line. T11sun and R 1~IN IIOLD (loc . cit .), in a, paper dea.ling 

w i t h t he geo logy of t he sout hern N or t h Se,t , have repor ted t he rnsul t s of 

a i-; t,udy of t he Fornrnini fora frorn a, l,Lrge number of punch cores and 

,;on ie twenty percu;;sion borings m ost of w hi ch w ere located in and in 

fron t of t he Scheidt est uary . Th ey list fi ve p er cuss ion bor ings and one 

pun ch core a,s ha,v ing r eached or almost recwhed t he "N[iddle Pli ocene" 

(i .e. t he i\for xe111 Sands), bu t a.II six of t hese borings werc si t uated in t li e 

Scheidt est uary . 0 11 an earli er occa;; ion, lw wev er , T ESCH (l !)3!i , pp. 30D- :3 I 0) 

n :p or t etl t he occurence of fo :-is il s a.nd as;;ocia.ted roll ed pebbles o f Die;; t ian 

(Upper M iocene) and Scrddi,; ian ( Pli ocene) age in an area si t uated between 

t he N or t h .I-finder 13ank and t he Nor t h .1<\ t ll s, w hi ch is r oughly midway 

he!;ween t he m out h of the :-lcheld t es t uary ancl t he t o w n of H an vich . 

:3. 8 P1w rnu ~Ns OF t>1 W 11 A 11rx Eoc 11N 1<: Mi 1,: 

The provenance of t he second group of extrnneoui-; B ry ozoa. w ,LS 11 0 [, 

imm ed i,Ltel y ob v iom;. ln t he first pl a.ce, t he small size (150- -1- !i0 f,l) o f t he 

specim ens and t heir frng rncnt ary stat e in all but one case ma.de i t impossib le 

to eRt,thli :-;h t heir sp ecifi c iden t ity . Thcrc was n o d iffi cnl t y in iden t ify ing 

t he genenL, however , w h ich wern a.s fo ll ows: 
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l ' inr·11lnril1, (snrnw sf ric·l o ) "f' lal< ' I , fi gs. JO I I 
,Vel li11, or-11/i1 /r1 HL,:; K .l ' lal<1 I , fi g . I :.! 

Poriccll1irin P l,tl u I , fi gs . I ., I (; 

W hat was so surprisi ng about Llt ese finds was Llt a.L LI}(' l{c<·!' 11 f. d istrilrn ­

t;ion of the.'e genem is co n fined Lo t ropi l:,d , sub- t rn pi c:a l o r aL 1n os t, w:mn ­

tempcrate btitn<les (figs. 2- 4-) . These genera ,Lrc L11 er(1 f<)I"( : c n t irl' l_y 0 11!; o r 

p l:tl:c in t he R ecent N ort h Sea fa 11n :L. .iVTorcove r , Llwy do 110! <'V< ' ll oc(· t1I· 

in t he eastern part oft.he ,\ Ll,tn t ic. H ere was a p ro lil('lll f'or 11·hi c l1 l hl' rt' 

was no immediate ex pla11 aLion . 

The first solu t ion t lt at, o ffered i tse l f was LhaL of long-cl ista I ll'(' lrn 11sport, 

by ships. This had r apidly Lo be a.ba11clo 11 ed as ,t rc'asonnli l l' answer, 

however, Rince ships co uld 11 0L have been rcs po1 1si b le f'or th e i11t rod ud io 11 

of specimens dating from liPfo rc I HOO A.O. , t he d ,tLe ,d, w hi c- h co nu1tercc 

i>etween T he Netherl :inds and t. lw E as t. ,tnd \,VcsL I ndi<'s began to fl o11rish . 

And t he specimens o f Vincutar in from Sclwve 11 i11 gen ( f'ro 1n S.7 0- S.7ii I ll 

below SU1.·faee ) and Oegstgcest ( from 4. :n m below surf;1,c:<') :u 1d Lhosc o f' 

Por icellur irt from t he H ar i11gvliet exc,wa.tion (from I li.G Ill IH' low 1\ rn stc rd a!ll 

cl aLum ; '! Ca.la.is B eds) and , 'c·heveningen (fro rn 7 .O:J- 7 .OS 111 he lo11· s11 r f'ac-e) 
arc cer tain ly from dcposi tH la. id cl o wn befo re I (;00 A. 1> . 

A much m ore p lausi blc c x p l:tn,Ltion is t haL t hcHL' re pn'scn La.t i ves of 
t ropi cal and sub tr opi cal genera dcl'i ve fro m outc:r opi-- o f' (tro p ical ) fo:-;s i­

l i fcro us m arine sedi ments of Eocene n.ge on t he J) l'CSl' l tL sea floor in Lhc 
sout hern N or t h Sea, w hence t hey have been t l',tnspo l'l <'cl nort.hn,tstward s 

by t he prevailing (Hoo<l) curr en t. F rnm figs. 2-,~ i t can be seen Llin.L, 
al t hough Vincular,iu, N elt in and PuriceUnrirt arc co lllp leLely a b:-;e n t fro111 
t he eastern A t lant ic today , all t l trnc genera had f oss il rl' p1·c,w 11 tat i vcs i11 
t he E ocene and Oligoce 11 e o f Western I£uro pe. vVhaL is 111 orc , a.II t hree il,rc 
o f ten found together i n one loca.l it;_y a nd sorneLin1es make 11p a co 11 sidc ra hle 

percentage of t he total bryozoan ai--sem bi age o f Lh e i--,u1I pie. T lt c c·o -oc·cu r ­

rcn ·cs in t he Palaeogenco f 1rnHtc rn Eurnp(' listed 0 11 p . :nan' wo rLhy of' nolc . 

I n t he l ight of ou1· prnb lc 111 , Li m Brn xell ian n 11cl L edia n oce;u r-rcnces in 

Belg iu m arn t he m ost in LercsLi1 1g. W e have sL i ll Lo exa 11 1i11c, lwwevcr , 
whet her marin e foss ilif'erou:-; forni a.t ion s of t his a.gc m ay b e expected to 
cr op out under t he R ecent sand cove r i n t he so 11 t her 11 Nor t l t Se,t. 

The geol ogical si t uation r ender s i t-, 111 ost un l ikely Ll w.L t hii-- would be 
t h

e <,asc w ith beds of Bn1xell i ,Ln age. Jn Belg ium n o Bruxe ll i,Ln d eposi ts 

arc present to t he VVest of B russels, and i n l◄'ran cc Lhcy on ly reap pear , 
poody develop ed, ,ts a sing le out l ier i n t he hill :-; o f Casse l , E S I~ of 
Calais. 

Th e fossi li ferous E ocene form ation w hi ch iR kn ow n w iLh c-cr La in t y Lo 
Cl'O f) t - 0 l 

1
_. ~~- 01_1 the p rnscnt sea rl oor , b etween H_l,tn ken berge and_ ~ten c. , 

0 1 t,h
c Belgian coai;t Ll1e " Sal.i l es cl 'Aeltre" is sl rrrh t l y ol der ( Pan 1:-;e l ra.n 

() • ' - ' b • 

u_i scari = L ate Ypresia.11 ) t h an Bruxcllia.n u.11 d i t co n t a ins a cl i fferc 11 L 
su i te of Bryozoa, in whi ch Vincularitt , Nelli:u and J'oricritlrwirt arc lack ing 
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Slrn11 11 ia 11 of' <:aa,-; . S \\ ' l•'r, 1111·" ( 1{1,: t ·ss . 

I S(; !); CANU, 1!11 -1) 

1 ( !al<'n i t'( ', h /\st t'~ ri, •:-:. ( '.a rl'it~n·<· d t• la Sn 11y", 

S\\' J•'1'11,1H·n (<lw ll <l i lH<' IYU.I in11 ) 

H,Lri<n 1i:l.n ,, I' Ha11q isliire, l , 11g lu nd (S'i' . 

J <) II N B1 11, 'l'(I N, I !]~!) ) 

Ujl jll'r 13r, U' kil' s· l1 :l.11 1 l l,· cl s :-;,, J,-;l'_v, S1 1SH<'X, 

Engla11d ( I h v 1,-;, I !l:1-1; C t 11 <1 w , I !W2) 

Lo\\'< "· l fr,wk l, •sl,a.111 l k cl s, .l •: ng li sh 

C:l mn 1H: I, ,-; ,111I I, ol' 111 <' 1.-du " f' \\'i g hl 

(C1 1n1 :Y. !!HU). ,trnl :-;.,,,1l,a,1n11l,11t 

( I),\ VJS, I !1:1-1) 

Ca lc:a i r<· l l, · 111:l.y,· . Ca r ri on · d u J"Ol'i rni , 

N\V Fnt,IH'( ' ((lwn td> :--- ••1·, ·nt i o 11 ) 

L c· cl.iu. 11 **) "I' l•'11n·s l , Uu lgi u 111 (11wn " ' ' · 

S('l' \'al i()n) 

Lc·dia n **) nf 13n.n1h1"11ggP, fl(•a1· l ... u cl 11. 

tkl g iu111 (tl\\ 'H 11h:-;01·v al ion ) 

Lui ol ia n ',r Ca injl lJ() ll (L<>i ro - 1 nr,; ,.i\'1 1\ '('), 

vV Fl'H,11( ',(l ( l ) ,\l(' l' l•:v .1 ,: 1. 1,1,;, 1!1 :17 ) 

L1 1I <'I ian " I.Ho i:-;- ( :, l 11i' I (L o i I'( '- i 1d/• ri, ·11n,), 

\V 1<'1'11, l l<' ll (H A LAVOLNI•: , I !l:i!J) 

l ,1tl ol in n 111' Org ln.nd t·s (:\ l n nc l to), U<> I.Pn -

1 iu , \,\ ' f<' l'H,IH 'll (C,\ :-1 1·, l !ll l 'i - l!l l O) 

L11l t·I ia 11 ,, ,· P u,1·11, •,-; (Oi ,-;,• ) , ·1,:l.1· i:-; Ha , i 11. 

Fr;_1,1w1, (C ,\N IJ, 1!)07 1\1 10) 

Li d ,,1 i;in ol' Uli a.u ssy (S,· inn -l' I -Oi s,•), 

·1•a1 ·i,-; Jb :-; in , l ◄'rnnr·n (CANU, l !Hl7- 1!1 10 ) 

I ,11 1 u l ian .,r· .l )n.111nry (1\lan 1L') I 'a,·i ,-; H as in, 

l•'m1lr'u (d 'Orwru NY, I Sr. J- I S:i -1-: UAN tr, 

J!}()7 1!1 10 : f )AV IH, l !) :14) 

Lul <1l ,ian <>f' C:,, 1111ll ·l', 11ll a i1H' (Oisu), 'l'u,,·i s 

.Basin , l•'ra1H·o ( Jl ,\H'l' l•:\·1,; 1,1,1,: , l !J:l~) 

Hl'II X<· ll ia 11 (l r Nalitlll( I,-; , lk lg i u11 1 (Oll ' Jl 

n l ,st· r·,·n,I inn ) 

L"n<lon C lay (Yp rnsian) l <; ng la rnl 
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•ll 

(sec CAl'\U and 11 ASSLl~lt , I D:.rn antl D,,H:1·i,; v1,: 1, 1,i,; , ID:3 :3; a lso chce kc<l liy 

111 c 0 11 new ly coll cdl'd sn,np l<'s frolll Lil e 1\al Lcr localit,y 1) . 

Sin ce Pa11i st'l ian and B r11 xc lli a 11 li ed s arn t.o lie excl11d cd , Lil oso o f" 

L edia,11 age re111a i11 Lil e only poss ihl c so11rce for 011r rc111.111i6 spec·i111 l· 11s. 

U 11f"ortu11 atc ly , Lil cr<) is, Lo ,n _v kn oll'lcdge , 110 st.1·,ti ght - f"on1·a.nl r ecord of" 

L ed ia 11 heds cro pping 0 11 (, o ff Lill' lk lg ia n coa st. T1~sc •11 and H,1~LN 11 or,n 

( I !).~(i , p. S I ) sta,t.c rn c rn ly 1,hn,t, M idd le and U ppcr l~O('Clll' l)('d s I ie lll',tl' 

or at Ll ie s11rf"acc Lo Lh e nor t h of Hla.11ke11 lw rg<' . 

Th ere is, t·, hco ret i C' :t ll y , st ill t he lll orc rc1110tc possiliiliLy Lha.L Lh e Du Lei , 

rcrna.nie spc oin1 c 11 s of" Vi·11,cut11,r i(( , N elfi11, a,ncl f>ori ce/fl/.ri11, <·0111 0 f"ro ,11 an 

even 111 or c di sLa 11 t, source, v iz. t. 110 l~11 g li ,;l1 (' h,1 11 1wl. 1\II t,h rec gener a have 

lil'en iden t ifi ed in s,tlll pks fro lll Lil e l~occ110 <)llt.crnp of prcs u111 al> ly Lower 

B rn,ckl cs lrnm H cd s in Lhc l£11 glislt C l1a1111 ol , i-; 01 1t h of Llw I sle o f" W igh t 

(Ctm rtY , l!Hl~)- D erivation o[ t he l) uLu il i-; pc<"i 1m·11s f"rnm t il e Cha1111 l' I 1trea, 

would i11 vo lvo ncU, tran sport of sancl •sizc 111a tc ri al ove r scvcrnl hu11d rnd 

ki lom etres. Thi s a1:,s 11111pt ion is not in c:011 1patihk, lw11 cvl'I' , 11·it, h (,lw gc 11 crnl 

d ired io1 1 of" prese n t -day Sil 11d tra nspor t 0 11 t,he sc;t floor i 11 t lie Cha.n 11 el and 

the southern part-, o f the N orth Seit, (STB I DJ,; , I !JO:: , t C'xt - fig. I 0). 

Sum ma ri sing , 11'c nrn.y say (.hat Lhc fr1t gn 1011 t·,ary spcci 111 c 11 s of 1 • i 11 c·1tl11,'l'i(I,, 

Nellia, n.11d Foricdl11,rfo, in D 1it ('h c.:oastal sand s an· 111ost prol >1t l1l y of 

Eoc.:cne age and d eri ved from submarine 011t('}'OJlK of marine Eocene 

scdin1 c 11t,s l oeat.ccl to t he i-;011t,J1 \\'es1. Beds o f Ll'd ia,11 1t gc. Jll'l's t1111 itl> ly 

cropping out to t he n orth of B lnn l« ·nliergc off th e .Belg i, tn C'OHst-,, ill'C Lhc 

rno f:i t lilrn ly so urce, b u t Lh eoreti eally t he l~11gli sh Cha1111 el ca,1111 ot b e 

cnLirc ly r11lccl 0 11 L a,,-: a possible so11n'l' a.ma. 

Sorn e ti ,ne nJt,er t,hi s t heory had hcon d eveloped , I had t.lw gooc l for t une 

to nut lrn ,t di i-;c.:ov cry whi ch <.:onsiclcraiJl y c11il a 11 C'es U1 c 1 hcor_y ' i-; eh:1.nge of 

being corrcd. It, w1t,s j·, lrnt of finding a frag ;nc 11 tary spcci111 cn of t he gcn11 s 

/J i llosa.r-ia ( PL tte. fi gs . 1:\- l--1-) in a cure hole aL Sl' hcvc 11i11gcn (S. 70- H.7 ii m 

below s11rfacc) . U nlike Vi11 c11 l rt,l' i(I. , N ellin n ncl Poric.Plll/,ri(I,. /) i l/ o,w1,ri11, is 

rt 11 exc l11 si vcly c.xt inet; gcn11s, r r\.ll g i11 g fro m l•:cH:c· nc t,o O ligoce ,w 0 11 ei t l l(lr 

side of t,he Atla11 t il'. The known oec t11.Tences ,11·c shown in fi g. G, and i t is 

o li v io11 s fro 111 this f-i g m c t hat Lim Schcvcningcn find C'Ol iid onl y d eri ve f rnm 

an 1£occ 11 e s0 11ree. The rc111a.11i e frng 111 e11 t c.:losely rn atc:lrns Lim slender 

form whi ch .l coll el'kd , together ll'ith ./)ittosa,ri11, ll(/e/iww DA vis, f'roll1 

t he Lccli an o f .Forest, Bclg i11J11 , in t he abse nce of a keel. in hav ing con vex 

lateral contourK and in m eilsuring not more than O.J7 mm across a pn,ir 

o f zooccia. J t m ay be presumed t h,tt Lhi s slender form correspomb to t he 

./)i ttos11,ri(/, a11,ver sirm(/, of" DA VlS ( I n:i..i , p. ~:\G) , IJ11 t 1111f"o r t u11 ately t hi s is a 

1w111cn n11d 1111 1. 

J) J>uni sl\ lia u n11 ,ll11sr· s f'l'\ , 111 Jl, n O st.- 11cl '1,l'( ';L a, ·, , rc ·p ur1,•d I<> l, ;1,, ·o l'l ' .J<• l ,ud th o 

i,d,Lnd n f' 8l'hn u wl\ U., tt n ll t I dispku ·.v 111 <• 11 t. o f' ;;ornu HO kil,l111,·I r ,·.~ (V AN H,1,:u '1'1,: 1n:N 

ALTENA , Jn:37 , p. I ."i,l). 
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l<' ro 111 t.110 la, t.,c I [ o locx\ llC heel s w hi ch 11·erc ex posed 111 !,he !, 11 11 1H·I 1•x­

cavat.io11 a.t, \' c·lsc 11 ( f'ro :n :l...J.O 111 below i\1rn;terdn. 11 1 da,(,1 1111 , ;1 11d da.Li11 g 

according Lo \//\ N S T i{.AJ\ ' l' is N ( l !J ii7, p. 17D) from a. l lO uL :! :WO II. I' . ) a, ve r_v 

curio m; 111 i 11 11 Lc i>ry ozoan spec i111e11 waH ohtH,i11 ml Lli a,t, a.ppcars Lo i>ll lo 11 g 

!,o Lil e g1:11w; Uolll'll,/'1/ir;elln ( t'lH,Lc, figs . 17 I S). C:ul /1,11rnir l'!lr1, is a, {. l'() pica l 

Lo 11·a r 111 -Lc rn per,d,u re gen us. I Ls si 11 g lc k 11ow11 spc<'ies, Cnt / 111 r,1 i rl' f la, 

}I_IJri/or 111 i 8 J11,; 1t·1·r1 1,0 N1, has a, n,cc·ent 1) dist, rilJ11 t,io11 i11 Llw ,\ t,ia. 11 Lie, th e 

jl\,fcdit,c·1T,1, 11ca 11 a11d t.lrn l11d o- 'v\!cst J>,1,cili c: ( fig. n) . l t,s 110rt,li l' l't11 11osL \\' 1-sL 

l•:uro pea11 rceord is from C,i l vados, Nor .nn 11 dy ( B t'SK. I SS-1-). If Llw Vd se 11 

speein w 11 also belongs to U. 11y ri /o r,11,is, w hi ch is 1110s!, li kel y , t,li crn is 

pra.eLic:a ll y 1w oLli cr way or ex pla i11i11g iLs prl'Sl'i l l.. ;1,1 10111.i l111 1s, 01·.e111Tc 11 c1: 

Im !, t rn11,;por !, fro11 1 Lil e C' ha11 11 el area. 

!i. C ll /\ N ( :1<:S I N D ll-t•:C'l'I O N AN D l" N' l'l<: NS l'l' Y 0 1,· '1' 111 •: S,\ N l > S l l l' l ' l ,Y l l U H I N C: 

·1·.111·: H o 1.uc 1•:N 1.; 

Th e idea of lo 11gs l10rc Lrnnspor(, o f Ji11 e, sa,m l -siz1· 111;1,t.c-r ia l i11 a 11 1,rt h ­

eaHtwr1.rd di rect ion o ve r long di :-; ta 11 c:eH a lon g Lil e Du t.cl 1 1·oa ::;t is hy 11 0 

rn e,1, 11 ::; 11 ew . A s has bce 11 11·c l I b ro 11 g h t, 0 11 t·. hy K 1w I T ( I !)fi:l , Lex t. - fi g. :\) . 

rna::;s rnovern e11 t of sand from S t o N along ( li e Dut c·li !'Oas(, has nhrnys 

featured in Lil e vari ous U1 cori es 1:onec rn i11 g t he genes is or t hi s coa~ t, . 

The nov el t y is t,o sec 13ry ozoa fun ct ion rts ' Lraccn,' of t lw sa.nd m o ve men t.. 

V/\ N RTR/\/\ Tl-:N ( l !Hi l , p. :387) has r ecen t ly suggcskd t,lw t t l te ra t io 

hctwet: 11 tra,nsverse n,nd longsl10re sa 11 cl suppl y rn ,i,y ha,vc va.ri rn l in Lil e 

eo11rso o f t,imc; he intim,it ml not,1,bly t lrn,t t he t r:1,11" vcrsc suppl y 111 ,1,_v have 

been more i111port.an t d uring the peri od o f r 1.p id ri se in sm1, level (appro x . 

8000- GOOO yc,1,rs B.l'. ) , w hereas long,-, hore su pply may lmve strn 11 g ly 

prcdo 111i n.1.tod d11ri11g t he ::; ubscq uent pti riod o f' dccc lern,t i11 g ri se in sea 

level and ra pid coast. LI nd v,w cc liy l>arri f' r accrcLion (a,p prn x. :iOOO - ~iiOO 

y ea,rs H. P. ) . Thu av,i ilabl c d at a 0 11 rcmanie fos" il 13r_v ozoa, do not; cnn t rnd ict 

t hi::; hy pothesis. 'vVi t h two except ions, ,ill remanie l'li occ nc a 11d l!.: occnc 

(? ) specimens lrnvc been obtained frn m ,mncl s Um(; were dcpo::; i tct l i1 1 t lw 

last !iOOO years (Hoe A pplincli x f ). 

The siLuat ion in a eorc hole drilled at. OcgHtgcest i::; very suggest i ve in 

t hi s connect ion . This co re hole fcat. 111·0::; a l tl met re Ll1i ck sceLion o f eoa,sLa l 

sand.· deri ved fro n t he N or t h Nc,i (-1-1:L80 m below A 1n-;terclant d ,1,t11 1n). 

Hryozoan frag mcnt H occur pcrs i:c; t·,enUy in large 1111mlw rs t lt rot tghout t hi s 

s,u1 d sect ion. Y et , t he lower 8 m etres, co nsist ing o f' ,;,inch; deposi t ed d11ring 

t he phase of rnpicl ri se in sea level , did not y ield ,1, sing le re1111tnie fo ss il 

sp ecimen . Jt i::; not unt il t he up per two metres of lino-grn ined sand , w hi ch 

1 ) (J() t/,.11n1 i1·dln 1·un n o l <1 11g"r Ii " ,·o n s idu rnd a pu 1·uly l {,1•c·c 11 t, g,· n 11s, n s it h as 

lLi way:s l,nm 1. r lm vo n •t'.n n t ly 1'<1 11 n d ( ' . 11_1; ri j 1Jrm.i8 i n sa111 p l,•s nf" ' l\• r l ia r y c•;i ( L o w ,· r 

J\1[i ouon o) 11gu i"rn 111 East ,I ,1v,L u.11d Madura ( I 'I n t ,· , Jigs . I !) 20). ,L 11 d. i it t IH· l<'a l1111 

d o L a l' iuy ( " r\q 11i t 11,1ti c- n ,-; 11p, ·r iu1tl' " ), rn ·,L1· :::;a u c·a l ,-; (C: i l'! >11do), J<' rn,rn ·, ·. 
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,tccording to rresen t views were depos i ted as t he lower pn,rt-, o f t he harri er 

f'a ec duri 11 g Llw ph ase o f rnpid c·o,M,tal accrctio 11 , Lha.t a 1-rnclden i11fl11x 

of' hoLl1 Pli oecnc nnd IGoc·e1w ( !) rc n1 a11 ic spec i111 cns is obse r ved. 

' l 'h, t l; Lh<i appen,rn 11 co o f rc manic spocimo11 s, part icularly t.h e Pli oceue 

01w s, i11 D11td1 coasL,tl :-;a11ds is a relatively rece nt ph eno lllonon is a lso 

111 ,u.lc clc, tr by other ev idence. U n t il quite reee11tly , well inLo histo ri ca l 

Li 111 es, I. l ie H,i ver S<·held t. 's co11r:;e wn:,; rn uch lll0l.'e 11 orth crl y th,tn i Ls 

presen t. 0 11 c. J ◄' rnm so il s111: vcys i11 t lw central isl.tnds of' Llw province o r 

Zeel,wd and fro111 arehaeo logical evidence, i t ,tppcars Lhat the prrn,en t 

locaLio 11 o f' I he ltivcr Nchcldt c:,;tu,try is a post- l{o1 11 a,n devclo p11 1011 t 

(S·1'JW J{. and OvAA, l !Hi0 ; l•'.1rnL~lA:S , l!HU) , ,t11d also Lhat i t reached c:011 -

siderable d ept h onl y ,d'Lcr 700 A.D. (VAN ltLJMM 1,; 1,1rn, l!H:i0, p. uDJ). 

I t follows tlut t he sources o f Pli occne sand -sir.e material were not full y 

t,qipcd until ,d 'ter that; d,tte. 

r\ 11 0Lh cr possible ex: pl ,t11 n.Lion for the r cl. tLi vcl y l.ttc a,ppea l.'a,ncc or 

rc 111 ,t11i6 f'ose< il Uryozoa, i11 Dutch eo.tstal sands is pcrha,ps i111plied in th e 

fad LlmL a, su b:,; t,an Lial pa rt, o f' Lile Q 11 ate r11 ,u·y cove I.' of ba.1Tcn flu v iogl,teial 

,t11d flu v ia,t ile sn,11 ds had fin,t to be f-111 shcd out of the sout.hern111 ost pa.rt 

of' t he North Se,t befo re th e underly ing foss ili fcrow, 111 ,tr inc T ertiary bed s 

eo11ld sL,ut co11trii>uLing t heir fossil eontent to t he seclilll ent drift moving 

n or Lhe,tsLwal.'d over t he botto111 with the prcvn,iling flood <:urrent. 
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:HO 241i ( l!Hi 2). 
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K11 11 1·1·, C., J_, tlH, l{ li i 11 0 l )nltn. a c/p /(a ? V,•1'11. 1,.,11. N(•d . <:,,.,/. Mi,inh . (;( •n. , c:,,o l . 

~,.,·. , XXI ll , 2,;!I 21i!i ( I !l(i:l) . 

L\C:A A I .J, I{,., Thu l'li flc-< ' n1 , H,·y(lzou. "f 11 10 .Loll' Co 1111(1·i, ,,- _ l\fc-ckd . Coo l. i:ll ir hl ., 

~uri, , C - V, 5, I 2:l: l , Ji/ ,s _ I llfi ( I !J.,2). 
Lu 1<11~, ,/ ., C<Jnl1·ilrn t ifln ,i ,\ la g,··o log iP d ,·s P ,1,y,,- Ba,; . I. l {,\ , 11 l ln,i ,s gt'·,> I, ,giq ue~ ot. 

/J1.Ll(11a (,,/ (lg iq1ws cl c·s f',,rago., d o p11il ,.; 11, Ut r (•,·hl. <:11(':-< l'i (:11 r k,11 11 , A rch. 

M11 s. T ('y /m. (2), I J, I O!l ll-W , /Jk :1 7 ( I HX!i) . 
Con I riiJ11I i fln~ a. la g6"1" g i, , d.,, l'ay,-,- 13n,s, .X. S, ,nc/11g,·,-, ( ' ll Z,'·lnndo oL 

(' I I l frn lmn l . :v[t'·,n. S<Jc-. l fo lg,· (!<'·" '- , XVII, 20:1 2,i !I ( I !HJ:l ). 
i\oow1·11 c>cll lN V.-\N DJ-:It l,1 , 1·1.i v1,·, ,J. J<'. uncl. H. . L AC: ,\ A l.f , U ispluu,·cl. l'a 1111w, f'rul11 

insl 1,lJ ·<· <'st 11a•·i no ,-,,•di n ll' n ls i n ( li e· I Ta ring,· li (' I (:\<'I l1C·r ln 11cl s), C oo l. & 

Mij nb ., XXX I X , I I . 7 1 I 72:l ( I !lfiO). 
l'oM1-: 1,c,1,, C 11 .. c ,, rn\ln: i" n un i rn /,· L t'·cl.i l'n d11 IJ1t:ss in clo Bn ,xn ll <'s o t. h1 Lul etion 

s11pc'•1·i,•11 1· d.11 lm ·, sin ,[., 'l'u.,·is. C . I{. , \ e. Su .. CCLII, :lH:l!J :3H4 I ( I !l6 I ). 

H,1-:<:•1·" It1,:N _. \ I: I·I•:NA , C. O. VAN, Hijc lntgu 1-llL d o kcnu is c/ (' 1' f'11s;; i1dl' , suhl'uss io lo ,•n 

I·, ·1· rn1 I ,, 111 0 1/ usb11t, dil' op do N 1·cl 1,,· /11,11, lso sl rnnd1 •11 11,11, nsp"c- lc•n , on 

l 111nnnr , ·,,,·spn ·icl ing, X. V,· rl 1. H1tl . C:,·11. 1'1·c,1 •f'rn1dt1 1-v . \\ ' i_j.-dH'g .. (2), X. 
:l. I I :H , p ls. I I 2 ( I !l:l7). 

l tt M~-11<;1,1•:N , I<' . F . J ◄' . E . \' .\ N, ·1.; 11 k u l,· aanl ok l' n i 11gn11 l ,ij ltc,t. 111· vc11·- uu d.ijk\'l:li l<' ll 

/Jmb lno11 1 in ;';, ·(' land, < :011I. & Mi_jn/J. , XXXI X , I I , 692 illll ( I !HiO) . 
:-:'1•1rn 1t, (1. U. L . anc l r. UV,\ A, Al 'zoli i ngl'n 11.il d o p n ·- l {onwin su l rn.nsgn•ssiop crioclo 

,·n 1111 11 ,·rn·lmnd 1nc, I d o lo"p ,·and" Hc• l l(•/d, · i 11 l\ l iddt1 11-Z<·•• lan cl , C:ou l. &, 
l\ Tij 11 1J. XXX I X, 11 , G7 1- (i7H ( l flfiO) . 

HTHA ,\' l' J,:N, L . :11 . . r. U. v ,\ N, ' l ' li o fJ<l lor·llno ])c-p, », i l s. In : T l ,o (1xc:avalion n.l Vc lspn. 

V orl ,. l(on. Ne ·, /. <:11< ,/. .;\'[ ijn lJfl l twk . (:on. , (:('" /. ~01·., XVII, J/i8 JH:3 
( 1%7) . 
U irol'I i fl 1ml C'lfr..t s 111' wi n, ls, wav,,s and c· 111 T<',ll.l s n ln ng I li o D, tl uh N<lrlh 

St'a Cow-; I . II . C: o" I. &, JV[i_j nh. , XL. II , :rn:J :W I ( l !ll.l l ) . 
S·,·10 n ,,:, , \ .. H. , U1 11 ·, nnl -swopt. fl "c m, uC'ar I lio s111tl 110 1· 11 hal f' u f' (: 1·,•u.L U ri I n in . Q1 111.rl. 

,f . C:f', d. S,I\'. L"nd c, n , N". ,n ~, 11 9, 2, 17ii l !l!l , p ls. 1:l I S ( l !Hi:l). 
'J' ,,: sc /1', ·1• .. G,·gm·un --, lJ0Ln,lfu11do d on b ocl(IJ 11 , ·a ,1 d1· z11 id !' lijko N oord,.rn· " " .IIC'J 

!,anna l. H a nd XXV0 N,·d . NaL u 111 ·k. C:1 ,1JC lOSk . Uo 11g 1·., :308 :i 12 ( I !l67) . 
T ,,:sc 11 , 'I'. c•n T, r. n," 1N1rur,u , l ) o l,nd o111 van h1•( z u id('. / i_j'I .;: 11 il1· i11dn d 1· r Nrnll'f l zoc- . 

Ti_jd :-;uh,·. 1\ a l'C l1 ·. u.,n. , LXIII, p p. 72 H4 ( l !H6 ). 
Voo 1t·1·11 uYs JiN, .f. l-J . VAN, , \ lg,· 111 <1o n go•>l og isl'h ,, v,• 1·z i,· h t. 1 01, 01•11. d iupt·o van -I O ,nu t 01·. 

I n: l t 1u n 1,: 1t, N. , \ . 1> 1-: o t. rLI ., Ag1·, ,hy d.1·0 /og isd10 J> rofielcn yan Z,•,•lu.11d . 

1', il , I. M i 11 . L >Lndli . Viss . V11, ,clsc:h-,,,,, .,. _, J> I' · 211 :12 ( I !Jli7). 

l 'o,s'/.w·ri7,t mn 

Th is is osse 11 t i,dly Lil e rna11use1·ipL u.s .[ c losed i t i n J ()04, but t,ho m a ps u.11 d 

Appe 11 cl i x 1 1 lt avo been h rn11g h L 11p to date Lo i11 c l ucle rnco 11 Ll y pu b li ,d1 od 11 0 w 
r·,·eurcl :-; , 01· 1·1·co11Lly 1111u lo n l >sor v n,t ic,m; o f' 11 Iy uw11 , l'Cs 11/ t i 11 g i11 0 11 0 c>1 · two i11 co n ­
s1sL01 ,c iPs . 

'L'h i, s i t·, is no longer UO l'recL (o sh,Lo (p. '.Jo) Lh 11,L Ni;U i11, oeula,ta d ocs 11 0L 000 111.· in 

!.lie ou.sL01·11 At la 11 t;io, Ri11 eo i t h ris i>non fou nd t h orn ,·ouon t ly 11 ou.r F or 11 a 11do Poo 

n 11d ad cl c- d 0 11 Lho m ap ( l◄ ' i g. 3). 

Co 11 v(• r·s<' ly , l !1:ivo ca 11 cc ll <:d t ho l {ccont ouc1u-ro11 co of V·incnla,1"111, so 11 s11 sLr·ict·n 
f'rnm t·l, e l !lu4 vorsio11 or (,ho rnap (F ig . 2), as [ no /011gor 00J 1sidor Lhat UANU and 

l {A SSLKrt (Bryozua o f' t lio Ph il ipp ine H.og io 11 , l !:.129, p. lJ I ) worn eorroot in ass ig 11i11g 

Llioi,· n ow s,pee ios 7Jenfl(,yonu, to t lt o go1111 ,-, 1/eterncella., whi ch is a jun io r :;ynonym o r 

l 'iiwu lo.i ·in so 11 s11 sLri eto . Consoquo11 t ly, i1 1 r.l, o ch a i11 o r rnnsoning in C.: liaptor 3, 

/ 'inculm·i n ;;h o 11 ld 11 ot bo g r o 11pod wiLli 1\'elli a, a nd P oricclla,ria, but 1·1.t lher w i t h 
/) fftusrtrin. 
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i\PPEN l lTX 

/)11t{{, c r1 ·111·en1,iny I.h e s ;,,;r·i1nei, .. , di."·11s8ei l ·i n /,his 1)(1.7mr 

.\ 1 el ic<'1··itu. 

,:/,.11.r l i:8'1ou rthi i 
M 1LN I•: EL>WAltI)S 

Jl/l etrar11./J1/11to.s 

111,u·, 1,ilif e 1·u.'111, 

(i\ll L N 1,;. E r> WA H 1, ,-;) 

S ch:i z11.s/,0111,cll(I, 

s11cirtJ i s (HUSK) 

I' i /,/.11.ticl<l /11. sp. 

11 inc11 /11,ri(I. sp. 

N el/ia. Ol' ul11tr1 

Hus 1, 

J 'oricellrtrirt, s 1,. 

/)itt os11.rin s p . 

c,,thurnicel/ ,i ,;p . 

L, H'IL I it y a ud. agu of l'< ' llH11t i1\ 
<1e1·1 11T1m1·cs in Dul ,·h 1·11ns l a l 

sunds 

l-fo.1·ing\·li1•I : Oks 2078. f'l'<l111 p ns t-
1 !1 :12 e h a 111wl 

ffar ingvli ,,t;, Oks G7 , GS, 207 1. 207:1, 
207 ii, 2077, 2080, 2084, 20SS , 208!), 
20! ) I, 20!J2, 2(HJ.J , 20\l ii, 20\lS. 2 100. 
n il f'rnm JH>.sl - I n:12 1·ha 11ru,I ; Oks 
2 10:l, from ? Cain.is bods; .Kijkcl11in , 
frrn11 H ,l'U<'llt b<'a <:h sa nd ; 8!'hm·,,. 
ningon , S.70- 8.7/i rn - s 11rf'., 
17.40 17 .-1-G rn - s urf. , bnl h f'rnrn 
Young 1-1 o loc,•no sands; Ongs l g,•os t., 
4 .:37 4.4-2 Ill - Slll'f'., 4.(i ii -4.G7 JI\ -

s 11rf'. , b ol h f'nH 11 Yo ung H n lnl'o nn 
:--;ands 

H a ringv li ,·I. Ok,; G7. frnrn p<1s l - l n:12 
chn.nm·I 

H11.ring v l inl , Oks 20 \l I , f' l'<l rn pns l -
, I !J:12 1·lmn11n l ; [,J 11111 idon , O lo :1:rn , 

G./i 111 •- Am.s l ordarn dnl 11111 , f'r 11 111 
Young lfn lun· no sands 

N,·ares l kn11\,·11 lnen. li t.v 
n.nc l a go of in s il 11 

O C!<'U tTt 1 JH·-u:-,; 

S,·al,l is in. 11 of , \ nt \l ' ll l'jl : 

1·rn1111n i<'• in J\ f, ,r xv m 

Sn.n.tls uf A nt wnrp , 
" P"lld,,rli n 11 " ., f' l)1 1i,·h 

F ln. n,ll'I'" 

ibid.l'm 

S1·1 ddi ,-i11 n ,,f' J\ntwurp 

Sc hc voningon , 8 .70- 8.7.'i m - s urf'. ; L,•d in,n of L <·d ,, a nd 
Ocg;; t·goos t, 4.:17- 4.42 rn - s ur f'. , h ot.h 

I 
Fn r<·sl , .l k lg i11111 

f,·0111 Ynun.g J-["l<)(·ono ;:11,n, ls 

l'[a ring\·li ut·, Oks 20\14-, fl'()JII pos t Lc•di11.n " f L ock 11 111 [ 
I !J:12 dmnnol ; (h· g><tgr·os t , 4-.:17 4.42 F nrns l . lk lg i,1111 
in - s 111·f., frotn Yn 1111g 1-fnl tH'<' nc 
,;and,; 

Hu.r ing\·li ol ,Oks2 102, frorn ?Cala is Lnd in11 of F,,n",1, Bol-
h ncl><; Rchm·oningc 11 , 7.0 :1- 7.0S m - g 1u111 
s 11rf., f rom Y,n.mg ]clo locono sands; 
Kijk <l ui n , fr tllll H,<'<·t111t hl'tteh sm 1d 

fi ,·h ev oningon. 8.70- 8.7/i 111 - s 111·f'.. L f'd ian o f' L edo n,n<l 
f'rolll Yo ung H n l<)(•tinn ,;and ,; F"t'l'st ., lk lg ilt lll 

Vn lson , :J.40 m - A rnst nnl a.111 d n.l u 111 , R,,1:nnl : Cn.l vn.dos 
from Yo ung .Hol onnno :san1l,; (Nn rrnu.ndy), F 1n.11t·o 

(0. J1.1;rifonl1'is) 
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/) rw l/ 'IIU' ll l fl l,i on uj /1•.1· / -fiy11!'l's J Ii 

Thn ll'n rld d i,s t 1·ilJ11 t iu 11 11,nps (t lis t -fi g 11 1'( •s i (i ) 11, 1•, , /,as ,•d , 111 d a t a 11l>t11,i11, •d. frn 111 
lil ,·rat 11 1·1• 1L1HI 0 11 t /11· a 11 t h11r ·s 1111' 11 n l,:«• n ·n,l i1> 11s . l , i.-, tt-d lw l11 11 ,,,., , 11111-.;1• 111·,· 111T!' ll(;l'a 

t hat 1·11 11 s l i1 11!1• Ill ' \\ ' 1·1•1·11n l.s. 

'l 'c. ,- / -fiy11n• :!. \\ 'o r/ , / clis t 1·il 111 ti ,1 11 o f' 1·; ,,,·11lflr i1t (g, ·111 1-.; ) ,w 11s 11 s l1 ·i!'!,1 

'1\ ·rt ia ry , ,!; . Lnrn,t . 'l'n 11 i1111>a 1· ls /11n t ls , l 111 l11 1ll':< ia . J•' 1c \\ ' 1,: 111,: 11 (', , II. 
l l<-1·i li :Ha rl (p rnl,a l, ly ' 1\ •r t i,1,ry g) . My 1!1!1-1-. :\ la /,, Jns, (',,/ 111 l s l11 11d , 'f'h ilip p i1m s. 

\\' . V . -:\J11 .1uiY C11 I/. 
'1\· rli a ry fl . ll 11 1i1 11,11g, l>: 11,s t 1l11 1"110n, l 11 rl, 1111 •.s i11, . E x . C:, , 11 . l{ i_jks 11111s t•11 111 V ltl1 

(:,,, >1 ng i1· on :'l l i1 11 •rn,/og i1· , L1•id 1•11. ,J . \\ ·,, NN l•: 11 L1·g . 
Tnti a ry fl . J\ 1'11 Hi7. , \1 1p rn x i111 1Ll 1• 1· ll -11 1·di1111,l1•s lat :1 iik '-1--1 " ~ - lu 11 g 11 -1 '-l ' :Hl" ·i,:_ 

S, ·r ia , :-i ta1 ,, o f 111'11 11 1•i. ( ' . . J . , I , ,1,1J1o:1t Co ll . 
'l'm tia ry f':l. lln I-I i i . K a l i J\ 11 1IJ1 111t 1· 11 , :\ Ind 111 n ls l:111d. l111l 11 11 1•s i,1 .. 
'1'111,a n l•'11 r11 111,t i11 11 ('1',· rt ia ry , ·ii) . li 'i (ii 111 ). l 'r1q 11d1 . I-;11,,-, t .J 11,, ·11,. I ncl 11 111 •,-, ia . 
:-iw :ik. \ \'. 11 1' l)a cl 11. l{n.j l{,i,·, ·1· an ·11 .. 1,;:i r t l1nr l{n 11g ,·. \\ ·, .,., t l '11 ki ,-, t11. 11. I L S·1'Hll ll' ts 

C11II . 

{)/ i !J'tl'l</I C 

I_AI Wl' I' Cnra lli1H1 L i 111Psfo n 1· . !'\'ax xn.r - ~ cl f'1· p lt •s l , ~fa lln, I I:') f .') I '. 

Uu. l1·ai rt • iL ,\ sti'·r i1 ·s. Carr i, ·rl' d n la /-:, o 11ys. J•' loira, · (<:i r , 1111l1 ·). l<' n 11 w ,· . , \ . ,f. K1,:1J 
Co ll . 

l•'n l111t d ,· Los lm ,·,·it z ('· S t a 111pia n " ). /\ :rno. ( )11,a ; {l, a 111 l1•s ), 1,·, ·11,11 1·,· . U . \V. l ) 1,.IHHlf ,: 1t 
Co ll . 

-:'lfus ,111 l1', 11 ·111:LI i11 1t . Jlf' I 11•, •, ,n M ,m Llill ,, 11, ncl ·, , ,. ,.,, ,11 , V,• n u· n1 1/., ]H ,·x i,·n. E x I{ . \ V. 
ll .\1 (1( 1m . 

h',H·,,11 <, 

Ill -1 7 , <:11l1' o f Sy rt ,• a ,·, ,, :-i \V Uy r1• 11:1,i, ·1 L ( 11, ·d a) , J,il,ya, !lll - JOO' . 
:-iarnl s , it· B f'll -.;s, ·l s . Lg a i ti. ~ali1111 , · , , 10 k,11 S . 1,1· C lm 1·/i 11·o i, Ik lg i11111 Sto p 1-1 

0 1' 7(1, I•: 11 rn p1·1m :'I I ii:rn pa l. Co l/11q11i11111 I !)I Ii J. J{,. L ,\/ :A1\I .J Co ll . 
I) 121 Hi. Q 11 r:lmu la ll1·ll 1u·11,, l1:cl 11 . IJa· i11 a ~, \ ' 11 111 ,1/. l!l'l n . l~x (! . l\L I{. C: ., t1 D1 t 1. 
,l nh at ·11 l•' ,11 ·111 nl io 11 . 11 :)22. 11 . :i k 111 :-;_ 0 [' Ing r•11 i11 Sa ,-n toga. 1\f 1Ll a 11 zas 'l'ro v i1 w v, 

C ,11,a . I' . . f. ll 1rn m 11J isz <! , di . 

Il l -17 , (:11 11' 11 1' :-iy r !I- ar.-n, /-:, \\ ' C:y n ·1m i1,a ( B,•d a) , Lil >y a, :l l -12 ' . 

'1'1 1.1 · 1L1·1Li lah l1• d a : a s 11 ggi,s t tlmt t ho gc• 1u 1s IH'c·11. 111n o x li11(' t in t l1 0 U pp<' r 1\fi nl'o rw 
(prn bal,l y ' l't ·r t ia l'y g ). TI ii' I : p1•,· 11 t, / frl cmc<'ll n 7,en /11,yonn UA Nu a 11d 13A B8 J.J•:R ( Hl'_\'01/,lll1 
0 1'11,p l'hilippi11 P l{1•g io 11 , J!J i !l . p . 111 , pl. !J , fi gs . J:l- 10) f'rn,n N I~ Bn l'11 l'o is p ro lm b ly 
II O I, c011g1·11t•l' it : w il I, I ' i11cu lor i fl s1• 11;; 11 s l !'i t· ! o . 'I'll i;; rn·1· 111.,-1• 11 t·<' i,-,. t. h ,· l'ufrH'C'. 1 ,o t 
s li ow11 0 11 t li u 111 a p. 

'/ '1: .,-t -/i y11re 3. \\ 'o ,-/d cli .; l 1·il>1it i,111 11 1' X1!1 / ir1, rw 11/({ ll/. B us l( . 

. l{l' f'<n '( in< ·o is 11 1cu l1• t ,, L ,\ t:AA /.J ( l 'n,/011<:ono Hry ,lzna f1 011 1 a IJnring in Sur in n. 111 ; 

111 t], u l' l'<·ss ) f', 11 · a 1•0 111 1'/1·!11 li ,-, t ,it· 11II t ho 111·1· 1t1T<'111 ·1·s ;;]11 111·11 o n t his IIHLJ>. 
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'l 'l'. ,·t -fiy111 ·c 4. \\' 11,. Jd di sl 1·ih11I i,n1 ,,r /'nric1•l/((,r i 11. (g, ·1111s). 

/?,1w1m t 

!)0 .:1.24 .!)fi and !)il .7.~:1 .-I X i\.G. I rA l)l)ON Si 11,I ion ~. T 11 1T('S SI J':lil s. 21) mil, •s N N \\ ' . 

o f' ·w ,m ·i111· I s land. r;~ f'111 s. lll'il is li 1\ l11sn 11111 (Nal . 11 i,-d .). 

' I' t ri t 7. (:1111' of' S1 Ll \\' 11,. \\ ' . ,i1· l l11 li n ·in I sland. ·1•,· ,·s ia n <:1111', X 111. , \ .• r. t-:1,: 1.1 C11 ll. 

11/ iurn 11 e 

'l'(' l'I ial'y n:i. L arnl , ' l 'ani111l1a l' l •dn nds, l rnl.011i,s in .. 1•' 11. \\ ' 1rn 1rn (:" II . 
'l'u l'ti11,1· .) ' r:1. l k 1-12 1. K ,t.li i\ 11,l , 111111111 . 1Vl ad11rn l ,da ncl . 11,dllll<'s ici,. 

T,il m n 1 •' ◄ 1 1'111 /1.I io n (' 1\ ·rl ia r _v <':> ) . 1, 7 (G 111 ). l'n1p11l 1. En,sl ,l/1.1':I.. I 11d ◄ 1 1 11 ·s i n. 

]\'fn.nH·s ,\ 1,,, pid 11('y1· l i ,11 •s ( " l,.,11·,11· A q11il11,11i 11.11 " ). ·1•,·1 it N ici. \\ ' . o f' Sa11 ss, ·I 

( B<l1 1<'hus-d11 l { li tllw). l<' rnn,·,•. ·i-: x I . 1\L \ ',I N J>l-:rt V 1,1rnK . 

" Lrnvu1· Aq 11il n 11i 11.11 · •. L ,t lln\ lo (( :irnncl ,·) . l•' ra,u ·(• . ·E x I l l l '-:'11 :-; 1rnl ◄ 1I_Y J "' (', di. 

()ligoui ,w 

L ow(' r C,,nt ll ino Li11H'Siflll.!' . :--./axx11,r -2 d,·,• p l l'sl , l\LLlln, ·1-1- r; I GI '. 

, \ s i11t. (A sy 1li ), N it ,, \ 'it ll oy . Egy pt. l ~x .r. I [_ V,I N VoOl!' l' ll ll Y,n•:N . 

:-;,rnds ◄ 11' Bn 1ssc•k L gn. 2{i . Nali111 w s, Ill lrn1 :-;. of' C h11.r l1· r<>i , .lln lg i11111 :-; 1." f> 14 

"f' 7 th J<:11n>J H'n,n l\ fin11pn l. C11 ll fl q11i11 1n l!) fi l . H . L ,1(:,1 ,11,1 C, ,11. 

Sa n l•'<• rn11,11do l•\ >1 ·i11n.L ion. DB :12 1. :--;o lducln H,,w k , Tr inidad . I ). ,\ . ,). 1111·1·.11,:s 

C◄ 1 ll. 

,lttlmr·11 1 •' ◄ 11 · 11 111, I io n . H :122. O. :i k111 :--;_ Il l' ·1 ng,•ni fl :--;a ,·,tl oga, :,I al II nzn.s l'ro \· in ,-.,, , 

C1 dm. 'I'. ,f. ll1rnM LJ J> 1-:z C11 ll. 

l lasa l l{!'<l 111,ilf l\r1Lrl. :-;J111 IJ11ia lt' i ll , \\111,vnn Co 11nl y, M iss is., ippi. E x H. . \ \/. 

ll ,1 1<1, 1,: 11. 

'l 'c.rt-fiu111·c 5. \\ 'm id ,Lis i J"ilrnl io 11 11 1' l) i /l us((.ri(I, (g(ln11 s). 

'rho f"o ll1> w ing r( '(•n rd s u.ru nu \\' : 

Oliuocene 

-:',1f a ri,, nna Litnoslon(I , l\'[inl ~pr ings lVf,, 111l m l' . Lil ,I I(, Si;wc Cr<l(' k. C! larlw C"11 11l y, 

J\ lu lm ,nn. ur. 0 . L. BAND\' ( l \l -l!l ) samplos G-1-, (i ii /1,l]( I (Hi. I ) . I) . I IA NNrN J, C11ll . 

h'occne 

" 13a l'ion in,n ". l )n 2(i \l. El11,l , li ss1• 1n,mL d ns 1m ins, Gu l.u clns l_l11,scp1os, li i,i,-,-it z 

( l ~as,;os-l'y ,.{11u'1us ). l<' l'll,lll'O :--;1.,1' (i 111' :il h Eurnprn tll ]\linllp,tl. C11 ll llq11 i111 11 I OG7 . 

. ) . E. l)or,LI!: Co ll. 

.Jnh tu:" l<'n l'lnHI i()n . 13 :!22. 0. :, km :--; . o f' Lngt'nio :-;a,.a l ngn., :i\Ltla.Jlz,ts '1'1 ·"\' i1w(•, 

C uba. P . ,f. H1rn~11 1J>1,: z Co ll. 

H niml l trn l 131idT l\fa,. I. Rlu 1h11i n. I I'ill , \ \layno Cn 1111Ly, M iss iss il'pi. E x g_ \V. 

HA ILi, J•:J t. 

l <. 1,: 11;..:s ',; J"oconl (Z11r f'11ssil c' n Fn1111n cl,, r O li go(·i i11sd1i(·hi l ' J1 '\'() 11 <:,ms. I X!iO. 1'· -His) 

o f ./J i ttusnrin vriw.n f'ro ,n tlH' Olig .,<·<·n " o f' (: ,ms ( L ,tnd,'.-;), l•'n1111·1 ·, is 111>1 ,-; !11 111·11 o n 

Lhi s 1111t1', h,•ca 11 s1· ii 111 0,-;( , li k( ·ly 1rf',•,-,-u,l lo ,t SJll'C i111< •n of / '11 sy /h Nt,. 

T e:r t -fiu/( re G. \ \l()J' ld dist,,-ibul io n of' Uotl,um ice/l(I, 1Jyrifrn"m'is ( 13J.:w1·n LoNT) 

Thu f'o lluw ing 1·neords 1t1 ·u now: 

4 Seri es B 
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ii () 

R ecent 

88.4. J6. :l9 . on reel a lgae c·as t up nn h PnC'h bot wt'<·n l{ pc• il< ' n nd O lind a , Brns il. 
B l' it. ish Museum (Nat. His t ). HI l>LEY Cn ll. 

S t.n . I I 07 . E. o f' T olmgo J s lnnd , \V .l . 'l'np o f' ,·o rn . 4 I f'111 s . O r in "''" S I 11 ·1 f' E x p<'dit ion 
Coll. , vido K oLrn,: wr.JN (S('rlin w nt R o f' t-110 Pm·in -T ,·inidncl Nl1 (' I/'. l (!' p. Orin nf'o Shel f 

E x pcd. , TU, l !Hi8). 

Miocene 

Turlinry fl -2 . Ct :1!) 7 1. A i-nih , l\fo.cl111 ·11. Ts lund, I 11rlrnH's in. 
Tu ban F ormat ion (Tor f. ia ,·y 1':i) . li 7 ( :i 111 ). 'i'l'll p 11h , ·1~as l ,fn., ·:1, I 11d <> n1's i>1,. 

J!'a lun de L ariey (" U ppe r /\q11it n.n ia 11 " ), 11 c :1r :Sa11f •1t l s (Ciro 11cl <·) , Frnnc0 . l~x 
BlPM !S Lra tot,y po Cu ll. 

-




