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On Desert Sand Seas 
by Nicholas Lancaster 

Dese rt sn nd seas co ns t i t u t e a n i mpo rtn n t pa rt o f th e m od ern 
and a nc i ent g l oba l en vironme nt. T he i r r ock equ iva l ents 
cont ain i mport u nt o il a nd gas d ep osi t s a nd arc unrivn ll cd 
nquifcrs. T he fl ucl unt i o n o f desert s has c nuscd the decline 
nnd fn ll of u neicn t c i vi l iznt i o ns Hnd i n nl od c r n ti mes 
i n the SHhc l. Ye t little hus b een d o ne t o s tudy dese rt s inn 
systc mnti c wuy, and th eir t o Hcccn t hi st ory 
r em a i ns t o be determined. This nrtic l c r ev i e ws c urre nt 
resea r c h o n ho t, l ow lnnd de serts, c.spec inlly in sout hern 
Afri ca , w ith an e mphasi s o n p n lncocnviro nm c ntnl nnd 
pu lncocli m utic r econstru c t ions. 

In t r oduc ti o n 

l l<•sert snnd seas, or ergs, nre i mportnnt IJu t poo r-l y unde r-
stood deposi ti o nu l svstems, which occu r t iH·oug-hout 1n ue h of 
r;<•o l or; i en l time. they cover 1norc tl111n :12,000 t.: m2 
nnd <·on t nin ov<'r H:i '/, of tile' t.: l o llill i nventory o f iiC'o li un 
snnd . \lnny snnd sC'H dt•posi t s a lso inc l ude m i nor bu t s i,; -
nif l cnnt IIIllOUnts of intC'I'dune l neustrinc and cxtrn - duiH' 
flu\·in l, I II<'u.-;tr·in<' or lllllt'ilw deposits, whieh pro \·idl' i lnpor-
tnn t C'\· idcncc for reconstrueting the h istory o f t he sa nd 
body. 

\lajo r nr·t•ns of snnd scn m·eun1ulntion oecur· in the Uld IV or ld 
dt•serts of the Snlwm , .. \ral)ia , cenl!'ll l .. \sin , ,\ ustnrl in and 
southt•rn ,\fl·ica (Fig . 1) , where dunes eover up to one-t hi rd 
of the nrea clnssifiecl 11s 11rid . Si nce mnny of these ncol iun 
dcpo.->its make up 11 sig-nific11nt <)Crccnlagc o f lllC 
scdimcnts, the history of their nccu mu lntion can n lso revc,tl 
n1uch abt,u l the history of these regions. T here 
is nlso cviclencc, in tile forrn of d une syslcrns now stnllil i zcd 
o r fix<'cl l1y vegl'lntion, llw t rnnny sub- t rop i cu l sand seas 
were rnucll rnore extensive in g lacia l periods (SI!I'Illil<•i n, 
l97d) . Such systcrns can provide vuluab l c i n forrnnl i o n on 
palaC'owincls nml ci rculation patterns. 

In til<' g<'olog i ea l rl'corcl, sn ndstoncs consi dered to be lul';c l y 
nco linn i n or i; i n have bN•n ident i fied fi'Oill t ile l' rcc nrnbrin n 
to t ile Tertiary . T hey n r c pn r t iculnr ly cornrno n i n f orrnn -
t i ons of l'crrn inn t o .Jumssic nge , when ex t ensive sand scns 
occurred on rnost continents (:,III(Jcr· nnd Ynrd l ey, 1985!. 
T he nwjority of neoli a n samlstoncs npparently nccumu lntccl 
in low - lntitudc desert r<'g ions as snnd llocl i cs cornpnraiJ l e in 

t 
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Fi gure 1 : Distr i but i on of major modern active sand 
seas. .Vote large concentration in the Old rvo rl d 
deserts. 
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ex t en t nnd dcposit ionnl setting w rt ll modern sand seus. Thus 
t ile bes t wny t o underst11nd the orig i ns 11nd dcposi ti onn l 
c n vimnrne nts o f ancient neolin n snnds t ones i s t o study 
1nodc r n du nes 1111d the i r dl'pos ils, ns ndvocntccl by (;Jennie 
(I ll unl cr ( I nnd .\ il'l\c<' (I liiOUJi l son1e 
llllec 1n 11S t Lll' IIIII<k f <n till' l11tc .\lesozo i c evo l ution of l n i l' 
cl<•s<•r t nn.; i oSJll' l'lll vq.;<· l ntion. 

A ccu rnul n ti o n o f Sa nd Scns 

Snlcll il e i11111<.: es of ci<'S<'rl rc·;; loll.'i , to;:• ·lh•·r w i ll! studll'S of 
reg- i onu l w ind rcg·i1ncs, lliiVl' shown tl111t snnd sens :Ir-e dy-
lllllnie Se(l i 1ncntnry I)Qdies l11:It fot ' ilt pn r t <lf nc;wnnl -scil lc 
tmnsport systl' lllS ( 1\' ilso n, 19 71 ; Frylll'rgcr a nd t\h l bmnd t, 
I 979; r,Jn i nguct, I Lnncn stcr, I Cl85 ). Sand i s rnovcd by 
the wind over long distances from co11stal or n l luv inl source 
ZOII<'S and i s dep osited wlK'I'l'\·cr lrnnsport l'lltes dccr·ci!SL'. 
T hese nwy be reduced by topog-rnpilie obstnc lcs 11e ross Sllml 
t ransport pnths, or more co1nrnonly, IJV r<•g-io nn l cl i 11111til' 
ch11ng<'s tlw t lencl t o 11 clct·r·cn.->c' in .vincl \·<' lol' ity , 1111 i nc re:rse 
i n tile directiona l vn r illl)ility or til e wind r·e;irne, or both . 

Co n vcrJCnce in the ll'e of l opogrnpilic ol)stnl' l es (c.lnin,; uet , 
i bid), or in nrCilS or lo w r e lid. ( 1\. il so n, I ). also il11s tile 
snrne 0ffcct . ,\Jany e11;s, p11rtil'ulnrly in tile Snlwl'lr , :lrt' 
erossed l)y snncl tr11nsport pntils: tile SllllH' winds t hnl lnll\'t' 
rnater·in l to u snml Sl'll e11n nlso 1'<'1110\'C i t, l ending- to 11 
rni,; r11lion d o wn-wiml o\·er linl <' ( ,\. i lson, t.lning- ul't , 
I In tile NH!nib S11nd S<'ll of southwestern .\friea 
(l'io; . 1), for l'XIIIllplc . snnd tr11nsp o l'l rate.-> decrense rnland 
n nd norlilwnrcl nwny frorn sour·<'<' nrc•ns clo,;e t o tile Uran;e 
l{iver· lllOUtillllld on til l' C OilS! · (LI.II!CilSt<• r , 1985). 
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Fi gur e 2: Occor r ence of dunes o!- di[[erent. ! 

in global by Frybergcr ( 1 n 79) and tht .. i r 
r e lati onsh ip to wind of d iffcrcr1t liircc -
tional variabilit!). Th e.• UDI is t.'Jt:' r.Jti o 
potential s.Jnd tr.J.nspo r t fror:1 r esul t,!nt: direc -
tion ( RD) .:1.1d t o tal ,rot:cntial s.Jnd t :- .L'J.'i('l\rt. r DrJ . 
Fr om r-v•asson and ifyde ( 1 9R ],1 ) -

The occurrence of dunes of diff<'n'n t in il s.nnd sea , 
nnd tile spatia l vnriil l io n i n their ::ize nnd spncin:.; , 11111\' be 
rega rded as the surface C'xp r·t•ssion o f tile f uctors ·that 

.control accumulation: Studies •o f tile' occ urrence of ·mujor 
dune t ypes tcrds<·en tr c , lrncH r st:td show that each i s 
lar-ge ly cont rolled by t ile <lin'cti onnl ,·ll ri"!-' i l it y of t he wind 
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Figure J: r:e l,J t. i ()tJshil ) dune h e i ght_-
.S t'.lS . 

n •g- inH', 11s tiJC mtio ilC'l wcen t11c r esu l tant sand 
tm nspo1·t \'l'elOr nnd til e: t o t nl p o t cn ti:li I 'Cc t o r tFig-. with 
grnin sHnd supply nnd vcg-c' tntion cove r playing H 

sui)OI'd lnate role ( l: r -,- bcrc;e l·, in .\ Jcl\ec, I Lancaster, in 
Urookf1c ld nnd :\illl.;!'lllld.t , ! 1\nsson and !!ydc, 198 :lllf. 
Fi··urc• 2 nlso illustml<Cs lih' fa c• t lllll t dune tvpes 

vary inG' am ou nts of sn nd, as expressed by t.heir 
equ i1·1llent til i d;nc ss. 'l'il is 1s tile cleptil o f the layer l l111t 
wo u ld l>c o btnined i f tile S11nd o f tile dunes were sprcml 
('\·c•n ly OVL'r tile a rc•a be tw een t ile dunes. 

In tiw ;\arnilJ S11r1d Sc•a tile dist ribu t ion of diffe r e nt 1-:inds of 
dunes enn lw re lnted rnninly t o r·,·:;i ona l in tiw 
clircetlOrlll l \'ariability of tile 'Nind rc;ime tLancllstcr, i iJ id.). 
ll<rrciln:1s 11ncl cl·cscent i c dunes occur in unidirecti o nal wine! 
r e_; i llll'S nC'IIf ti>e C'OI!S( ; !incur dunes cJom inlltC' 0 \·er illUC il of 
tl1<• Sllrld sen, wiH•r·c bi - direc t ional wind s occ ur; a nd star 
d11nes are <r ssoc i11tecl will! rnu l ti - dircct iorllll wind regi mes 
;li o n;; tile e;Jstcrn 111/l l'g' in o f t!1e sd ncl sen. :\ s i n rnnny e r·.;s, 
up Ninll lll'ellS he re a re eilnract eri zcd by lo w dunes n nd s11nJ 
sheets. w li i c ll 11111y r eprese nt deposi t s l e ft behi nd by tile 
rr; i,;mt ion o f t ile sn ncl sc u (h: oc u re k nnd Nic lso n, l 
l'o rlPr, 19 tlti ). Ccnlrnl IHCas of tile sand SC'I! are eilnr-
m•ll•rizc•d IJy lllr6 C c ompound 1tncl complex dunes . 

. ·\ erinl p ilot O<J l'llpils nnd Slll ellil c irnn:;cs o f desert Sllnd scn s 
sho w ltllll rnost du ne pntt o m s 11rc ve ry rc,;ulnr. The re arc 
close e (>l're lnt i o ns between lic i,; lll , w icli il nnd spac i n.; (U rocd 
n ml C:ro w, in .'.le 1\ ee, l Lancaste r, in l3rooh:ficld nnd 
.-\ ili iJnr nd t, and ilyJe, 198Jn,b ). In 11111 ny sand 
seas, i1 e ig-il t and spuc ing V11ry in 11 sysll'm u t i c w11y , with 

U&Ll 

l 
Iarg·e d unes in centml areas and progressively s:n all c r ones 
t owards t he mar;;ins. Tile f o rm of tile relationship between 
llci;;llt and spac ing varies with t ype and location (fig. 3) , 
w hi c h suggests that dunes o f different t ypes deve lop in 
different ways. Complex und star d unes ex hibit n t endency 
for vert ica l growth, i ndicntin,; nn nbu ndant sand supply nnd 
11 wi nd regime t1111t promot es deposition on t ile dune, ruthe r 
th11n its migration or extension. .-\Jtcrnati vcly, 11 given 
ll ntoun t of Sllllcl (' ;lll IJC' i nto I! few wide ly spaced 
dunes or 111 11ny snwll closely sp tteed dunes, HS in the Simpso n 
Desert. l l owcver, the de vc l op r:wnt o f compound linear 
d unes in t he Namib S11ncl Sea, !incur dunes i n tile (j ren t 
Snndy i Jcscrt 11nd crcsccnt ic shnpc in the Lj m n ilesicrto 
uppenrs to be limit ed by Sll llcl supply (l.nncnstc r, i n p r t•ss). 

In Nnrnibia, clll t u from studies o f dune rn orphol oljy cu n be 
eomllined with informn t ion on winds and trnnspor t 1'/ltcs to 
dcvl'lop ll model of s11nd sc•n forn111tio n in w hic h rnnterinl is 
moved inlnnd fr·o rn source llrl'llS to nccu r:1 ulnt<' in lu r·.;t· 
c o ;np lcx li rwnr und stnr dunes in the e cntc r o f the <· r·; 
(l ,nnl'nstcr, i bid . ). Dnlll from lincnr 1111d sl ttr clurw s in til l' 

Sn nd Sea show ti111t ti1c>i r <' ross seeti o nnl nrc' ll 
inercHscs Io:;nri tlnnic nlly w i th dune heie;ht. i\rc1tS o f 
eornplcx dunes (Fi;. 5) , L'Ve n tho u;il wl <ic>ly spHced, 
repr<'sc>nl 11 ;rcnter IH'Cllrnul!l t i o n o f s: rml th11 11 do srnnll<'r·, 
!TlOI'l' close ly spaced, sirnplc nnd co ;:1pound d unl's. l n for-
rnHtion on dune siZL' n ncl cqui vn lcnt t iliel-:ncss en n I)C trs<·d t o 
illllp tile p11 llcrn of llf.'Cll llllllnt ion in 11 snncl scu ( Fi; . ·l ) . 
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•::::; :: :o: r wd by 
(198 1), i ndicates that ari d conditions developed from 

the e nd o f the or Early l'liocene onwn1cls (3 -7 j,Ja). 

!! 

:·.l os t sand seas pi·ollnl)ly accumulated durinlj this peri od, 
w ith their cle\·clopmcnt stron._:;Iy influenced by Quntc rnnry 

I cli nl ntie ciH!nljcs. In hypc•r-nrid rc:; ions, such 11s t he 1\wnii), 
these chnn:;cs hnve been of l'el ll li vcly low 11111plitudc nncl 
du l'llti on nbou l 1111 arid t o hyper- arid 1:1enn. llo we ver, in 
scln i-nricl nrens suc h us i\us lrulin 11ncl tile i\ulntwri , QuatC'r-
nnry e li n111t i c e hnn:;es hnvc b een o f muc h b-reule r amp litude 
nncl durution. 

Sa nd scns p rovide [Mln coen vironment nl informa t ion fro rn 
tllrL'<' n111 in sources: dune systems (cspec inlly t hose fixed by 
vq:<'lation), i ntC'rdu1w deposits, and pene t ration of outside 
fluv iul deposits into tile lllll rJins of tile cf';;. The qllltlity o f' 
pnlu cot'lim ntiC' clnln provi d ed here is frl'(]UC'nlly !ll uch lJct l C'r 
tiHtn l!lll t oblninccl f rom ndjn ct•n t r oci-;y d esert r e;;ions, f o r 
dtlnC III'C'II S l end ( O /lCCC' IllUII tC' tile el'fc ('( s Of' both dry fllld 
we t phnses ( lt og- no n, I !l!l2) . 
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Figure 6: Sc hcmdt i c i llustrat i on of e ffects of 
chnnye on sand seas. r1ftcr F. o gnon, 1982 . 

In periods of increased minfall, the hi:;h i nfiltration capac-
i ty und po rosity of dune sands favours the growth and p er-
sistcnec of vege t at io n, whi c h may lead t o the format io n of 
soi l s and part i a l or comp l e te stabi li zation of the dunes 
(Fig-. G). If t he periods of increased ra infa ll a rc o f suf-
fic i e nt magnit ude and durtJt ion, t hen water t ables will ri se, 
resulting in the accumula ti o n of pond and mursh deposi ts in 
i nlerdune areas. In periods of intense rainfa ll, runoff rn&y 
e rode dunes (Talbot, 1985). In contrast, periods of arid it y 
will g i ve ri se t o a ve ry unfa\·ournbl e biotic environment 

1 w i t hin the e rg, wi t h low wat e r tables a nd ac ti ve sand move-
p r e venting the g row th of vegetat ion. 
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Fixed Dune Systt·"'-" 

Extensive· syst crns of dLllll' ."' • 1110:, tl y r 1,c·cl h y 
(F ig. 7), hu\·e been r<'l'O!:Ill/.<'<1 f"'"' ·tl..- "'"r,: 1; , , of modPrn 
ne live S;JtHI scns in t lw Siilll·l t< ; ,..,\., . l t!l<l 11 I 
Talbot 1984) , southe r n .-\fri<·n (LIItl<'II St•· r·, Jndi11 
(l; ou<lie cl u l., n1Hl .-\ustmlin (tlow l<' r " ' " ' l\ 11 ,_s011, in 
Voge l, 198·1) . c:ompariso n of the Jlr<'clp itllti<•n J1 1111 t.s of 
nctivc nnrl fixed dunes ca n provide 1111 i n<l i <· rllio 11 of' t t11:' 

rnngnil uciC' o f c llnn:;cs i n the position of c l i:nntiL' '"'It s, hut i t 
i s no w clea r tlml suc h compn risons nrc o\·er- simplifi c<l . T ll,• 
i rnpo rl nnec o f inte ractions be t w<.'en w i nd ve loc it y ancl 
vcljclntion "over (unci hence r n i nfn ll) on sancl mobi lity nre 
now bei ng increasingly recogn i zed i n studies in Austra li a 
(o\ sh nnd l'iasson, 198:3) , the Sn llcl (Tnlbol , 1984) ancJ 
soul hern :\ frien (Lnnenst l' r , I 

Figure 7: stabilized b y savarm.l 
vegetat i on i n tht.? Kalahari sand 
Dun•'S arc 8 - 10 m high, spaced 400- 500 m apart nnd 
al i y n cd Nf>-SE. 

T ile mobilit y o f' dese rt dunes is d irectly proport io nnl t o llw 
power o f the wind t o move snncJ, but i nversely propo r tiona l 
t o t he i r vcge lntio n co ve r (1\sh nnd \Vasso n, 19H J). I n t urn, 
v<:>gelntion cover is 11 funct ion of the rutio bl'lwc<:>n 11nnunl 
rui nft!ll (I') nnd polenlin l evap o-tmnspiralion (PE). :\ n i ndex 
of t he snncl-moving power o f the wind is t he pe rcentugc of 
t he lim e the w ind i s blowi ng ttllove the thresho ld VL' locity 
(\\') for snnd lrnnsport (4 . 5. m / second). The ru lio o f these 
tw o tec·rns g i ves 11 mobility IV / (1' / I'L). 

In southern :\fr icn the re is il g- rncl i C'nl in snncl mol>ili ly , 11s 
defined by thi s rl'lll lionship, fro rn the northern unci eastern 
purls of the south wes t e rn l\n ln hari t o t he active Nnm i b Snnd 
Sea (Fig . 8) , which n cc urate ly pnrnllcls obscrvnt ions o f the 
amounts o f snnd movemen t o n dunes in the region 
(Lnncastcr, 1987). Critical values f or ·.1, bnsed on the 
author 's fi e ld obse r va t ions, arc si m ilnr t o those o f Tnlbol 
( 1984) fo r the Sahc l , and incl i c al c lhnl for \I vnlues exceed-
ing 200, dunes are fully act i ve; between I 00 and 20 0, dune 
p linths ancl in t erduncs nrc s t abi l ized; · bclwcen 50 and 100, 
only dune c r est s are active; and less tha n 50, d unes are 
comp letely s t abilized. ll i s c lenr f rom Figure 3 t hat 
significant increases in wind ve loc ity or chunges i n the 
r.loi sture bala nce occurred d uri ng periods when the d unes i n 
the south w est ern 1\alnhnri we re formed o r r e m obili zed. 

The palaeoe l imat i c r ecord f o r j he southweste m 1\ alahari 
suggests tha t · the d unes w e re ac l jvc in the period 19,000-
16,000 yGP, coeva l wi th the l ast c.; Jac ial -'·Laxi m um in hi;; h 

. ! 
I 



lutitudes (Deacon and Lancaster, in press). During this 
period in southern Africn, mean nnnual t empera tures were 
som e 5°C colde r than u t presen t (ll ea l on e t al., 1986), a nd 
Newel! and his colleagues (1981) i ndicate tha t wind ve loc-
ities nt the latitude of the sou thwest ern 1\a lnhari would 
hnvc been 117 '6 of present 1·n lues. r\n inc rease in wincl 
velocity o f thi s maGnitude would have been su f fi c ient to 
inc rense substantinlly t i1C' move m ent of snnd, giving rise to 
11 n increase in 11 from tlw present mean n llue of 17'1, t o 
J7 . .-\ !thoug h PE v1ould lw ve been reduced as a result o f 
lowc·r t emperat ures, the inc reased windiness in \he ret; ion 
would IHrve been sufficient to reactivate dunes over most o f 
tlw southern nnd western pnrts o f the sa nd scu . llowcvcr, to 
renc\ivu te dunes in t he nort he r n nnd east ern pa r t s of the 
southwestern 1\oluhnri, c hanges in \he moist ure bnlnncc, 
involving a reduc tion i n rn enn annual rninfnll of :10- 40'6, 
would lwvc also been rwc essnry ( l' i t; . H). 

!'or the Snhe l, 'l'uliJot ( !9 84) co nc luded lira \, despite 
incri'IL'<'d Late l' l eistocc ne .-;ind \'e loc iti es, cltrne f o rmn\ion 
nml rcal'livation in the pe ri od t o 1:1,000 ylJI' 
·.voulcl h111C' requi n'cl 11 r eduction in rninfnll t o 25-50 '1. o f 
presen t vnlues . .-\ sll nnd 1\'nsson (I \J8:I) suggest ed \hut 11n 
increase in w ind vt'locity o f :lU-JOb in lire Sin1pson desert 
would n'sult in \he rn obiliznt ion o f lincnr dtlnl'S. l;o r lire 
Lntl' Pl c ist oec ne dune build ing phase J,OO O y iJI'J, 
ll'nsson Vogc l, 1984) nrgucd lhnl inc reased wind iness 
would lravc rniscd I'E unci enhanced arid i ty, even without 
any rninfall dec r ease . These vurint i ons in the pulacoc lirnatcs 
infc rTcd for dune forrnali o n probn l) ly rdlec \ reg iona l dif-
f l'rcnccs i n tile limiting c limatic factor for dune uc\ivity . 
. l l or·e sopll i sticutccl rnodcll ing or tile condi ti ons f or dune 
formati on is required , especially for nrens such ns the 
southwest ern U.S.!\. wher·e some of tile elirnutic variables 
rnny be cons t rn inccl by pulacobolH nicnl e vi dence for 
tcrnpernturcs and prccipitntion (e.g-. i)nvi s, 1987). 

( ' ornpn ri sons be tw een \he modern pnttcrn of sand- moving 
w inc!s and dune a lit;nn1ents rnny f)ro vidc important informu-
\ion on palaeocircu lnti on patte rns. In tile 1\u lnlwri re;; i on of 
southern .-\fricn, ( 1981) rcco;;ni zecl three systems 
of fixed dunes, eac h corresponding to a different pnlncowind 
pat \ e rn. T hese systems suggest l hut l ' l c i stoccnc 11 ne! 
llo loccne per iods o f aridity und dune forrnution in sout he rn 
.-\l'ri cn were associated with, and [Hollnbly cuuscd by, 
i ncreased persist ence and strcn;:; th o f anticyclonic c ircu-
lati ons, w hich prevented m o isture-bearing winds from 
rcncilin;; the in t erior of til e sub-con tinent. 

lnterdunc Deposits 

Til e l'Xt c nt nnd sig nificance o f in tc rdun e deposits in modern 
nnd nnc icn\ acolinn scd i rnen t Hry environments is bc in,; 
increasingly r ecogn ized (-\illbrundt Hnd Fryllerijer, I \l8 l; 
1\ocurck, 1986). llowcvc r, r c l tJtivc ly little is known ubou\ 
tile occurrence Hnd chnrac \ c r ist i cs of int crdu nc deposits in 
rnodl' rn sand seas. In the Sa nd Sea, some 50% o r u l l 
<iL'positio nal consis t of intcrdunc areas. r'.lost or 
these nre either gently undulnting sund shcc t s deposited by 
w ind rip[.J ic m ig r·u t i on o r exposures o f tire sub-dune su rl'ncc. 
However, outcrops of ca l careous m udst ones and snndy lim e-
stones of Lntc Quntemnry uge a rc [.>resent in some in\cr-
cluncs (Fig. 9) in the no rthern pn r\ o f the area (Lancaster 
nnd Teller, in press). A s with simi lnr deposits in the Su !HJrn 
nncl Snudi :\ rubia (i{ognon, 1987; 1\'hitncy e t 11!. , 198:!) , they 
have n n importance thnt for exceeds their small ext ent. 
lntc rdunc deposits can provide clu t o on the c hronology o f 
sa nd uccu m ula tion t hroug il rudiom cl ri c cl a ti ng of carbonates 
11nd molluscs and stud ies of ossoc intcd archaeolog i ca l 
ma t erials. They are n lso on important source of j)nlaeo-
climu tic da to for dese rt r egi ons 1986). 

1

1 

In the Nam ib Sand Sen, t he ca rbonate-ric h interdunc 
I l acust rinc depos i ts a re indicative of increased moist ure 

I. a vailabilit y in thi s normally arid to hypcr-u r i d reg i on. 
D iatom and mol!uscn n f aunas ind ica t e that the wat er bodi es 
were fres h t o bracki sh in composi ti on. ,\ l odern nna logues 

L __ 

sugg-est scvernl possible clcposi tional cm·ironm c nt s. Shnllow 
scnsonol or ephem eral lakes mny hu1·c formed in int c rdu nc 
arcns as a result of i ncreased regional o r local prceip i ta -
I IOn. Lon,;- continucd periods of incrcused rainfa ll mny ha 1·c 
rnisecl locnl groundwntcr lc1·cl s t o such lhu t scepaore f rom 
slw llo w a qui f crs occurred. 

In some nrcas, such 11s 11\ hlwm rnHIJcs on t he nor thern 
margin o f the Nar:1ib ( Fig . 4), Likes rnay ha ve formed 
adjacen t to cphcrncrul wate r courses in response t o il i;; tr" 
groundwa ter level s i n those ri ver vnl ieys (Tel le r 11 ncl 
Lllncastcr, 1986a ). i\t other local it ies, for ex11rnplc at 
Nurabcb, lnkcs deve loped ut t he form er end point s of 
cphe rn ern l rivers, whic h nt one ti me were able to [.J C!lf'lrut c 
m uch farther w est into the Sand Sea than t hey do now 
(Tell er a nd Lnncns\er, I !J8tib) . This i mplies one or both of 
the fo llo w i ntr : rninfall nnd runoff in the hemlwn\crs of tl1c 
ri n•rs in the lrib'hl:rnds <'Hs t o f the Snnd St'll wt•rc a \ lr tll<'s 
grc11te r, 11nd l inc11r dune pa t t e rns were suffic iently open t o 
pe r m it water to flow ns rn uch as 40 km west of th e pn'SL'nt 
t erm i nn] playas of \h CSL' rive rs. 
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Figure 8: Re lationship t ·ett .. ·e t:n the of 
tioc the t·.:ind i s abo\·e threshold vel oci ty f o r sar11"l 
transport ( h') and f'{fectit··:! precipita:i o n ( PI PE) f u r 
arid areas in s outhern Africa toda,.- ( .\) and at 
18,000 y iJP (IJ) . 

In the N11 rnill, radi ocarbon da t es o n nwny of the i nt c rclu nc 
laeustrine carbonates und molluscs c luster between 20 , 000 
and 32,000 y iJP ( \ 'ogcl and Vi sser, 198 I; Teller unci 
Lnncast c r, I Lnncaster und T eller, i n press). Lvidcncc 
frorn else where in the uric! zone of sou the rn 1\frica (Deacon 
c l ul. , in Voge l, I 984) i nd icat es tha t rainfa ll tlrrou;;hout this 
c limntic zone wus probably significan tly h i.;hcr during lhL' 
period when these l ocustrine beds we re deposit ed . In 
northern Sni1aran sand sells, incrc;Jscd flooding o f the ll'ocl i 
Snoura a nd lakes in the Chott :)jcrid bnsin, also indicate 
inc re11sed moisture u\·ai lobility between 40,000 and 
20,000 yiJP (H ognon, 1987). 

Similarly wet conditi ons occ urred in the sou t hern Snhura 
during t he same int erval a nd ogfl in in the l!oloccne be tw een 
9000 nnd 7000 yt3P, when lacustrinc conditions were very 
extensi ve (l'e ti \-1.1 u i rc , 1986; l{ognon n nd l 'ii ll iams, 1977; 
Talbot, 1984). In Saud i .·\rabia, interdune lacustrinc deposits 
from the Nafud and Rub- al-h:hali sand seos ind icate moist 
conditions between :l:Z,OOO and 24,000 yt3P and aGain 
between 8,500 and 5,000 yt3 P (1\'hitney et al. , 198 3). It 
appears, the refore, that t he peri od leading up t o the l ast 
Glncial c. !ax i mum wos 11 ti r71e rj substantially increased 
moisture in mariy sobt ropical sand seas. 
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Intccvrcting the Hock Record of Ancient Acolian Sundstones 

desert snnd seas are dynamic scdimentur·y bodies 
that nccumulate in response to regiona l vnriations in sand 
trnnsport rates. l{ elatively little is, howeve r, known of the 
vertical sequence of deposits in most modern sand seas, nnd 
there IHC only general indicati ons us to how they have 
nccumulntcd. 

lnformntion on spatial variations in dune t ype and the 
umount of sand accumulation derived from studies of dune 
morphology cnn be used to develop new fucics models for 
wind-borne deposits, us Porter ( 1986) has shown. The basal 
deposits of many ncolinn sundstoncs 11rc tho se of the leading 
edge of the sund sea. They arc churucterizcd by the intcr-
t ongui ng of ocolion dcposi ts with those of the adjacent 
dcpositional enviro nm en t (e.g . murine, fluvi nl) us the sand 
st'll t•xpnnds or rnigrutcs downwind. The deposi t s of the 
ccntrn l pnrts of the ere: ure represen t ed by thick sequences 
of compound cross-struta deposited by the slow mi;;ration of 
ln![.;e compound nnd comp lex dunes, with occusional lenses 
ot' fin c-gTn irwd or cnrbonntc intcrdunc dc>posits. The upper-
most deposits in the sequence arc those of the upwind or 
trniling edge of the S11 11d sen nnd mny consist of thin, often 
eoarsc--gmincd ucolinn deposits, intcrstrntificd with those o f 
the upwind dcpositionnl envi ro n-m ent. Such models cun be 
tested against the rock re cord nnd improved by studies o f 
modern sand scns. 

Exnminntion of tile rec ord of cl imnti c chnngcs prcscrvf'd in 
the deposits of modern sand sells suggests ttwt periods of 
dune form11tion lllHY have been intcrrurtecl by long pcriocls 
of stnbility, which may also include depositi on of intcrclune 
lncustr inc deposits. For cxnmp l c, within the p11s l 40,000 
y enrs, uctive dune fornwtion in nwny sund scus uppcurs to 
hnve been restricted to the interval between about 20,000 
nnd 12,000 yUP, and to the lnt c lloloccne (ns much us one 
third of this period). This obscrvution htlS considcruble 
sig nificance for intcrpretutions of the rock record of ucolian 
snn<lstoncs, some of which like the Permiun J{ otlicgcndes 
sandstone of northwestern Europe nlso accumulated ut n 
time of high-latitude glacial condit ions (Glcnnie, in 
llrookficld and t\hlbrnndt, 1983) . 

The recent recognition of extensive regional-scale supe r-
bounding su rfuces (discont inui ties) bel we en sets of cross-
stmlu in u number of nncicnt aeoliun sandstoncs in the 
western U.S.i\. (e.g . l'eterson and Pipiringos, 1979; l:llakey 
and in Urookficld und Ahlbrandt, 1983; Driese 
nnd Dott, 1984; Loopc, 1985) implies that these thick 
aeoliun sandstones accumulntcd not as a single l ong-lived 
sHnd body, but as u series of ge net ically independent sa nd 
seas of relatively short duration sepa rat ed by long hiatuses 
when the dunes were portly or comple tely planed off (Loope, 
ibid; Tulbot, 1985; 1\ocurck , 1986). This may have been the 
result of chnngcs in climate, sea level or tectonic setting, or 
the mig-ration of the sand sea ns a body (1\ocurek, ibid). It is 
probnble that the sedimentary record of modern desert sand 
seas reflects a similn r pnttcrn of episodic development, with 
Quaternary climatic changes being a major influence on the 
rule and nature of sand sea accumulation. 

Conclusions 

Studies of the dynamics and history o f modern aeolian sand 
seas cnn help us to bette r understand the Quaternary history 
of desert regi ons. They can also assist in the interpretation 
of features o f ancient aeolian sandstones, such as the 
formation of super-bounding surfaces and their significance 
in basin evolution. 

Detai l ed investigations of modern sand seas are not easy to 
accomplish, for on a scale similar to those represented by 
the Jurassic Sllndstones of the western U.S.A., these areas 
cover hundreds of square k i lometres in exceedingly inhos-
pitable desert terrain. Basic information on wind regimes 
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here is often unuvailnblc, 111/lkint: it <llfficult to corrt•lute 
dune t ypes with wind reg-imes, und to understun<l dune nnd 
sand scn dynnmics. 

Establishi ng the Quatcrnnry history of mnny s11nd s<'lls is 
nlso hampered by the poor prcscrl'alion of pulucosols and 
Iacustrine deposits, and by the ubscnce of clear slrllti-
graphic relat io nships between dune and intcrdune depos it s. 
Dating of urid ep isodes is most often achieved by brackcting ,9 
them between periods of wetter conditions for which 
radiocarbon detcrminations are available. Thermolurnincs-
ccnce techniques offer great promise for duling dunes, but 
urc still in nn enrly stage in their development. 

Advances in o ur understanding of the development of desert 
Sllnd seas ure most likely to come us 11 result of combining 
regional-scale studies usi ng remote sensing techniques with 
detailed studies of selected 111'('/ls. 1\'c need to focus our 
attention on t he clynnrn i cs 11nd processes involved in sHnd sea 
formation and uceumulution, nnd to deve lop techniques thul 
will ennble us to document them rcliubly. 

_. .... .--._,.,., . 
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Figure 9: Interdune carbonate deposits in the 
northern part of the Namib Sand Sea . The deposits 
are about 1 m thick and lie between, and partly 
beneath, 100 m high linear dunes. 
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G loba l Standar ds in St ratigraphy 

[AI{ TH SC I[NTISTS mus t con tend with r <lpi d ly 
a dv<m c ing know lecJcje ilnd an e ve r - q ro winq info r rn CJ li o n 
hasr> . 1 hey rnusl al so keep pace with il be wi ldering 
d ivt'rs il y o f o rgiln iza l ions a n d a wid e arr<Jy o f 

sem in;lrs ;1 n d worksho ps . 

EPISODE S he irs so lv e these prob le llls by cove ri ng llo th 
sc ien t if ic and organizat iona l n e ws. Fe<J ture arl ic les -
cont ri but ed by le ading geosc ient is t s fro m all parts of 
t h e wo r ld - re v ie w de ve lopments at t he f ront ie r s o f the 
ea r lh sc ienc es. 

EVE!'<. Y issue inc ludes reporl s on ne w de ve lopments in 
int erna ti ona l ea rth sc ience . O the r s t anda rd fealur es 
(e .g . book re vi e ws, tra ini ng cou rses, c o rn ing even ts) 
ernph:1s ize t he resource aspect o f the ne wsmagazine . 

IF you are inte rested in w h a t is go ing on g lobal ly in the 
geosc iences, you shou ld be r ead ing Episode s o n a 

r egul a r bas is. 

Fore cas ting Vol c a nic Er upti ons 

The Ko la Super-Deep D ri ll Ho le 
Chinese Loess & Paleoc lim a t es 

Precambri a n Pa le os ols 
The O ri g in o f Tethys 
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