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Basaltic pillars in collapsed incl ined o r  slightly curved: others get narrower towards the 
base. The pillars are almost total ly aphyric and have the same 

~ ~ V ~ - P O O ~ S  on the deep ocean fl00r bu lk  composit ion as other lava types recnvered in the  axial zone 
o f  the  East Pacific Rise at 21' N (ref. 5). 
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- Observations of  peculiar vulcanic objects. made hy a sub- 
mersible o n  the deep e a  Hoor at a depth of  about 2.600 m a i  and 
near the axis of  the East Pacitic Rise dur ing the CYAMEZi ;  
expedit ion as part  n f  the R l T A  Prnjecti are presented here. T w o  
basic type6 of f low forms were observed wi th in the crertal area of 
the East Pacitic Rise: p i l low Hnws and Huid laras. the latter 
sometimes over l \ ing  massive Hnw.. The East Pacitic Rihe ai 
21 N comprises an axial. unfaulted extrusion rone hordered h) 
an extension zone chararterised by faultinp2.-'. P i l l on  Hows 
itccupv the innermost o r  extrusion zone and constitute small 
eloneated volcanic h i r h s l ~ l u i d  Iavas tend to  occur a i  the edee of  

7 . . 
the adjacent extension zone i n  bathymetric lows control led h! 
normal faults o r  steep pr imary slopes of constructional highs. I n  
the 50 X 200 nt Iows which horder the extrusion tone the Huid 
lava is smuoth and lohate surface* which represent the upper 
wr face of the How are lorully collrpbed and rereal  the interna1 
%tructure o f  the f lu id lavas. Where the roof  collapse is exteniire. 
layered culumnar features are visible and tolcanic layering cnn 
be reen against the Hank of  the hordering volcanic highs ( F i g i  
1-31. Siini lar features have been reported trcim the Grlapago* 
~ i f t ~ .  The diameter of  the approximatel) c\ l indrical p i l la r i  
ranges f r om 0.5 t u  2 m. Some p i l la r i  are made of  mul t ip le 
coalescent rylinders. The tops ot the pillars are plasy.  funnel- 
shaped and alwavs widening upnards. The pillars were 
presumed to  he hol low f r om several ol)servationi ot gashes or 
openings i n  the vertical walls o f  the pillars. This nas  demon- 
strated durinp dive Cl '  78-19 to  the south where a small pi l lar 
was toppled h? C I ' A N A  and subsequent examination revealed 
a circular canal alonp the axis of  the pillar. The outer wr face of 
the pillars is marked by centimetre-thick glassy. subhorizontal 
Iedges extending several rentimetres f rom the outer ter t ical  
surface of the pillars (Fie\ 2-4). The ledge\ art. spac~ud eter! 
2-5 cm and show small lava stalactite* hanging o n  the under- 
r ide  of  the ledges. Examinat ion of large layered fragments of  
pillars recovered by CY ANA demonstrated that the iaverinp is 
only a surface feature as i t  does n u i  extend through the hasaltic 
mais of  the pillars. The apparent Iaçering i$ due to  ylasi ledgei 
adherinp t o  a vertical basaltic pipe. I n  rume rare initance* the 
pil lar outer surface showed n u  Iedpe* and instead a m o o t h  
surface rorrugated w i th  vertical groovei. Some pi l larr  are 

1 . i ~ .  2 L)erail of a pillar showing the centimetric pseudo lavering. 
with thin and darker salient glass layers projectinpfrorn the hasaltic 

surface of the pillar. 

The pillars occur i n  forest-like arrangement (Fip. 31. Thcir  
spacing ranges f rom 0 . 5  to  3 m and sometimcs they çoal c. 
building walls. especially near the edges of  the depressions. 
Howcver.  the pillars are not contined to  the edpes. The  Hanks o f  
the lows show large segments o f  undisrupted glass ledges anii lo- 
gous ro  those ohserved o n  the pil lar surfaces. I n  one case i d i t c  
(') 78-19, where the Huid Rows partial ly tilled a grahen. the 
l a i e r cd  lateral margin could he seen to  represent a chillcd. 
5 -  I il cm-thick wal l  plated against the truncaied p i l low hasaltc ot 
the normal fault scarp. The chil led margin was partiail' 
detached f rom the scarp surface. 

Non-collapsed plassy upper surfaces o f  Huid lavas surround- 
ing the tields of  pi l larsshow that i n  the depressions, the thickness 
01 the Iohate Huid lava roof is ahout I O r m .  The hi>ri7ont;il 
dimension of  the lohes is of the same order as the pi l lar  \paçing 
;riid pillars p ro \ ide  roof support a i  the junction hetwecii 
adjacent lohes. The peometrv o f  the lohate roo f  lunction is 
;inalogous to  that of  the funnel-shaped pil lar tops. Pieces o f  thc 
lobait. roof are cornmonly preserved around the l lu id la t i i  
depressions and also where thcy fo rm hridges hetwecn adiaccnt 
pi l lar\. I n  most cases the lava poo l  appeiirz to  he concave upwarcl 
wi th a slight (a few rnetrrs) depression i n  the middlc o f  ihc poo l  
w i th  respect t o  the edges. 

The seaHoor around the pillars is strcwn hy  ruhhlc made up of  
n i l lar  fraaments and roof slahs. A decn l i  incised r i l k - I i ke  r 

cxnyon was ohserved ncar the axis of  the Huid-lava depre\\ i<i i i .  
These observations lead us to  the fol lowing intcrpret;itioii\ 

( F i p  5 and h t :  
i I The tluid lavas hl1 a preexisting dcpres\ion either control lcd 
h \  tault ing o r  hv adjacent constructional hiph\. This 14 p r o \ c d  h) 
inspection o f  the lateral contact and h y  thc c.ontrast i n   lot;^ 
Ircshriesa hetween the till and the adjaccnt p i l low\.  The 
remarkahle Huidity of  the lavas cannot he ascrihcd to  cheniical 
clifterences o r  IO temperature o f  extrusion. I t  prohahlq rcttr.ct\ 
the larpe \»lume of  outpouring which could i n  tu rn  he a lunct io i i  
o f  a \ c r y  high spreading rate over a short t ime spaii. 
( 2  I I hc \eawatcr which is trapped i n  the crust und r r  thc Huid 
la\;i poti l  is hcated and expands (hy a factor ol 2 0  tor  :i 

temptrature of  800 "C at a depth of  2.hOO in isee ref .  hl. forcing 
ita w:i\ up  through the molten lava i n  a seriesof vertical conduit\ 
t J .  Xloore, personal communication) (Fip. 5 ) .  The wall\ o f  the 
ci>nduit\ uill he quenched a i  the houndary hetwt.cn the ri* i i ip 
watcr and the hi i l ter  magma. The conduit wiill, wi l l  p rou  
outward f rom the inner glassy walls of  the conduits w i th  timc.. 

Fil.  1 Cieneral landscape: pillars wiihin coliap\cd la\a pond. This explains the hol low pillars found hy CYAKA.  A simil;ir 
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Fig. 3 1.at.a pool after roof collap\e showing hasaltic pillars at the 
iwiiindar\ of the unfractured extrusion /one con the righti. The 

pillars are ahout 10-15 m high. 

cxplanation has heen put forward by Fuller7 and  W a t e r s 9 0  
account for the existence of vertical cavities <spiraclesi that cut 
niassive la \a  on the Columbia River Plateau. These authors  
proposed thai water  vapour and o ther  gases surge upward into 
liquid lav;i that c»\.crs rnarshy ground. 

temporary liquid magma pools which can fiIl topographic lows 
and  smoth the ridge topography, and  of the rhythmic nature 
and rapidity of the magma pool withdrawal. When drain-off is 
prevented o r  when it proceeds too  slowly, massive lavas a re  
created. 

Fip. 4 1)ct;iiI of h;isaliic pillnr and ot edge ot iiiocm;i pool. 1 1 .  

1'ill;ir ;itt;ichctl 111 the edge oi the pool ;rnd cnpped hysmoiith lohatr 
tluid i.r\:i 11. I'illar: funnel-5hapi.d wideniiiv upwards Pillar Cros\- 
wction shouing. c. la\a coolinri lede5 on ouier marpin: il. massiir 

I:i\a invde pillar wall: 1,. holliiw L.onduit insidc pillar. 

i.? RcFore anv exteiisive crvstallisation takes place. the lava 
pool 15 draincd rapidlv in aucce\sivc stages (Fip. 6 ) .  This leaves 
'h;ith-tub' rings around the 'cold walls' present in the depres-  
\ion. This includes the pillars and the edees of the  pool. This 
;iccounts for the apparent  layering shown by the pilla; samples. 
Thc rille-like canyon seen on  the Hoor of the pool may be adra in  
parh. Finally down-drag of either the roof o r  the ou te r  rigid 
carapace of the pillars can scrapz vertical grooves on  the still 
plastic interior and explain the smooth corrugared ou te r  surfaces 
ot borne pillars. A similar rnechanism has been proposed by 
\loor-t and Richterv to explain the vertical striations on  the 
4urtact 01 Hawa'ian tree moulds. 
( 4 1  Scilidification of the fluid l a t a  against the cold wall at the 
hottom ofrhe pool would help to maintain pillars in position after 
coll;ipsc of the roof. 

T h u s  tall. near vertical and hollou pillars with rings of glassy 
iedyes are found in dense arranpemrnt  within fossil poolsof fluid 
l,~\;i.  The! arc interpreted as the fossil witiiesses of both 

Fip. 5 Kccoristruction 01 magma pool before thr draining of latas 
.III,I rooi colidp\e. The arrows at the pool wriace reprrsrnt escape 

(11 water 

Fie. 6 lnferred evolution of magma pool showing hicton 111 

pillars and cooling ledpes at se\eralEtagt.s isee teut). a. Initial ~1;igi. 
of tilling of the depression; h. heginning oi lava pool withdraual 
with concomitant roof collapse. c. hnal stage of roof rollap\c 

showing isolated pillars standing among coarsc ruhhle. 

T h e  Huidity of the l a \a  can he explained il there is rüpid 
emplacement of a large volume of lava resulting in slow cociliiig 
of the bulk of the lava pool. T h e  large volume of oiitpouring may 
be d u e  t o  a high 'instantaneous' spreading rate coricomitant with 
a high ascent rate of the lava. 

T h e  otiservations at 21" ru' show that the size of lava pools 
increases southward along the ;ixis and thus that the Huid lava 
regime in the south is predominant over  the pillow laka regimr. 
This suggests that instantaneous rates of spreading ma! hc 
variahle alonp the strike of the rnid-ocran ridge. 
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