
SECTION 1 (and 3)  

SUBMARINE RIFT ERUPTIONS 
ANJ> 'OCEANIC 

ISLAND ACTIVITY 

Prd. H.-U. SCHMINCKE 
University of Bochum 
Germany (Fed. Rep.) 

 





MOTION OF THE PLATES AS FUNCTION 
O F  THE LOWQ ZONES BENEATH 

SPREADING CENTERS 

by 

J. A. CANAS 
Department of Earth & Atmos. Sci. 

Saint Louis University, 
St. Louis. MO 63156 

ABSTRACT 

Fundamental-mode Rayleigh waves generated by several 
earthquakes situated along great-circle paths between pairs 
d seismograph stations on bhe Ammican and Eumgean coastal 
regions and on Atlantic islands have been analyzed to obtain 
andastic atbenuation. coefficients. Inversion of the attenuation 
data yield a model for the Mid-Atlantic Ridge. 

The mean results obtained in this study are : (1) A strong 
low-Q zone is situated in the upper mantle beneath the bottom 
d the lithosphere (2) the bottom of the Asthenosphere is situated 
at a depth of around 250 km. 

Cornparism of the above results with earlier studiw in the 
Pacific Ocean suggest that the velocity of plate motion is 
slower when attenuation coefficients and internal friction values 
are smaller and vice versa. 

(17zis paper was no$ read at the Sgntposium) 





SCALES O F  RECENT 
SUBMARINE VOLCANISM 

by 
G. P. AVDEIKO 

Institute of Volcanology, 
Petropavlovsk-Kamehatsky, USSR 

ABSTRACT 

Subbmarine vldcanic activity is confined to (1) rift zones 
of mid-men ridges cMOIR) and transform faults, (2) hot spots 
(HS) and be1b of hot spots (clhd lines B), (3) systems d island 
arcs (IA) and (4) rnmginal seas (MS). Volcanic activity may 
occur on the oceanic flanks of deep-sea trenches and marginal 
swells between &m&es and the mean floor. 

Rift zones d MCTR exhibit the deepsea fissure erupticms 
of lowipotassium oceanic bholeiites with some variations of 
mine~dogical and &mica1 compositicms. They produce pillow 
and ropy flows, volcanic cones generally being not formed. &>a/ ,?L, c .-, 
As a result d these eruptions, more than 1 x 10 t of lava , r ,  ,: .. . _; &,, 
per year pour out on bhe olcean floor. 1 

d- 5 * :-,/ 2 
HS volcanoes pass thrmmgh the submarhe and insular stages Q----n 

, ,. 
of their development. During the submarine stage outpourings , :! ' -. " C  - c A ->? 

of tholeiites occur which differ from oceanic tholeiites in high 
content of TiO,, K,O, P,O, and some other characteristics. 



They form shield volcanoes rising from dqths  of 4 to 6 km. 
Rocks d alkalic and nepheline series constituting commonly 
not more than 1-2 % pour out at  the final stages. However, 
for the HS belts alkalic basalts are mlore characteristic. HS 
volcanoes supply to the surface about 1 x 10gk of volcanic 
material per year, more than 909% appearing as  lava. 

IA submarine volcanoes are close in composition of erupted 
products to terrestrial vollcanws. They are composed d rmks 
of calc-alkalic series from basalts to dacites. Lava oubpowings 
are characteristic of submarine volcanoes whose tops are located 
deeper than the first hundreds of meters. Explosive eruptions 
are indicative of shallow-sea volcanoes whose tops appear 
periodically above sea leveI. A c d g  to approximate esti- 
mates, the a output >> of IA subanarine volcanoes is 1-1.5 x 109t/yr. 
Terrestrial volcano~es, according to calculations made by E. K. 
Markhinin, supply about 3 x 10% of volcanic material per year. 

Fissure oubpourings d basalt5 differing in composition 
from other tyipes d submarine basalts are characteristic d MS. 
The total amount d MS volcanites does not exceed 0.5 - 1 x 
10% d lava per year. 

The tokal << oubput , d all the Recent submarine volczmoes 
is more than 1.3 x lOl0t of vdcanic material per year, that 
is four times greater the a output, of terrestrial volcanoes of 
IA and inner park of continents. 

(This paw was not read at the Sgmposium) 



MAGNETIC PROPERTIES 
O F  SOME THOLEIITIC BASALTS 

DREDGED FROM THE GULF 
O F  CALIFORNIA, MEXICO 

by 
J. URRUTIA-FUCUGAUCHI 

School of Physics. 
The University, Newcastle LIPOII TyllR 

NE1 78U Great Britain 

ABSTRACT 

'Ilhis study is b a d  on dredged samples coll&erl from 
the mubh of the Gulf of California, a young opening oceanic 
basin. The samples are distributed between the East Pacific 
Rise c ~ e s t  and the Baja California continental slope. Ages are 
assigned on thek position relative to magnetic anmalies and 
bathmetric profiles. Results from (1) nondestructive measu- 
rements, e.g. NRM intensity and direction, initial susceptibility, 
ma~gnetic anisotropy and viscosity effects ; (2) semidestructive 
measurements, e.g. ARM acquisition and AF demagnetization 
of NRiNl and ARM ; and (3) destructive measurements, e.g. 
viscous-partial TRM acquisition, are presented. Geouhemical 
results of major and trace demenks, indudkg REE, are also 
presented. The samples &ow increasing alteration effects and 
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enriohment d light-REE with distance away from the rise 
crest. Among the results we may mention: (1) the intensity 
pattern does nolt conform that usually expected for profiles 
normal to spreading centers ; (2) low-temperature weathering 
is of co~sidmable importance, and its effects corrdate weIl 
with time ; (3) viscous effects at  high temperatures (up to 
200-300" C) are important in cmtrolhg the inteasity pattern ; 
and (4) magnetic anisotropy may constitute an alternative 
feature for detecrmhing orientation of dredged basalts. 

(This paper was not read at the Symposium) 



OBSERVED GROUND DEFORMATION 
DURING THE KRAFLA ERUPTION 

O F  MARCH 16, 1980 

by 
EYSTEINN TRYGGVASON 

Nordic Volcanological Institute 
University of Iceland 

ABSTRACT 

The Krafla vdcano has been monitored with continuously 
recording tiltmeters and seismometers and frequent geodetic 
measurements since 6he beginning d the present qhodle of 
activity in 1975. The inflationdeflation sequence d the volcano 
showed striking regularity in 1977 and 1978 but it became more 
erratic in late 1979 with slow inflation interrupted by small 
deflations. 

The eruption d March 16, 1980 was prweeded by rapid 
deflation which started at 15:15 (G1Vrr) and intense vdcanic 
tremor starbed s imu lhws ly .  The subsidence b e w e  very 
rapid at  about 16:00, about three times more rapid than had been 
seen in any previous subsidence event. The eruption was 
first seen at atbout 16:20, but it may have started 10 to 20 
minutes earlier. It lasted until about 22h that same night. The 
deflation of the volcano ceased at abouk 03h next morning, 



March 17, and a new bflation started within a few hours. 
Tilt observations indicate that roughly 30 x lo6 mS of magma 
left the Krafla magma chamber, but only sane 10 '30 of this 
came to the surface as very fluid b a d i c  lava. New fissures 
extended through the Krafla volcano wer a distance d about 
21 km and the widening d the fissure zone was about 1.5m. 

INTRODUCTION 

A perid d volcanic and tectmic activity started in 1975 
in NoTtih Icdand, and the center of activity is located in the 
Krdla Centrd Volcano and the associated fissure swarm 
(Bjornsson et al. 1977). This aotivity has been oharacterizd 
by alternating inflations and deflations d the volcano, and 
episodic widenings d the fissure s w m  (Fig. 1). The inflation 
of the volcano progresses at a rate d 0.5 to 1.0cm per day 
for one to seven months between deflzutions, which last from 

Figure 1 -North component of tilt at the Krafla power station. Before 
August 20, 1976 (dotted cum), no til:tmeter was operated, but 
several levelings give the approximate tilt values. Filled 
circles give the times of volcanic eruptions. 
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a few hours to 20 days. The rate of deflation varies greatly 
from me deflation went to another (Bjornssm et al. 1979, 
Tryggvason 1980). Widening of the fissure swarm associated 
with opening of new and old fissures, vertical fault displace- 
ments, earthquake swarans in the fissure swarm, and sometimes 
outpouring of basaltic lava, occurs only during deflations d 
the Krafla volcano. Only a fraction d the fissure swarm 
widens during each deflation event, often about 20 km section, 
but the part of the fissure swam which has widened during 
the sequence d events since 1975 extends fr'om Axarfjordur in 
the norbh to the southern part of the M@atn area in the south, 
or over an 80 km distance. The southernmost part of the fissure 
swarm has not been affected by the present activity as yet 
(Bjornsson et al. 1979). 

After bhe deflation went d May 13 to 18, 1979 (Tryggvason 
1980) inflation pso~ceeded at the usual rate, and in mid October 
1979 the Krsllfda volcano had reached the same stage of inflation 
as immediately before the May deflation. The inflation rate in 
Octob'er and November 1979 was rather slow or only 1.0 to 
1.5 mm per day, and in early December 1979 a small deflation 
of about 4.5 cm occurred and another small deflation of 10 
to 12 cm oocurred in early February 1980. The rate of inflation 
remained rather slow between these minideflations and also 
after the February 1980 deflation, and in mid JUhch fhe ground 
surface in the central part d the Krdla volcano was about 
12 )can higher than immediately before the May 1979 deflation. 

On March 16, at about 15h 15m, rapid deflation of the Krafla 
volcano started. me maximum rate of deflation d about 50 cm 
p a  hour occurred at 16h30m. This was faster deflation rate 
than in any previous deflation event. The deflation stopped at 
about 03h on March 17. The total deflation amounted to about 
61 cm according to tiltmeters in the Krafla power house, using 
the average relation between tilt stage and land elevation. 
As fissures opened near the power station during this deflation, 
the relation between tilt and land elevation may have deviated 



ARQUIP1LAGO - CIENCIAS DA NATUREU 

somewhat from the average relation, making botb total deflation 
and maximum rate of deflation somewhat in doubt. 

At about Xh 20m, one how d t e r  the deflation started, a 
volcanic f isure orpeaed about one km north of the center of 
the Krdla volcano and basaltic lava poured out. This rift 
p~opagated northwards during the next 30 mbutes and the 
volcanic fissure reached about 4 km in length. The eruption 
laskd only some 6 hours during which t h e  an estimated 
amount of 3 million cubic metms d lava was formed. 

Inflation of trhe Krslrfla volcano started in the morning d 
March 17, and the rate of inflation was very high during tbe 
foll0win.g days, or a b u t  2 wn per day. 

,The subsidence event d Ma* 16-17, 1980 differs from all 
previous subsidence wenits in the Krafla volcano as the maxi- 
mum rate of subsidence was a b u t  three times higher than had 
been orbserved b d m .  The highest rate d deflation previously 
observed was on September 8, 1977, about 16.5 cn per hour 
and about 15.5 ~m lper hour on April 27, 1977. In ail other 
subsidence events the maximum rate of defiation was observed 
as 5 ~m per hour or less (Trymason 1980). 

Two subsidence events have occurred since Mar& 1980 
until the writing of this paper in December 1980. Both events 
were accompanied by outpouring of basaltic lava in much 
greater quantity than in previous eruptions during the present 
sequence of events in the Krafla area. 

OBSERVED TILT 

Ther'e were 4 recording tiltmeters in the &&la area during 
bhe deflation event of March 16-17, 1980, in addition to me  
water tube tiltmeter where daily readings were made. Further- 
more, 11 < dry tilt >> stations were occupied about three months 
before the event and about two months after the event. These 
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stations can rarely be o~ocuipied during winters because d 
snow cwer. All these stations, with spossbly one exception, 
showed clear indication d tilt during the deflation event. 

At five d tihe <dry tilt, stations, whkh are lolcated within 
7 km from the center of deflation, good oomdation is found 
between their tilt, and that of the water tube tiltaneter in the 
Krafla power house. This sorrelation is used to estimate the 
tilt stage immediately bdore and after the event. At the remain- 
ing six << dry tilt, stations no or very poor co~relation is foun~d 
wibh tihe waiter tube tiltmeter, and the aobs~erved tilt between 
the last obsemation M o r e  the event and the first o~kervatim 
after the event Is taken as the tilt (during the event. Errors 
in the event tilt due to this assumption are considerable or 
roughly 10 prad as judged from &er olbswvatiom a t  the 
same stations. 

Fig. 2 shows the blcation and the olbsw~ed tilt at  all the 
tilt stations in tihe f i a t l a  area during the deflation event d 
March 16-17, 1980. Tilt at stations less than 5 krn away from 
the center of subsidence is primarily caused by the nearly 
circular subsidence h l ,  while stations farther away are 
affected by deformation along the fissure swarm to tihe m t h  
d the center d subsidence. 

G R O r n '  SUBSrnrnCE AND VOLUME 
OF THE SUBSIIXNOE BOWL 

Two rndhds  are available to estimate the grlcrunld sub- 
sidence from olbse~vd tilt a t  the tilt stations. Une method 
uses bhe relation between observed no* component d tilt at 
the Krafla power station and land ~dwa t im determined by 
precise lweIing, and the relation between tilt art M$erent tilt 
stations. me other m&od us~es a deformation model and 
sleeks bhe best fit between olbsemrd tilt and theoretical tilt. 



SO' N 

Figure 2-Map of the Bafla area showing tilt stations with observed 
tilt during the subsidence'event of M a c h  16.17, 1m. BWS 
show diisplacemenb of me side of the rift zone relative to the 
other d m  this went. The center of deflation is shown with 
an o m  circle and the size of this circle hdicates the 
uxmrhinity d location of this center. ALZ geodimeZRlf lines 
whlch crwed the rift zone (stippled) or extended into it in 
EW &&on increased in length by more than 20 an during 
the event. 
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The four tilt stations, Krafla power station, Hlidardalur 
(53 on Fig. 2), Bjarghdll (102 on Fig. 2), and Hvannsh5d (178 
on Fig. 2), which always show mnsidemble tilt during bflation 
and deflation of Krafla, and are located at considerable distance 
from fiesures formed during the March 16-17, 1980 deflation 
event, are used to estimate the maximum subsidence by the 
first m d d .  The north component of tilt at the KTafla power 
station has been correlated with precise leveling, and me  
microradion d tilt corresponds to 3.4mm vertical movement 
in ~e center d hflation/deflation (Bjornssm et al. 1979). 
The tilt d 180 prad thus corresgmds to 61 tern subsidence. The 
tilt at the other stations indicate maximum subsidence of 43 
to 621cm, and the average value d maximum subrsidlence thus 
calculated is 55 can, with a standard enor d about 5 cm. 

A model of spherical body of increasing or decreasing 
pressure inside a ho~mogeneous elastic halfspace (Mogi 1958) 
has been compared with the tilt observations and a reasonable 
conformance is found. The best correlation between observed 
tilt and tihe model is obtained if the depth to the center d the 
spherical body is 2.9 4 0.1 km, the volume of bhe subsidence 
bowl 35 & 2 million m3, anld the maximum subsidence 65 + 5 cm. 

The discrepancy between the empirical value for maximum 
subsidence of 55 c 5 cm, and the theoretical value of 65 4 5 cm 
is not significant and bhe theoretical moldel s e a 3  not to 
deviate greatly from the actual condition. However, one obvious 
error in the model is the assumption d homogeneous elastic 
halfspace, while the geology d the Krafla area is rather 
chaotic, and increasing temperature and pressure with depth 
causes vertical gradient in tihe elastic properties. It is also 
very unlikely that bhe inflating and deflating boldy is spherical, 
and its diameter is probably large compared with its depth, 
but the tihemy accounts for a small body relative to its depth 
below the surfa~ce d the halfspace. 

The conclusion d this discussion is that the subsidence 
bowl formed during the March 16-17 deflation of the Krafla 
volcano had a maximum depth of 60 & 10 an, and its vdume 
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was prolbably between 30 and 40: million mS. The shape d the 
bowl can be roughly approximated by a theoretical model of 
decreasing pressure in a spherical body centered at 2.9 km 
dept. This is taken as indication d removal d material (magma) 
at  approximately this dqth.  The volume of material removed 
is prolhbly somewhat greater Ohan the volume d the subsid- 
ence bowl as tihe d'ecreased stress causes increase in volume. 
However, the stress change is not known, and the vohune of 
material removed from below the area of subsidence can besC 
be estimated as 30 to 40 million mS. Tilt in the Mpatn  area, 
7 to 13 km south of the center of deflation (Fig. 1) is mostly 
to~wards the Krafla fissure swarm, 20 to 40 micrmadians. This 
shows that the fissure swarm subsided to the south of the 
region where surface rifting was observed. One station, off 
the north coast of the lake Mwatn, shows tilt away from 
the fissure swarm. This may indicate uplift d the flanks 
of the fissure s$waran in the region where surface rifting 
mcurred, similar as observed during the subsidence events d 
April 1977 and January 1978 (Bjornsson et al. 1979, Sigurds- 
son 1980). 

HORIZONTAL DEFORNLATLON 

Distance measureernnts in the Krafla area have been 
made many times since early 1977, and an effort has, been 
made tot cover the area with measurements during every in- 
flation period. These measurements have .shown that inside 
the Krafla caldera the  distances between bench marks vary 
regularily with the stage of inflation, and each distance varies 
linearily with the observed tilt a t  the Krafla power station. 
This linear relation is broken only during deflation events w i ~  
rifting across the caldera. This allows us to estimate the length 
d each measured line immediately before and d t e r  the March 
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16 to 17, 1980 deflation weat, and to estimate further how much 
of the observed length difference is due t o  the detlation and 
how much is due to permanent deformation in form of rifting. 

A total d 79 lines were measured wibh a geodheter at  
times before and after the Mari& event which allowed estimate 
d the length change during tihe event. Of these, 41 had increased 
in length by more than Bcm.  All these 41 lines cross the rift 
zone shown on Fig. 2, or extend into this zme. No line which 
lies wholly outside the rift zone had increased in length by 
more than 10 lorn. 

M e r e  tiwo or mare lines crossed the rift m e  a t  different 
angles, the total displacement of m e  side of the zone relative 
to the &her can be determined. Six wch determinations of 
displacements across the rift zone are sholwn on Fig. 2. One 
line, about one km south of bhe southernmost sul& determi- 
nation, gave increase in length of 142 'an, but the exact direction 
of displacement was not obtained. 

,The direction d displacement is f a d  to be nearly per- 
pendicular to the rift zone. h the northern part of the area, 
this direction is 99 & 3 degrees and in +he southern mr;t; is is 
about 104 degrees. Thus a slight change in the direction of 
the rift zone is reflected in ~e direction of displacements. 

The north and soubh d s  of the zone were rifting olccurred 
during the March 1980 event were not determined with the 
geodirneter measurements, but open fissures were observed in 
the snow as far north and south as s h m  on FEg. 2. 

fig. 2 shows that the observed widening  if tihe rift zone 
during the March 16-17 deflatim event ranged between 123 and 
165 I-. The average widening d the rift m e  over the 13 km 
d l a t h ,  where it was measured is about 140  on, !@he length of 
the zone where surface rifting was seen is about 21 h, and it 
may be assumed that the widening was less towards the end 
of the rifted m e ,  than in the central part. If it is assumed 
thak the 8 km l e m h  of the fissured m e ,  *ch lays outside 
the region of distance measurements was widened 70 cm on the 
average, f i e  increase in area of the rift mne was 23800 m2. 
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The increase in area of khe Krafla fissure swarm during all 
rifting events since December 1975, is probably more than 
300000 m2 (Bjornswn et al. 1979). 

The volume of the subsidence bowl formed during the 
March 16-17 deflation event is estimated as 3040 x 106mS, 
and less bhan 10 per cent d that volume was erupted. Therefore, 
it is estimated that some 30 million cubic meters d magma 
were deposited in a dike of horizontal cross section similar to 
bhe areal increase d the rift zone of 23800 m2. This gives the 
average vertical extension d the dike about 1.3 b. 

CONCLUSION 

The subsidence went in the Krafla area, North Iceland, 
on March 16-17,1980, is one of 13 similar w a t s  since December 
1975 (Fig. 1) (Bjornsson et al. 1979, Einarssoa & Brandsddttir 
1980). Common features of all these subsidence events are 

1. Rapid subsidence d the KrafIa area, with center d 
subsidence about 1.5 km north or northwest of the 
Krafla geothermal power station. 

2. Rifting anid widening d a section of the Krafla fissure 
swarm. 

3. Swarm of earthquakes with epicenters in the area 
of rifting. 

4. Continuous tremor on local seismometers. 

In six of the subidence events, basaltic lava has reached 
the surface, but in only small amounts as  compared with the 
volume of the subsidence bowl, until in July and October 1980, 
when the volume of lava was similar to the volume d the 
subsidence bowl. 
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It is assumed that the subsidence in the Krafla area is 
caused by removal of magma from beneath that area, and 
depositing it in fissure or fissures in the elastic crust below 
the zone which developed surface rifting (Bjornsson et al. 1977). 
The areal increase d this zone is considered to reflect the 
horizontal cross selctional area of the dike or dikes formed and 
the average height of the dike is cdculated as 1.3 km by equat- 
ing the volume of the subsidence bowl and the volume of the 
dike. The depth to the tog of the dike is zero along the eruption 
fissure, but elsewhere the depbh of the dike can be roughly 
estimated as equal the width of the fissured zone (Tryggvason 
1980), ou about one wm. Thus the bottom of the dike should be 
at  somewhat less than 3 km depth. 

The National Energy Authority operates the water tube 
tiltmeter at the Krafla power station, which is the most im- 
pmtant single measurements made to monitior the tectonic 
events in the Krafla area. 
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SEISMIC ACTIVITY AND RIFTING 
IN THE KRAFLA FAULT SWARM 

IN NEcICELAND 

by 
BRYNDB BRANDSWTTIR 

and 
PALL EINARSSrn 

Science Institute, University d Iceland, 
Dunhaga 3, Reykjavik 

3he Krdla volcanol in the rift zone of NEIceland has been 
goling through a series d inflakion-ddation cycles since 1975. 
Magma accumulates beneath the volcano during slow inflation 
periods and is injected late~ally into the Krafla fault swarm 
during deflation events. Each ddlation went has a charalc- 
teristic pattern d seismic activity. It typically begins with 
continuous vdcanic tremor anid the branor amplitude is depen- 
dent on the rate of deflation. Earthquake ackivity increases 
shortly afterr the deflation starts and tihe qicentral area is 
soon extended from the caldera region, along the fault swarm 
ts the north, the slouth or both. The prlopagation speed of the 
seismic activity is highest in the beginning, but decreases with 
deareasing deflation rate and increasing length of the epicen- 



tjral zone. Typical speed is 0.5 m/s, but may reach values as 
high as 1.2 m/s. 

Although the hypocentral zones of the diffe~ent deflation 
events often overlap, bhhe largest earthquakes are located within 
a well defined, but each time different section of the fault 
swarm. The earthquakes occur in the uppermost 10 krm of the 
crust, but trhe depth range is different for different deflation 
wents. 

! h e  earthquake a~tivity culminates after the maximum of 
deflation rate and tremor amplitude is readeld, with earth- 
quakes typically reaching magnitude 4. Extensive f a d  move- 
ments and fissuring usually occur in the area d maximum 
earthquake alctivity. 

The seismo1ogicaI data strongly support a model where the 
present events are assumed to be the result d interaction 
bekween magma pressure undler the Krafla volcano and rifting 
of the plate boundary, The rifting is triggered by increasing 
magma pressure in the resmmir and a fluid filled extensional 
crack propagates laterally along the Krafla fault swarm. The 
driving force of this process is the tectonic stress at the plate 
boundary, but the mode of strain release is modified by the 
presence of fluid. 



WHY DO LONG RIFT ZONES DEVELOP 
BETTER IN HAWAIIAN VOLCANOES 

-A POSSIBLE ROLE O F  THICK 
OCEANIC SEDIMENTS 

by 
KAZUAKI NAKAMURA 

Earthquake Research Institute, University of Tokyo 
Bunky&ku, Tokyo 113. Japan 

ABSTRACT 

Rift zones are one d the characteristic features of Hawaiian 
volcanoes. They are long narrow zones of flank fissure e~uptions 
but are distinct from ordinary flank eruption sites on ppolygenetic 
volcanoes in that eruptions, and themfore dike intrusions, occur 
repeatedly at  the same general place for a long time and thus 
cause a considaable distance d horizontal spreading. This 
spreading huld somehow be accommodated and the direction 
of the minimum campressive stress should remain the same 
after accommodation in order for a new dike to intrude in the 
sane  mientation. 

The Krafla spreading events in Iceland between North 
American and European plates revealed bhat the process of 
the lithospheric spreading is similar to that observed for 
Hawaiian volcanic activities, including rift zone eruptions. 
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Accreting plate boundaries may be understood as consisting of 
chain d linear rift zones and their source pollygmetie centers 
where the magma supplied from the asthenosphere is tem- 
porarily stored. 

Horizontal spreading caused by repeated dike intrusions 
has been accomnodated in the ease d the acmeting plate 
boundaries by the lateral separation d lithosphere over astmo- 
siphwe. In the case of Hawaii sliding d the vdcanic edifice 
over deep sea sediments may be the analogous mechanism 
such as appears to1 have o~ocurred during the 1975 Kalapana 
eax%hquake whkh was anticipated by SWANSQN ek al. (1976) 
as one of the repeated events as the east rift zone has amti- 
nuoudy dilated. Lack of rift zones in otberwisle similar Gala- 
pagos shields which sit over tiha young ocean flow with higher 
relief is consistent wi* this view. 

Hawaiian rift zones are the channelways to bring the lava 
to the flanks of shield volcanoes. Accolrding to1 IMACDlONALD 
(1972), typically, there are three rift zones radiating from the 
summit wibh angles of about 120" between thm.  Usually, 
however, two of the rift zones are much more prominent 
than the Wrird (Fig. 1). The major rift zones range from one 
to f a r  ki.lolm&ers in width and contain hundreds of fissures 
that served as eruptive va t s .  Tlhese are  marked at the surface 
by open cracks, sgattw ramiparts, rows d spalker cones, 
collapse craters, and shields of Icelandic type (i.e. monogenetic). 
At depth, where they have been exposed by cutting of canyons 
into the older shields, the rifk zones are seen to consist of 
innmwabIe parallel thin dfkes. 

Some rift zones extend mope than a hundred kilometers 
from the summit. FU;RIUiNIOTo (1978) ersthted the depth of 
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the parallel dikes of the rift zone as  deep as 5 to 7 kilometers, 
who constructed a struchrzul m d e l  of Kilauea volcano on the 
basis of seismic velocity stru&ure (HILL, l W ) ,  Bougue~ gravity 
anomaly (KINOISJBTA et al., 1963) and some &her geophysical 
observations (FURTm/lO'IPO and KOVACH, 1979; BItOYLFT et 
al., 1979). 

Rift zones are one of the major characteristics I& Hawaiian 
shields. WITJ;LANIS and MCBI;R;N;EY (1979) classified poly- 
genetic shidd molcanoes hko Hawaiian and Galapagos types. 
Rift zones are not obse~ved in sunaller Galapagos shields, 
otherwise similar oceanic, basaltic shields volcanoes, nm in 
strabvoBcames (composite volcanoes), the o~l~~~ntonest  type of 
polpgmetic mlcano~es. 

This short paper is an abbreviated and modified version 
my previous paper in Jaganese CNAKAMURA, 1980). 

PROBLEMS 

The aggregate thickness of the parallel dikes composing 
a rift zone frequently attain the width of the order of a kilo- 
meter or mope (MACDONAD, 1956). TVle poem occupied by 
the width of the dikes should somehow have been accommodated 
without much mecthanical difficulty. What is the mechanism 
responsible for such an awo~mmcpdation under an intraplate 
situation ? 

The same gmblm may be addressad in terms of tihe 
stress field mar  the rift zone. Dikes tend to develop in the 
plane perpendicular bo a, (a, < a, ,< a,), or parallel to a, 
and a,. On the other hand, the magnitude of stress in the 
direction d the previous a, should increase due to the shorten- 
ing caused by dike intrusions. %en there should bie a certain 
mechanism to mabtain the same direction of U, after repeated 



dike intrusions, so that a new dike can intrude in the same 
orientation. What is such a mechanism for maintaining the 
same direction of o, ? 

Fig. 1 -Plan d a typical Hawaiian shield volcano showing ~e radiating 
rift zones, caldera and tangential faults. MACDONU, 1956. 
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PREVIOUS WORXS 

MACDONALD (1956) attributed the radial pattern of the 
rift zones to a magmatic force thrusting up the central portion 
d the volcanic edifices. He explained the tangential faulks 
(Fig. 1) by the same mechanism. Later studies revealed, 
however, that the volcanic edifices have subsided (HJLL,, 1969 ; 
ZABLOCKI et al., 1974) and is subsiding (MOORE, 1970), when 
the rift zone eruptions are vigorously going on. I t  may be 
conlcluded that the radial pattern certainly indicates the point 
slource meahanism which works principally as horizontally 
expanding forfce (OD*, 1957 ; NAKAMUR;A, 1977) rather than 
an upthrusting one. The horizontally expanding source may be 
able to explain the flank (fissure) eruptions but it does not 
explain the reason why the extensive diking repeated many 
times in a few particular diriectims is possible. 

FISKE and JACKSQN (1972) demonstrated 6he role d 
gravitational force in detemindng the orientation of the rift 
zones. They classified Hawaiian shields into two categories, 
the one grew over the relatively flat olcean floor (isolated type) 
and the olther grew on the flanks of the adjacent shield 
(buttressed type) (Fig. 2). In the case of the buttressed shields, 
they argue that radial dikes propagate in the direction per- 
pendicular to the maximum inclination of the underlying slopes. 
In the case of isolatred shields, FISKE and JACKSON (1972) 
maintain that the strike of repeated dike intrusions follow 
the cr& d the. initially formed ridges. 

Because FISKE and JACKSQN (1972) are concerned mainly 
with the plan view configuration of the rift zones, they did not 
explain how the aggregate thickness of the dikes is accom- 
modated and the stress field remains bhe same in orientation 
of the principal axes after repeated intrusions. 



Fig. 2 --Map showing the sautheactern part of the Hawaiian Archipelago. 
The 6 vulcanoes shown in the stippled pattern grew as isolated 
edifices. The 7 unstippled Volcanoes grew later and were buttres- 
sed by the earlier formed edifices. FBKl3 and JACKSON, 1972. 

WYS (1980) regarded the plan view partterm of Hawaiian 
rift zones as  essentially controlled by a p i n t  s w c e  of force, 
i.e. a hot spot, and thus radiating from individual vo lmcm 
in the same three directions wikb an angle of about 120". He 
also mgues against the interpretation by FISKE and JACKSON 
(1972) cithg the north~s~mtb direckion d the elongakim d 
hih i  seam~ount beat& 3 0 h  south d the island of Hawaii. 
L&i should elongated, according to1 WYS (1980) in a northeast- 
southwest direction parallel to the regional conntom lines, if 
F m  and JACKSON'S interl,r&tion holls. However, the 
length d the Em~g axis of hihi samount (ca 20 km) appears 
to be tolo short to, justify the argument of WYS. 
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It may be rather difficult to view the rose diagram of 
Hawaiian rift zones (Fig. 3) as radiating in three principal 
directions. Moreover, his argument fails to explain the lack of 
similar rift zones in other volcanoes of the hot spot origin, like 
Galapagos. 

Briefly, it seems to' me that the problem raised in this 
paper has not been conside~d seriously. 

Fig. 3 -Rose diagram showing 33 Hawaiian rift zones radiating from a 
single imaginary center. From FISKE and JACKSON, 1972. 
The dashed line is the strike of the Hawaiian island chain as 
drawn by WYSS, 1980. 

IMPLEATIOINS OF RECENT KRAFLA E W T  
IN ICELAND 

Currently occurring event at Krafla in Iceland &owed us 
detaileld pmesses of spreading and aocretion of the l i b -  
spheric plate (BJ6RINSSON et al., 1979). The process is essen- 
bially the same with the rift zone activity of Hawaiian volcanoes, 



bhat  is, the magma supplied nearly constantly (TRYGGVAWN, 
19180) frlom the deep source is temporarily stored in a shallow 
magma reservoir beneath the center of the Krafla caldera. 
(EINAREDN, 1978), one d the polygenetic vdcanic centers 
in the neovolcanic zone in Iceland, the accreting plate bloundary 
( W U , D l S S i O N ,  1978). The storage causes inflation of the 
caldena region (TRYGGVASON, 1980). Intermittent deflation 
events are iuss'ociated with edensive l a k d  diking from the 
reservoir into the axial zone d the plahe bo;undary (BRANDS- 
DO'ITIR and EXNARSSON, 1979; ELRSSON and BRAND- 
SDOITTIR, 1980 ; ,T;RYGIGV&3ON, 1980; LARSEIN d al., 1979), 
~esulting in the spreading and accretion of the European and 
North American plates. 

The Krafla event implies that the axis of the accreting 
plate boundmy, in general, consists d a series d polygmetic 
centers with shtallolw magma reservoir and linearly radiating 
rift zones (S11ElNIU;NDSlFOlN, 1978; BJORNSSON et al., 1979). 
Here the rooms for dike intrusions have been acmmmodated 
by the separation of the lithasphere <sliding >> over the askhen* 
sphere. Therefore, if there is an analogous mechanism in 
Hawaii, i,t will be an ansyer to our plrablm. 

THE 1975 KALAPANA EARTEQUAKE 

The 1975 Kalapana earthquake (Ms : 7.1) occurred at the 
southeast coast d the island of Hawaii and was studied by 
ANDO (1979) and FURUMOTO and KOVAH (1979). The fault 
paramahem given by these authors are generally similar. In 
Fig. 4, the two possible fault planes by ANDO (1979) are given. 
Aooding to these authors, a significant plortion of the Kilauea's 
south flank slid sod-southeastward by several metem over 
a nearly horizontal fault pllans, with the depth 7 to 10 km. 
This depth ooinioide with the upper surface of the oceanic 
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crust underlying the volcanic edifice (HILL, 1969). Therefore, 
the sliding which caused the Kalapana ar&quake may have 
occurred in the oceanic sediment layer beneath the volcanic 
edifice (FURUMOTO and KOIVACH, 1979 ; ANDO, 1979). 

Fig. 4 -Simplified map showing the location of east and southwest 
rift zones. Koae and Hilina fault systems of Kilauea volcano 
and the nearly horizontal two possible I975 fault planes (squares). 
After ANDO (1979). 

Moreover, the 1975 Kalapana earthquake had been ankici- 
pated by SWMSCIN et al. (1976) as one d the rqeated steps 
to accommodate the south-southeast contraction of the Hilina 
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fault zone, which, in turn, had been associated with the south- 
southeast dilation of the east rift zone and the Koae f a d  system. 

After the Kalapana earthquake, the aativity of Kilauea vol- 
cano appearsc to be charadmized by more frequent intrusive 
events without surface eruptions, similar to the s~tate of the 
volcano in the earlier half of this century (SWANSON et al., 
1976) which followed the previous Kalapana type earthquake in 
1868 (ANDO, 1979). These observations also support the inter- 
pretation by SWANSON et al. (1976) and AND0 (1979) that the 
1975 Kalapana earthquake was one step d repeated process to 
accommoIdate the long continued rift zone dilation. 

Thus, the case which has enabled to accommodate the room 
for repeated dike intrusion into rift zones may be found in the 
existence of thick enough oceanic sediment beneath the volcanic 
edifice (NAKAMURA, 1980). The sudden loading of volcanic 
material wm the sediment may produce anomalously high 
pore pressure which reduces the fnickional resistance for the 
ove~lying body to slide easily. 

DISCUSSION 

The thickness of the oceanic sediments beneath the Haw- 
aiian vol~canoes may be estimated from the age d the crust 
at the time of the initiation 04 the volcanism at  the site and 
frlm the average rate of accumulation of sediments. Age of 
the crust in the abwe sense may be 80 Ma or more in Hawaii 
(PITMAN et al., 1974). Avwage rate of accumulation over 
the must of present Hawaiian region is estimated at several 
to 10 mm/ka (LISITZIN, 1972). Then the thickness of sediment 
layers may be calculated as several hundred meters. Observed 
thicknesses of sediments are 580 rn at DSDP Site 313, 1600 km 
west d Hawaii (THE SHIPBOARD SCIENTIFIC PARTY, 1975) 
and 280rn at Site 163, 1200 km southeast of Hawaii (VAN 
ANDEL et al., 1976). 
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In the equatorial Galapagos region, accumulation rate 
attains 35-50 m/Ma (LONSDALE and KLITGORD, 1978). .Age 
of the oceanic crust underlying Galapagos volcanoes is estimat- 
ed to range one to eight Ma (HEY, 1977). Age d the volcanoes 
is a few NLa m younger (COX and DALRYMPL;E, 1966). 
Therefore, the peniod of deep sea sedimentation bdore the 
iniitia;tion of the volcanic activity may be a few to 5 Ma a t  
most. Thus, the sedim'ents may be well bmelow 250 n in thickness 
in Galapagos region, less than one half 018 that of Hawaii. 

In addition to the thinner sdirnenk layer in Galapagos, 
basement topography appears to be unfavorable in Galapagos 
to form an exrtensive sliding plane in the sediments. When 
&smd near the triple poink between Pacific, Cow and 
Nazca plates, the portion of the plates that was formed a t  
the Nazca-Curcos (Galapagos) spreading center is much richw 
in fmpograghic relief than the Pacific plate (HEY et dl., 197'7). 
Norihmsk d the Galapagos islands, the ocean floor is cut by 
clmdy spaced faults with the scarp 10 to 280 m in height 
averaging 50 n (KLTTGORD and MUDIE, 1974). 

%e comparison of sediment thickness and basement topo- 
graphy also sumo&. the present hypothesis thak the existence 
of thick enough sediment layer plays an implolrtalyt r o b  in the 
f~omation of long rift mes of Hawaiian vollcan(he6. If this 
hypokhesis holds in general, it may be expected that rift 
maes are expel&& 60 dwelap better in Oceanic vollcanoles 
f o r d  on OM~T crust. than #me formed on younger crust near 
the spreading centew 
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Hawaiian rifk zmes may have developed under the grav- 
itabionally amtrolled stress field as FISK and JACKSON 
indicated. What have kept the graviktimal skress field function 
f ' o ~  a long time during the repeated dike intrusions inko the 
rift zones, may well be the existence of thick enough oceanic 
sediment beneath the volcanic d'ifice. h ~ i d  acoumulation 
to $om volcanic -ices may have formed anomalously hihigh 
pore pressure, and thus reducing the friotioaal res%tanioe for 
bhe edifice to slide. Smooltiher basemerut topwgraphy beneahh the 
sediments may also be a factor to form an extensive sliding 
pIane in the sediments. 

Critical comments to NAKAlMURA (1980) by Masanori 
Sakuyama and Shun'ichiro Karato were helpful and are 
deeply acknowledged. Interest of Donald A. Swanson and 
Hans-With Schmincke to the present study was encourag- 
ing. The work was mo,stly carried out during my 1980 stay in 
the Univ~ersity of Lille 1 in France (lbst : Jacques Charvek) 
and in the Ruin University of Bol&um in Germany (host : 
Hans-U;lrioh Schmincke) su~iported by tihe funds d the Frlench 
Ministry of the Universities and the German Research Asso- 
eiatisn. 
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ABSTRACT 

The baseznenk d La Paha (Canary Idan&) comis~k d 
plutonic and hypabyssal intrusives and a submarine series, 
2.5 kun thick. Pyir0cla&ic rock in~crease in thickness u~wards 
in the section and dominate a t  the tap where they are several 
100 mekm ,4hick. Tke clmtic rlcrcks in the pillow-dominated 
sectiilon ar~e well bedded to cross-bedded hyalodastikes forming 
layers generally < 2 m thick, and thicker beds (UQ to 5 m) d 
coarse breccias which range from incipiently fractured pillows, 
that came to rest nearly in situ, to coarse, well sorted breccias 
depio~tited some distance from their SOUT~W. Claskic rocks in 
the upper smackion are massive to poorly bed'dd, dominantly 
lapilli- to sand-sized whit clasts, being generally higly 
vesiclular and h g e r  fragmenits being reddish oxidized displaying 
shapes and aesicularity inkemdiake beheen pillows and sub- 
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aerial scoria. We think these clasrtjlos f~ormed close to and, 
perhaps, just ablove sea level when the s.eamount precursor to 
La Palma island was emerging. Low overburden permitted 
explosive disruption of magma redking in much higher portion 
d clas~tic basalt. Instability of thick clasti'c masses resulked 
in periodic slumping m ~ d  downslope mass transport, possibly 
feeding widespread submarine pyroclasltic debris flows, such 
as tktosIe d,es'cr$bed by Schmincke & v. Rad (1979) from soukh 
of Grlan Canaria. The presence d a thick dastic seotion mar  
tihe top may also have influenced the patkern of hydrothermal 
eirculat.ion systems : greensichist facies minerals such as epidote 
have nlok been found abfove the lower few meiters of the thick 
hyalocliasltite in the upper wotion, possibly because convecting 
fluids were d,a<mmed ak the base of bhe hyaloclaskites that had 
beloome impermeable due to wholesale low temperahme dt8er.a- 
tion to sme~ctite anid other phas'es. 

A comparison will be mad'e between the La Pdma complex 
and c~on&uctional processes in o~oeanic crust found at Mid 
Oc.eanic Kd'ges. 

(This paper was not read at the Symposium) 



LE CAPELINHOS (FAIAL, AGORES) 
VINGT ANS APRES SON ERUPTION : 
LE MODELE ERUPTIF << SURTSEYEN >> 

E T  LES ANNEAUX 
DE TUFS HYALOCLASTIQUES * 

par 
GUY cAh!ws 

Dgpartement de GBologie et Minkdogie 
Univasitk de Clermmt-Ferrand I1 

et L.A. 10. C.N.R.S. 

En a~otik. 1978, vingt ans a p r k  son (srupitim le Capelinhos 
etait amput2 par 1'6rosion marine et 6olienne de plus de la 
rnoitie de sa surface initiale. Les coupes observables dans les 
fidl&es permetkent de clorrCkr les phases d 7 ~ a c t i ~  obs,e~v6es 
lams de l'6ruphion l et les f a d s  des prohits ainsj. que k u r  
dispolsikian. 

27/9-5/11/57: ActivitC sous-ma- L'ile I bdifike pendant ceitte 
pine B gmbes cypressoides et ppCriode s'esrt effoadr6e pro- 
d~8wlanrtas baslales, centr6e gressiment  B piarbir du 24/10 

* CAMUS G., BOIVIN P., GOER de HERVE A. de, G0;URGAUIE A., 
KIEFFER G., MERGOIL J., VINCENT P. M. : Note accept& pour publi- 
cation au Bull. Volc. bt., Vol. 44, 1. 

1 MACHADO, F. et al. (1959 et 1962) : Ma. Serv. Gkl .  Portugal, 
no 4 et 9. 
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1000 m B l'Ouwt de l'ILe de 
Raid. 

6/11/57 - 25/10/58 : Activit6 
centrke 500 m 5 l'Est de l'ile I. 

Effondr emaS inkacratkri- 
ques. 

DSelmttes basales peu 
c ~ g ~ .  

13/5-25 f lO/58 : Apr& la ter- 
m&me du mait&re de l'anneau 
de tufs ; adivit6 laves incan- 
descent~ .  

Fontaims de lave. 

Lacs de lave tanporaires. 

et a d i s p ~ ~ u  le 1/11. Un ilot 
Cphkrn&~e .& apgaru le 5/11. 

L'ile P Mifib pendant cette 
p6riode s'est rapidanent relike 
a l'ile de Kid. C'esit d l e  qui 
su?&de. 

Edification d'un anneau de 
tufs de 1 km de diam&re, 
150 m de had, avec un ma;tZ!re 
de 450 m de diamirtre, en am- 
mmiaatim aveu: la m a .  

Sitrabificmtion rkguli6re. 
P d ~ & ~ b t ( i ~ n  dm pl'd& 

hyl&clastiquw, l a p f i  vitreux, 
bmbes en chou-flews. 

Ablsence l a d e  de strates B 
pendage cenitrocihl. 

Ep~ndage de produits fins 
sur l'ae de Faid. 

m i c a t i o n  d'un c6ne de sw- 
r i s ,  aorul4es. 

I ere cen- sipaItit~.ooae k crat' 
t-ral, cmdres squdehtiques d- 
l m b n e s  accomplagnkes de 
quelques bounbes. 

Accum~t ions  de lave mas- 
sive dans l'atrio. 

V ' l e  au Sud-Esk du v o b .  

La base de l'wmeau de tufs hyalaclasltiques est palagoni- 
Mslke. Or l'6rupitilon s'& plrod~te P y a s e ~ ~ t  20 am. 
La paJagioniItistabirn a dmlc 6% rapide: &le p ~ ~ t  &re 
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syn-hptive. A l'apui de c&e hypokh&se existent plusie\urs 
arguments : 

- vers 1e centre de l'apgareil des pameam de tufs de 
plusieurs mhtres, voire plusieurs dizaines de mhtres, 
d&al& par failles, sont basculb. Si les matkriaux 
ahmienit prm kt6 ommlid6s gar pahgioni~mtdon et 
zi%lQ~ation, ils se seraient disloqu6s pendant le m u -  
vement . 

II/ LA COSTA DA NAU 

11 s'agit de l'moienne c6te m& de 17De de Faical, ant& 
r i m e  B 1'6ruplMon de 1957-1958. Elle montre la supenposition 
de ~ d a x  appm~eils cEe type Capdinhas, 

L'appareB inif&Bew a o q B  presque dkm&Qlleimenit mmtre 
m menau de MIS h ~ o ~ ~ s t i q u e s  haut de 90m k pndiages 
pBId!cliazaux & c e ~ l i t d u z 1 ~ .  Des &cmmlmenIts btr~crat&i- 
ques en wurs d'6rrmpltioa iamtashables. La phase A laves 
inicandwcentes a engendr4 un chle soorial& qui ramplit & 
Gborde partiellement le crat6re de l'anneau de tufs. 

L'appareil supkrieur, sans doute centrb au niveau des an- 
ciens < ilots de Capelinhos >, est coup6 tangentiellement, il 
montre la m b e  superpmikion tufs h3.alodaskiqu~s-sccories. 



Les anneaux de tufis h~odasi t iques carachbisent un cvob 
cankme d'berstion~. lb abndent le long des c6tes des 
Acores (Fdial, Terceira, Sgo Miguel, etc.). Parfois la phase 
t e r m a e  A laves hmder scenb  peu'c naanquer. Les h&es 
basanitiques du Velay et du Cantal (France) sont des Bdifices 
cornparables & des degrh d'hrosion plus avancks, resultant 
d'un vo~c&me slcnzs-Lamstre. 

Il e& n6ceslaire de bien diff6remier les kupitibn pb6ato- 
magmatiques sensu stricto qui engendrent les maars, des 
Crup~m sub-aquatiques c s&eyennes, qui engmdrenf 1s 
anneaux de tufs. 

La difdd~ence enhe les deux types d'appareik a 15% sou- 
I&n& par V. hirenz2. 

Maar 

Croissant pyroclastique sur- 
bais96. 

Pendagas cmtro~clinaux ex- 
cepkiomnels. 

Vask cr at&. 
Abondance (50-7096) dans les 

p~oj led im d761henks regris 
au subtsitmtum. 

DiaItrhme sous-jacenk large 
ek pd1omd'6rnenk enracink. 

Torus ces caract&res d6coulent d'un fait esseniiel : la subsi- 
d,ence est dhcr&k dms le d i a t r b e  slous-ja~cent 2i un anneau 

LORENZ, V. (1973) : Bd. VO~C., V d .  37, 2, p. 183-209. 
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de tufs alms qu'eue est tr&s imporbante d m  le dirutrhme sous- 
jecmt & m maar. 

Certte d8fQmce est due & k diff6rence de quankit6 d'eau 
dkponible dam un olu dans l'auke: 

- dans le cas d'une &uption s u r k y e m e  le rlapport eau/ 
/magma est 61ev6 et la vapeur faiblement surchauffhe 
se cmdlense llaipidmmt. Les m6langes fluidif'' I 113s - mo- 
teur de l'&uption - ont un rendemenit 6nergktique m& 
dimre. 

- d m  le cas d'une 6ruplticrn p~~trrrmagmabique conti- 
nenbde le rapport eau/nagma esit bas et la vapeur 
& d'auhnt plus sw~olhdfke que le foyer des explo- 
sions .s'appmrf~mdit rlapidement avec la subsidence g&n& 
sale. Les m61anges flulid1ifi6s vapeur d'eau - particdes 
solides and un rendement bnlef"g&biq~e Qlw6, favorisant 
de ce fait l'kj'wtion et la clispemion des Q h e n k  libhi- 
ques, et en curdlaire la sublsidence g6nCrde. 
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height over sea level, where the corresponding eruptive vents 
opened. 

The two main sftruotural trends of the W o ~ r i c  subbbtosic 
volcanism of La Palma are N 50 W and N 35" W. Both trends 
omrespond to the predominant ~m~cs of the dike swarms of the 
Basal C~mpkx  of the island. Yhe s~econdary trends, N 80" E 
and N 15" E, likewise coincide with the c o m e s p  main 
directions of the dike s w a m  of the B a a l  ~ p l e x e s  lotf La 
Gomera and Fuerteventura. 

The duration of these historic eruptions was between 1 to 
3 months and the area covered with lava and pyroclasts was 
37 km2, 5 *% of the total surface of the island. 

THE HISTORIC ERUPTIONS 
OF THE CANARW ARCHIPELAGO 

From the first contacts of the European navigators who 
visited the Canary Islands anound the middle d the XIVth 
century, 18 erupkions have taken place (Table 1). 

Qf bhe 18 eruptions, 7 o ~ w w e d  on the island of La Palma. 
A new his~~3icibiibliographuic study as well as a debailed fidd- 
wlork have enabled us 60 accurately dekermhe the places, dates 
and duration of these emptions as well as their vtolmd@oal, 
pebokgilcal and geo~ch~deel  features. The detaikl SitRldy of 
all thme aspxi% will be published separately; here we will 
give only a brief summary. 

Nearly ad hisbo~ic eruptions on the (=lanary Islands, wem 
relatively moderate, restricted to local areas of limited exten- 
sion and &lair duration ranged only from a few days to 3 
months. N;otwibhsltanlding , some of tihe empkim were of a 
bigger magnitude, specially the T i m d a y a  eruption of Lan- 
zmote i d a d  in the XVITI cenbuy, that las;ted six pe1m 
p r a a t i d y  without ~hkrmuption, mered with lava and tepM 
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a third of the idand and obliged most of its inhabitants t,o 
emigrake. In other instances, as in the muphion of alntaiia 
Negra, Ten,erif'e, in 1706, the ~~01clanic ouhblursit, that lasted 
9 days only, compl'et~dy destroyed the town of Garlachico. 

THE HISTORIC ERUPTIONS OF LA PALMA 

The sewen historic erupkiom of La Palma (Table 2) have 
taken place in the southern half of the island, in the mountain 
spline knlown a,s. Cumbre Vieja, from ib b'aginning in the El 
Paslo vdley tidl tihe s~outhern goink of the isl'and, in F~uenca- 
liente, near the sea (Fig. 1). 

AIU the eqrt'iom began after a Inore or kss prloJonged 
period of earth tremors, whose magnitude never exceeded No. 6 
of the Richter sjcale. These trem~ors wwe always rwhricted to  
some zones of the island, increased their intensity and frequency 
on the days and hours preceeding the eruptions, restricting to the 
area where the eruption took place thereafter. The eruption s.s. 
G~arbs wihh the opening of 1ihtLe fissures olf the griomd foUo.w- 
ing directions pr.efbed by the main sltruclt,md pattmm of the 
idand. From th,e fir& moments, lthese fissurabion is accom- 
panied by the emission of gases and little lam fountains from 
s,everal plaints aiong the whole extension of the main fissure 
that can attain several kilometers in length. Within a short 
time during the first hours of the event, these multiple inci- 
pient volcanic vents remain restricted to a few ones, more and 
more aotive, where the aansltrucbion d heaps of tepka grow 
1lIM;Le by Wle  an~d odesce  tio the t y p i d  volcanic ames with 
their corresponding craters. 

When the fissure opens in a terrain with a c~nsi~derable 
&ope and in irtrsirtrs d8ireat30m, high pressure lava fountains, pwo- 
cisstic materMs and ga,s8eis are emithad from the higher 
vloEclanic ventls, while fnom the lower vents only more or 11ee.s 
dlegasified lava plows o d  with a much how,er ex$osdviity. 



Fig. 1 -Location of the historic eruptions of La Palma. I. - Taoande 
(1470-92). 2. - Tahuya (1585). 3. - Tigalate (1645). 4. - San Anto- 
nio (l6i'D. 5. - E1 Charco (1712). 6. - San Juan (1949). 7. - 
Tmeguia (1971). 





ARQUIPELAGO - CIENCIAS DA NATUFSZA 

This pattern is more noticeable when the difference in heigth 
d the e&me wIc&lc ve& is greater, and t;he dm&im 
d $he erupkiom is loonger. In the mlolst typical insknces the 
Mgher venk mow to volcanic oones of a tom& d hundreds 
d meters, while in the lower ones 1tber.e only r& some 
erupkive fissures o~tutp-g lava. This pa~ttm is very clearly 
exposed in the eruptions elf the volcxwwes Tigdak, El Chmm 
or San Jiuan, where the differmtce in height of Wle diiff~erent 
ve& is very noticeable. 

During the course of the emphion it is also frequent that 
secondary cracks and fissures develop near the main volcanic 
vmks, fial&mhg &to the main sh;rZllm trends of the ism. 
(Fjig. 2 and 3). 

The wugrbion conitinues wlith cihanges im the activity of the 
several v'enb, until s d a l y  anld without a marked and gradual 
dimbutiom of the ezpblsivirty anld lava m@wur, the activity 
practically stops. Subsequently, all the eruptive area suffers 
a period of dm degasifiaahiiom, bsuombg weaker and weaker, 
that lastis fim 2 or 3 years. After this perid,  all vtol1u&c 
m~anifes~Mms cease, sltarrting a new eruption, after an irregular 
period d the that normally lasts for severlal yews, 3n &her 
ptar& ~of the same kJand or in 0 t h ~  island of the Archipelago. 
(Taible 1). 

SrnUCTZTRAL P A r n R N S  
W THE VOLCANIC ERUPTIONS 

All these hisboric eruptions and in general all the recent 
erupkims d the island are omdiitimed in its gmrn&ic patkerns 
by the directions t h a k  rule the whole of the Ilrchipdago and 
La Palma in parbicular. 

The main sltruckmal trends that ru4e the sevwal eruptive 
mlms (Fig. 2 and 3) are N 5" W and N 35" W. Both are the 
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Fig. 3 - Main directions of historic eruptions of La Palma related to the 
dikeswarms of the Basal Complex of the Island. The orientation 
diagrams corresponding to the Basal Complexes of Fuerteventura 
and La Gomera Islands are also drawn. (Data of Basal Complex 
of La P a h a  from m Z ,  J. de la (pers. communication) and 
data d the basal complexes of Fuerteventura and La Gomera 
from HERNANDEZ-PACHEcO, A., 1979). 
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prdlomimrrrt oinels in the eruphns of Tigalate, San Antonio, 
San Juan and Teneguia volcanoes. Both coincide with the 
maxima for the trends of the d&e swarms d the Basal Com- 
plex d the island that appears in the Caildem de Tmburiente. 

Other trend, N 15" E, of secondary magnitude, appears in 
the emphiow orf Tacmde, Tahuya, El Charm and also) San Juan 
and Meguia  volcanoes. It co~incides wibh a maximum d the 
dihe swarms d the Basal Complex elf Fuertevmtulla. b k l y ,  
(the appmximaIte direction N 75-80" E, fmdiamenitQl in San Juan 
eruptions buk a h  exisbimg in San Antionio, Tigjdabe antd Tene- 
&a vdano8es, coincides with the cmespomding maximum 
of the dike swarms of the Basal Complex of La Gomera. Special 
cms1i1deriati10.n deserves the fracture originated by the fissurd 
eruption of El C h c o .  Its direction fo~oms a N 64" W trend 
that could be likened to the direction of the Atlantic fracture 
system that exists to the W of the island. It  marks the 
alignment of the volcanic edifices of Gran Canaria, Tenerife 
and La Paha. 

The ftack that tihese directiow arie bhe stme that control 
the volcanic phenomena is l og id ,  but the imporitrant point is 
that they do not follow a simple, unique pattern NE-SW or 
NNE-SSW as it was ps,eviously said. The above mentimed 
dirsctbns pr~edomimte in the whole extent d the Archipelago 
and exlist at bast  fro'm the Loww Miocene, age of the magmatic 
trpciis~odes of the B a d  (=lomplexes unitjl the present time. It can 
ble said that, for the whole Archipda~go in genmd and fur 
h Paha in particular, the rwwk ~mniisrn is ruled by 
aomplex structural lineaments, d regional exitat, that m e  
from a b u t  30 M.a. agn and are periadkally reactivated in 
connection with volcanic eruptions dependent from one or 
other of these strucrtural trends. 
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PETROLOGY AN GE(TCM%MISTRY 
OF HISTORIlC LAVAS 

The materials eimiktd by the Mmic m1eamoes d La 
Paha b~&cmg to ~e group of &aIhe btarlis with p~ocphyribic 
berrture with pymxene and/or olivine and/lor plagiodase and/or 
aanphibiole phenoorysts in a dark c r y p k s c r y s t ~ e  to micro. 
crystbailbe nusuhrix. 

FoU~owing the cr'irteria of IBARROLA, E. (1970) and accord- 
ing to the abundance of CIPW nomahive feldspar (Feld.) and 
n q n l e  (Ne), d y  a f,ew percenhagie d the s-es arc 
basalt3 (> 4576 FeM, < 10 % Ne). Most of them me basa- 
nitioids ( < 45 % FeM, > 10 % Ne) and ankammites ( < 45 % 
Feld, < 100% Ne), as it can be seen in Table 2. 

Generally each volcano has two or more types of basalts 
depending on their exishing ha& as pbenocrysts. At Tene- 
guia vlolam, the twloh types d bastaIts, pyroxene amphibole 
b- and pyrmena divine b s d t s ,  cmaplond to two erupkive 
pbsles, delimited in time. 

In the &her volcan~ws it is not always p&ble to est!abIish 
this mm~plond~euxe but in general terns, it can be that 
the mystdization hias bakem plliace aZ1 three sbages. In a first 
stage of magma consolidation, amphibole (kaersutite type), 
greenish pynoxene (f errisalike type), acidic plm@oclase and 
haiime were formed. These mlinarals were mainly preserved 
in tihe saonhs m d  pvolchsrtic mItreriaIs, while in m p a c t  
l a m  tihey appear cmrodd and wi4h resorption phe~ornena. 
Ehiiyne is &dy found as indudions in the very scarce and 
wmo&d p1agiwaS.e cryakah. The main crysitallhition stage 
fo&ms and olivine, augite and ptagiochw are then formed. 
Lastly, there is a final cmwdidabion sitage, ody observed in 
rather few samples and formed by interstitial analcisne, alba- 
line feldspar and biotite or by glass. 



Ab, Or 
/ 

Fig. 4 - Zavardtzkii diagram of the historic lavas 
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Gmgolvartic or xaodithic inoIrufijims are mlrmmm in the 
hisrtoric wlliaancuas. Tbe cornuagmaMc inclusions are pyroxenic 
a d  a~mphiblk curnulakes and the xenolithic ones are not 
only pleridobits and gahbros plulld out f m  greek dephts but 
Aslo sy&es, phmoiites and hasalts cormespoading to more 
s u p f i o i d  subskraitmn of the islad. Some af these inddonis 
show p~aJrt;iail fusion phenomena and mekmounatic t r iad~oma-  
tiom SIU& as alka.liniz&ion anid haiiynimrtion. 

'Ike ge~olchemioal cb~aaateri3tia cian be appreciated in 
Table 3 and Figure 4. The alkaline and subsatu.rated characbr 
is shong. the samples consolidated from a basic melt 
sluarcely diiffemnkiakd. However, a differentliatioa praoess 
always happened in the magmatic chamber and the emisdon 
d a seqaeme from ampbibdic to o ~ ~ e  Qpes can be related 
to the difCeremt stages d the ~ p ~ m  and the hedghrt WIW 

the sea level where the corresponding eruptive vents opened. 
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ABSTRACT 

Geodetic measurements in Fayal, Pico and San Jorge 
showed some horizontal expansion of these islands. The total 
expansion during the interval 1936-1979 amounts to several 
metres, being considerably greater than the average sea floor 
spreading for lcihat area of the Atlantic Ooean. This suggests 
that the spreading could be a discontinuous phenolmenon, 
depending on short lived epochs of quick strain release. A 
vertical pulsation on the central part of Eico volcano was also 
detecte~d; the pulsation has amplitude of about one metre 
and period close to one year. It seems due to perioldic changes 
of pressure inside the magma chamber. 

* Present address : Dept. of Geosciences, University of Aveiro, 
3800 Aveiro, Portugal. 
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INTRODUCTION 

Phhe displacements at the triple junction d the Azores 
are p ~ ~ b a b i y  responsible for the t sotonic activity of the islands, 
as well as for the associated seismic swarms. 

A tectonic mlodel of the Azores (Rig. la) has been proposed 
previously (Machado & al., 1972) ; this model was based 
primarily on the geological features of the islands. Anokher 
simpler model (Fig. lb) had been proposed by Krause and 
Watikias (19708; see also W M e  & al., 1976). In this latter 
d d ,  based on manographic and geomagnetic data, it is 
assumed that $he mid-AtJantic Mt passes undisturbed between 
Fayal and Flwes, whereas bhe moclel d Machado & d. assumes 
bhat Dhe rift has been shifted to the east and crosses all the 
islands havhg presentday volcanic activity. 

Both moldels can prabably be reconciled if the rift is 
divide~d into two branches: one passing between Fayal and 
Flores and the other khrou& the active volcanoes (F6g. lc). 
The existence of parallel branches of the mid-Atlantic rift 
has been considered also in Iceland (see, for instance, Walker, 
1965). 

The main purpose d the present researah was to monitor 
the b~ehaviour d Pico volcano and fincl out if any actual 
displamments could be attributed to the transform faults d 
Fig. l a  (or llc). The measurements revealed that tihe trans- 
current gmveanent is co~q&icated by generd horizontal expan- 
sion of the volcano and by a vertical ipulsation. 

These phenomena seem to ~epresent. a remarkable f'eature 
d some of the active vdoanoes of the Azores. 
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Fig. 1 - Tectonic models of the Azores : (a) after MACHADO & al., 
1.m (with slight changes) ; (b) after WIlITE & al.. 1976 ; 
(c) superposition of models (a) and (b). 
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Fig. %-Islands of Fayal and Pico (with indication of the recorded 
eruptions and active transform faults). 
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WN'G TERM HORIZONTAL DISPLACEMENTS 

Measurements, using geodetic methods, were made in Fayal 
and Rco (Fig. 2), where a transform fault has considerable 
seismic activity. In fact, along this fault have been located 
the epicentre cxf the great earthquake of 1926 (Agostiluho, 1927) 
and bhose of some strong shocks of the 1973 swarm (Machado 
& al., 1974). Pioo is a very young volcano having a regular 
big central cone wibh steep sbpes ; Fayal is older and exhibits 
at p~esent a sum~mit caldera. 

The work of 1975 consisted of a simple triangulation (using 
a WM T2 theo~dolite) with the likely assumption that the 
length of m e  of the lines (conveniently selected) had not 
ohangd. The results, when compared with the geodetic smvey 
of 1935 (made by Instituto Geogriifico e Cadastral from Lisbon), 
showed some transcurrent movement superposed on a general 
horizontal expansion (MachacEo and Powlo, 1976). 

As there were some doubts about the general expansion, 
the field work was repeated in 1979, a small base being then 
measured with a Wild DI3S (which gives a precision of 1 part 
in lo6). The results (Fig. 3) are not significantly different from 
the previous ones. 

A radial expansion of Pico volcano is apparent, whereas 
Fayd  seems to, move practically as a rigid block. If we subtract 
the E-W expansion (and the small NS expansion found for 
Fayal), the residuals (Fig. 4) show some movement along two 
transform faults. In addition there seems to exist a minor 
N-S fault which .makes compatible the N S  components d PIeo 
expansion with the simple translation of Fayal, where radial 
expansion is practically non-existent. 

In any case, the E W  extension is much bigger than ex- 
pected. The average flolor spreading of the Atlantic a t  this' 
latitude is only about 1.3 cm per year on either direction. 
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Fig. 3 -Horizontal displacements in Fayal md Pico, during the interval 
1935-1979. 



RESIDUAL DISPLACEMENTS 
1935-197'9 

Fig. 4 - Residuals of horizontal displaceemnts after subtraction of E-W 
expansion (and small N-S expansion of Fayal). 



Displacement in Fayal amounts to 4 or 5 meters in 44 years 
(rehtivdy to a central line dose to the main vent d Pico 
volcano), instead of the 50 or 60 cm which would correspond 
to the average spreading. 

Also in a N-S direction the average movement assumed 
for ,the Azores-Gibraltar belt ( M a c M  & al., 1972) is several 
times s'maller than the N-S expansion of Pko. 

DISTANCE TO 

EXPANSION AXIS K m  

I 

RELATIVE DISPLACEMENTS 
1940-1966 

Fig. 5 -Horizontal displacements in San Jorge, dwhg the interval 
1940-1946. 
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Very similar results were found in San J o ~ g e  (Fig. 5), 
where Instituto Geogrdfico e Cadastral repeated in 1966 the 
geodetic S m e y  of the island, the first survey having been 
made in 1940. 

%ese results suggest that sea floor spreading is not a 
continuous phenomenon. Stxain couIid, in f ad ,  accumulate during 
several centuries, being released in a quick way probably in 
connection wibh earthquake swarms or vollcanic eruptions. 

After 1936, there occurred the eruption of Capelinhos, Fayal, 
in 1957-1958 wibh all its seismic activity (ZbgmzezasJei, 1960) and 
also a severe earthquake swarm in 1973 which was felt mainly 
in Pic0 ( M a c M o  & al., 1974). In San Jorge there was a 
seismic swarm in 1964 ( M C U C ~  and Forjaz, 1964). 

On the other hand, the last eruptions in Pico occurred in 
1718 anld 1720, and in San Jmge in 1808. Fayal had anohher 
eruption in 1672. 

SURFACE 
DILATATION: 

Fig. 6 -Diagram of the triangles fur measurement of surface dilation 
and tilt. 



VERTICAL DISPZAGEMEW O F  PIC0 

In adition to the horizontal exmsion, the volcano of Piclo 
shows a vertical os~cillation which is being measured since 
1975. 

Until O~ckobw, 1977 the measuremenb were made on small 
triangles with sides about 10 m long (Fig. 6) materialized by 
three stainless steel marks cemented to sdeded rolck exposures. 

At intervals of about 3 months we measured the level dif- 
ference and length between every two marks d the triangles. 
This was performed by triangulation (witih the Wild !l!2 theo- 
dolite) from two adequate stations ab'mt 5 meters apart, 
whos~e exact distance was measured with an invar stadia. The 
changes found between sucessive measurements were adjusted 
to Mogi's model (Mogi, 1958 ; see also Machado, 1974). In this 
moldel, ohanges d plressure in a small spherical magma 
chamber (Fig. 7), at  depth h, produce at the surface radial 
and vertical displacements, respectively u, and u,, given by 
thte equations 

where C is a factor proportional to 'ahe change of pressure, 
and R is given by the equation 

r being $he radial comdinate. 

104 
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Fig. 7 - Diagrram of Mogi's model (the size of the magma chamber is 
supposed to be small when compared to the depth). 

The most convenient quantities to consider in each triangle 
are the surface dilatation A and the radial tilt 6i, which are 
easily deduced from the field measurements. For magi's model 
these quantities are 

Comparison of the measured values to equations (4) and 
(5) allowed to estimate the depth h (which was always about 
4.7 km) and the factor C, and therefore bhe maximum vertical 
displacement 

C 



The field work used to last for several days and the 
subsequent computation was slightly involved. As said before, 
bhis lmethod was used only until Oct. 1977. :Afterwards the 
heights d several existing geodetic monuments are being sim- 
ply determined by triangulation (using the Wild T2 theodolite), 
but &e atmos~heric refraction has to be obtained f a r  each 
set of obs~ervations (which lasts for only 3 or 4 hours). 

The level ahanges are again adjusted to equation (2) and 
the maxinun vertical displacement is then computed using 
equation (6). 

Fig. 8 shows the small triangles and the geodetic monu- 
ments which have been used, and Fig. 9 and 10 are examples 
of the ohanges using either method. 

The final results are fairly consistent. .An area centred 
close to Pico's main vent seems to be pulsating with a period 
d about 1 year. Vertical disp;lacements at  ;the centre of the 
oscillating area are given in Fig. 11. Apparently the epochs of 
maximum height occurred at the beginning of summer until 
1976, but are occurring at the beginning of winter since 1978. 
The amplitude is about 1 m. 
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Fig. 8-Location of the small triangles and of geodetic monuments in 
Pico Island. 
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S ~ O S I U M  ON THE ACTIVITY O F  O C E a M C  VOLCANOES 

CONCLUSIONS 

In Pico Island .bhe e q e W  transcurrent moivement almg 
transform faults is supergosed on a radial expansion (which 
is probably an irreversible displacement) and a vertical pul- 
station with period dose to l year. The two latter phenomena 
s&em to olccur on the same area (centred near the main vent 
of the volcano). 

A detailed interpretation is uncertain ; the expansion could 
well have increased bhe effect of some pulsation d pressurle 
in the magma chamber of the volcano. This could be a usual 
feature d the active voloanoes of the Azores, but, except for 
bhe expansion of San Jonge, no similar measurements have 
been made on the &her islands. 

The phenomena could also be related to gravitational piulsa- 
tions as proposed elsewhere (Machdo, 1973 ; 1975) ; this is a 
speculative interpretation which has, however, to be worked out. 

In adidtion to A. Possolo, the field work had the colla- 
boration of several persons. We wish to thank especially 
J. Augusto from the Pwblic Works Office in Pioo, and M. Serpa 
from the Department of Oceanography of the Azores University. 
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THE IGNIMBRITES OF TERCEIRA, AZORES 
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ABSTRACT 

On $he oceanic idands of the Atlantic jlgnimbrites are known 
to olccur on Icdand, Gran Canaria, Tenierife and on two1 of the 
Azores i d a d s ,  Terwira and s o  Miguel. Ignimbrite may form 
a larger proportion of the total volume of rock on the island 
of Terceira $ban it does on any uf tihe other idands, yet the 
indivildual eruption volumes are small (5 1 kms). Thew have 
been a t  least 6 major ignimbrite forming eruptions during the 
islands' history, and dder ash-fall sequences may provide evi- 
dence of sweral others. 

The two youngest ignimbrites, the Lajes (23,OOOyBP) and 
the Angra (19,000yBP) resulted from caldera-forming eruptions 
d Pico Alto volcano, a <parasitic >> caldera on the north flanks 
of the older Gzlilherme Moniz volcano. Both pyroclastic flows 
reached the edge of the island and much of the deposition was 
probably submarine. The cooling units are relatively thin 
(1-20 m), but the Lajes is densely welded, a feature typical 
of highly alkaline ignimbrites. 
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The transport mechanism d the two young ignhbrllites has 
been investigated using grain-size relationships between the 
various layers. Ground surge, ash-cloud surge and co-ignim- 
brite ash-fall deposits are asslociated with the main ignimbrite 
bodies. Nearly all the pyrolclastic flows have been omstrained 
by tcqotgraphy to flow along valleys between the main composite 
volcanoes, and have all reached the sea in trhe same regions. 
Sequences exposing to older ignimbrites are hence restricted 
to these narrow coastal regions and little is known d their 
and soures. 



THE GEOLOGY, VOLCANIC ACTIVITY, 
AND AGE OF BOUVETgYA, 

SOUTH ATLANTIC * 

by 
TORE PRESTVIK 
Geologisk Institutt 

N-7034 Trondheim-NTH, Norway 

The volcanic cone of Bouvetsya is built up of two forma- 
tions. The older fmormation, of predominantly pyrolchstic rocks 
which are typically hy.dsloithermaUy altered, is overlain by 
a fiormabion d mainly lava flows. The rcrcks present on the 
idand constitute a transitional volcanic series. KJAr dating 
indicates that surface rocks were formed as eanly as 1.4 Ma B.P. 
The rocks of Nyrsysa are 0.40.5 Ma, showing that this platform, 
which formed b'etween 1955 and 1958, rqxesents a landslide 
type deposit rather than a recent eruption as has previously 
been suggested by several workers. Various kinds of evidence 
suggest that the volcanic activity, or a cyde d activity, d 
Bouvetcbya is now iin a declining phase. 

'* Publication No. 58 of the Norwegian Antarctic Research Expedi- 
tions (l978/79). 



INTRIODUGTION 

Bouvetsya is an bceanic island located closIe to the Bouvet 
triple junction in tihe Smth Atlantic Ocean (Fig. 1). On the 
basis of distance frlom the central part d the Bouvet ridge 
and half spreading rates for this region given by SCLATEX 
et al. (1976), the age of the oceanic crust beneakh the islands 
is esWabed to 4.5-5.0 Ma. %his is thus a maximum age of the 
volcanic activity responsible flor the Bouvetsya cone. 

Fig. 1 - lacation of Bouvetsya. The tectonic relations of the Bouvet 
triple junction as interpreted by SCLATER et al. (196) are 
inserted. 
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The idand covers an area d only 55 km2 of whkh about 
95 is capped by permanent ice. m e  assyrnectrical shape of 
Bouvetcaya, with the crater/caldera area in the nMhwest 
(Fig. 2), is influenced by the wave action caused by almost 
permanent westerly winds in the area. Rocks are, however, 
well exposed in outcrops dong the coast (Fig. 2). 

KAPP VALDlVlA 

NYRBYSA 

I OLAVTOPPEN 
WILHELH = I * 780 m 

/ 

x LYKKETOPPEN 

N 766m 

0 i 2 3 & 5 k m  

Fig. 2 - Sketch map of Bouvetsya. 

The Norvegia expeditions in 1927-28 and 1928-29, a joint 
BritishJSouth African expedition in 1964, a South African erne- 
dikion in 1966, and a Norwegian experdition in 1977, r e ~ u l k d  in 
several papers concerning the geology and petrology of Bou- 
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veitcdya. It was established that the volcanic rocks of the 
bland belong to  a transitional volcanic series (BROCH, 1946 ; 
WRWOERD et al., 1976; WLAND et al., 1977). The origin 
d the platform, now &,ed Nyraysa, that appeared on the 
norlthwestern coast between 1955 and 1958 has, however, been 
a matter of discussion. 'Jhis platform was interpreted as bhe 
result d a reoent eruption by some workers, whereas others 
thought it represented, an avdan~ohe type deposit. To resolve 
this question was therefore one of the goals set by the members 
of the Norwegian Antarctic Ekpsdition 1978-79 that visited 
Bouvetcdya for about two weeks. Evan though the weather 
condiltilcms were bad-during this expedition, much new informa- 
tion was obtained. Detailed descriptions of these findings and 
a discussion of the geology of Rouvetcdya have been given by 
PRESTVX and WINSENS (1981). 

In the present paper the new information is sum~marived 
and briefly discussed together with what is known ablout 
petrology from previous work. 

GEOLOGY AND PETROLOGY 

The volcanitc cone d Rouvetaya is buM up d two major 
formations. ?rhe older formation csmsists of various kinds of 
volaanirdastic rocks as seen in the s,eep aliffs of the southern, 
western, and nollthern coasts (Fig. 2) wher,e deep s,ections are 
well eloptolsed. This formation is frequently cut by dikes and 
hydr~th~errnail alteration is conspicuous, especially in areas 
dose to the craterJlcaldera area. Fumarolic activity, which 
has b'een observed by al l  recent expeditions, is also concen- 
trated in this area. The vollicaniclaskic rocks d this formation 
were probably foamed as  hyaloclastites (Surtsey type eruption). 

The pyroclastic rocks are overlain by a formation of mainly 
lava filows which are cbaralcteristidy less altered than the 
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underlying racks. In some places the lava flows are mixed 
with minor occurrences of palagmitized hyalodasltites. These 
features indicate that the island had only a thin icecap that 
gave rise to small amounts of hyaldastites befare it melted 
locally so that subaerial lava flows could be formed. 

The transition between bhe two formations is interpreted 
to represent the tome when the volcanic structure of the island 
became rigid and compact enough to prevent seawater from 
entering conduits or venk. 

Transitional basalt (hawaiite) is the peldominant rock type 
of Bouvetsya. Intermediate rocks (trachytic icelandite or ben- 
moreite) occur om the Nyrsysa platform, and peralkaline 
nhyolite (Icomendite) is found in a lava fl'ow on the islet d 
Larssya, in a dome at Kapg Valdivia (Fig. 2), and in a few 
dikes cutting the lo~wermost pyroclastic fopmation. 

The petrology d these rocks has recently been discussed 
by VIBWQEItD et d. (1976), I M S W  d d. (1977), and 
PRJ3STVIK (in press). Tbe different members of the trans- 
itional suite are thought to be interrelated by fractional crys- 
talization (VERWOERD et al., 1976). However, IMSLAND et al., 
(1977) proposed a model for bhe evdution of the series involv- 
ing fractiond crystallization undm varying conditions d P, 
T, and PH~O either from slightly different magma ltypes or 
from one parental magma type in an open sysbem. The whole 
series displays a chondrite-normalized pattern characterized 
by light REE enrichment (Fig. 3). A strong negative Eu 
anomaly d the omendites suggests strong feldspar fractiona- 
tion under low Po, at a late stage in the evolution of the 
series (PRJ3STW(, in press). 



Fig. 3 - Chonrite normalized REE patterns of volcanic rocks frm 
Bouvet0ya. From PRESTVIK (in press). Vertical scale : Sample/ 
chondrite ratios. 
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THE VOLCANIC ACTIVITY AND AGE OF B0;WETBYA 
AND THE PORNLATION OF NYR0YSA 

It was mentioned above bhat the maximum age of the 
Bouvd0ya volcanic cone is estimated to some 4.0-5.0 Ma. The 
r e d  age of the initiation of this vdcanism is u n k n m  b~ecause 
no dating of mcks from the submarine stru-e has been 
pedo~med. VE3EWOiERD et al. (1976) discussed the age of 
Blouvetsya (super-surface part) and concluded Dhak an age in 
excless of 1 Ma was unlikely. 

K-Ar datings on new material from Bouvetsya (3EYRnESTVIK 
and WlNSNl3S, 1981) show that two subaerial lava flows 
from a low stratigraphic position in the upper formation. have 
apparmt ages of 1.39 Ma and 1.06 Ma. The lowermost formation 
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of pyrocilastic rocks is probably only slightly older than the 
overlying lava flows, because it is unlikely that the predo- 
minantly pyroclastic cone could survive the intense marine 
abrasion of the area for any bong time. However, K-Ar dating 
of the lowermost formation gave lower apparent K-Ar ages than 
what were found in the overlying lava flows. ihis is interpreted 
as due to lfoss of radiogenic argon, probably as a result of the 
extensive hydrothermal alteration d these rocks. 

Furthermore, field and pekrographic evidences (PRESTVIX 
and WINSNES, 1981) indicate that the siIicic rocks of Lar- 
ssya and Kapp Valdivia are relatively young. This impression 
is further substantiated by the K-Ar apparent ages (< 0.2 Ma) 
oiMained for these rocks. 

The Nyrsysa platform on the northeastern coast (Fig. 2) 
has been interpreted as the result d a recent eruption (RAKER 
and TONIBLIN, 1964 ; LUNDE, 1965 ; BILKER, 1967 ; FURNES 
and LOVLIE, 1978) whereas WINSNES (1966) and VERWOERD 
et al. (1976) interpreted this platform as an avalanche type 
deposit. 

Relcent K-Ar analyses of rolcks from the Ny~sysa platform 
(PRESTVIK and WINSNES, 1981) gave ages of 0.40.5 Ma 
showing that the platform does not rmresent a recent eruption. 
Several features, such as consistent m(agnekic pdarity direcltjons 
(FURNEnS and L O W ,  1978) and stratigraphy, Wcabe Wlat 
the platform represents a landdide rather than an avalanche. 

The real stratigraphic position d the intermediate rocks 
of Nymysa in the Bmveksya come is as yet nolt known in 
detail. They must however, represent a position aibove the 
basic lavas oacuming immediately above pymcla&ic rocks of 
the lower formation. The reIaltively big age difflerenlce between 
these bask lavas and the rocks now present at  Nymysa indi- 
cates that the volcanic adivity was low at this sitage of 
comrtrwtion of ~e Bouvetoya cone. The size and shape d the 
plateau surrounded by a few pleaks in the summit area (Fig. 2) 
indicates that the island has evolved beyond the stafe of caldera 
collapse (IMSIiAND et aaS., 1977). Even though very little is 
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known about the oonkinuity of the magmati'c activity of Bou- 
vetsya, several features such as a general trend from basic 
to intermediate and silicic rocks with t h e  and the scarcity 
of apparently very young rocks, indicate that the volcanic 
activity or a cycle of alckivity is nlow in a diecllining phx.e. 

Thanks me due to Prlof. Chr. O f t d a h l  anld Prof. F. M. 
Vokes who made comments on the paper. 
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ABSTRACT 

In the southern part of Tkansdanubia during the Triassic 
and Jurassic times, more than 6,000 metres tmrigenous, shelf 
and pelagic sedimentary sequences formed in a basin which 
was sinking with different speed. 

The oldest v ~ k a n i c  rocks in this territory are intercala- 
tions of basic and intermediate tuffs, found in the Lower- 
Liassk formation, which is characteris& by very rapid sinking 
d the basin. ,These vo~cam~alaskics are momritered as pdches 
with thicknesses approximating some few metres. The chrono- 
logy d these rocks is cGs.cussd. 

The sediments following the Lower-Liassic formation are 
uharaoterisd by continuity till the Loww-Crekac~ous, and they 
are free from volcanic materials. 



The main volcark activity in the area began during the 
Berriasian age under open pelagic conditions, and continued 
to the Upper-Valanginian. In the pause of the volcanic activity, 
during the Upper-Valanginian and Hauterivian shelf and shal- 
low-water clastic sediments were deposited. 

&ter that the volcanic alctivity colmmenced again b,ut 
during this period, bhe vol'canic activity covered a lesser spacle 
anld time. During this volmnic activity dykes and subvolcanic 
masses were intruded in the Permian-T,riassic and Jurassic 
sedimentary sequences of the miogeosinclinal basin. The vol- 
canic suite was formed in the fault system of mE-SWW 
direldion. The Lower-Cretac,elous vokanic rolcks are highly 
differentiated, from the basic diabas~e anld dolerite to the albitic 
diabase and keratophyre and phonolite, the origin of which is 
explained by maagrna8ic differentiation anld conltamination with 
seldirnentary rocks. Am'ong the sub;voIcanic and volcanic rocks 
spilitk rocks are cofmmon. The s u h m i n e  lava-flows show in 
situ brecciation, as follows : different kinds of pillow-lavas, 
lavabreiccias and hyaloclastics. 

About the origin of the Lower-Cretaceous volcanic suite 
and its tectonical environment - to our knowledge - we have 
not a uniform point of view. If the territory is supposed as 
a tedonical micro-unit, the volcanism see'ms t,o b'e as a result 
of a continental-rifting. Anld if we take into clonsideration the 
ultrabasic and basic volcanic rock-,suite, whirah can ble found 
North from the northern b~orlder of the area, and which can be 
eonsldered an ophiolike-like-suite, we might regard the Lower- 
Cr&ac.eous volcanism as an analogy of the island-am mlcal- 
kaline vo1,canism. Thle paper tries to give an answer to the 
two possibilities of the origin of this volcanism on the basis of 
several petrochemical discriminative diagrams. 
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ABSTRACT 

This paper discusses bhe results of seismological, geodetic, 
geophysical, geologic and petrologic investigations of the large 
'I'olbschik fissure eruption whi& toccucrred from July 6, 1975 
to Dec. 10, 1976 in Kamchatka. The eruption proceeded first in 
bhe region d North vents (July GSepit. 15, 1975) where bhe 
&ara&er of its activity was predominantly explosive and then 
after a short repose period started again in the region d 
Smth vent where its activity was predominantly effusive with 
outpouring uf fluid lava. The total vo1u.me of erupted products 
is 2.3 kkmS. The time and loldity d eruption wme successfully 
paedioted amording to the oharacter of a swarm d earthqua- 
kes recorded at depths from 0 to 20 (30) km. Furthermore, 
based on a ehmacteristic decrease of the number of earthquakes 



at the end d swarms preceding the formation of eruptive 
centers, the time of formation of some cones in the regions d 
Nmtb and South vents was predioted also. T;he dimensions of 
tihe feeder dykes in the r'egion of North vents were evaluated 
based om hmiuontd cpustal d&ormatim. Their thickness is 
more than 1 m, the visible leag&h is nl& mme than 400 m. The 
werpremure d magma and gas is 100 to 301) kglm'. In the 
mume d eruption during a short period of time there was 
observed a successive change in basalt coposition from high- 
magnesian d mo~derak alkalinity (North vents) through hker- 
mediate to aluminom subalkaline (South vent). Geologic and 
petrologic data testify to independence of two c~ontrasting in 
composition bas& magmas. Basalts of intermediate composi- 
tion are a produclt d mixing d these magmas. The main feeding 
source elf basalts ejeoted from the North and South vents was a 
system d oonnected intermedkke chambers located in the lower 
crustal layers or in the crustmantle transition layer. It has been 
established that durkg the eruption in the region of North vents 
a system of peripheral. magma chambers formed in the upper 
crustal layers a t  depths d 2-3 and 7-8 h. These chambers are 
c~onsidewd to be the possible places d magma mixing. 
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ABSTRACT 

A new (provisional) geological map of Ascension Island 
will be exhibited aocompanied by representaltive rock speci- 
mens, thin sections, photomicrographs, phoitographs of volcanic 
features, and an overlay indicating the distribution of coarse- 
grained bllocks. 
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