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ABSTRACT 

Forty-six new K-Ar age determinat ions are 
presented on whole rock samples and mineral 
separates from volcanic and subvolcanic 
rocks of Gran Canaria. The main subaerial 
shield building basaltic volcanism with 
est imated volume of about 1000 km ~ was 
confined to the interval about 13.7 m.y. to 
13.5 m.y. ago in the middle Miocene. Sub- 
stantial volume ( -  100km ~) of silicic volcan- 
ics (trachyte and peralkaline rhyolite) were 
erupted with no detectable time break 
following the basaltic volcanism, essentially 
contemporaneous with formation of a large 
collapse caldera at 13.4 ± 0.3 m.y. ago. Tra- 
chytic to phonolitic volcanism continued 
intermittently in the waning states of activity 
until about 9 m.y. ago. 

Following a long hiatus there was rcsu,- 
gence of volcanism with eruption of about 
100 km ~ of basanitic to hauyne phonolitic 
rocks of the Roque Nublo Group between 
about 4.4 m.y. and 3.4 m.y. ago in the Plio- 
cene. After a hiatus of less than 1.0 m.y., 
olivine nephelinite magmas were erupted 
and this activity continued intermittently 
until relatively recent times, the younger 
eruptives being mainly basanitic in composi- 
tion. The volume of volcanic products in 
this phase probably does not exceed 10 km:'. 
Thus the volume of all the resurgent volcan- 
ism comprises tess than 10 percent of the 
subaerially exposed part  of Gran Canaria. 

The results show- that the subaerial main 
shield building phase of volcanism in Gran 
Canaria, consisting of mildly alkali to tran- 
sitional basalts, occurred over a time interval 
that  was less than 0.5 m.y. Magmatic 

evolution on Gran Canaria appears  to be 
similar to that found on other  basaltic 
volcanoes in oceanic regions. Thus volcanoes 
in the Hawaiian, Marquesas and Society 
Islands all were built by basaltic lavas in 
similar short-lived episodes of volcanism. In 
some Hawaiian volcanoes, a resurgent  phase 
of volcanism o[ strongly undersa tura ted  
basalts of small volume is recognized follow- 
ing a long hiatus, again similar to that found 
on Gran Canaria. The relatively large volume 
of silicic lavas erupted in Gran Canaria 
immediately following the main basaltic 
shield building phase is, however, not match- 
ed in the Pacific volcanoes mentioned.  

INTRODUCTION 

The Cana ry  I s l ands ,  s i t u a t e d  in the 
At lant ic  Ocean  a d j a c e n t  to the  w e s t  coas t  
of n o r t h e r n  Afr ica ,  f o r m  an a p p r o x i m a t e l y  
l inear  vo lcan ic  i s land  cha in  (Fig. I). 
A l though  a rough  d e c r e a s e  in age  of  the 
vo lcan i sm is r ecogn ized  f r o m  e a s t  to 
wes t  a long  the  i s l and  cha in  (ABoEL-MoNEM 
et al., 1971, 1972; SCHMINCKE, 1967, 1973; 
AN6LTr'rA and  HERNAN, 1975), the  age  p r o g r e s -  
s ion a p p e a r s  not  to be as s i mp l e  and  
regu la r  as tha t  f o u n d  in o t h e r  vo lcan ic  
i s land  cha ins ,  fo r  e x a m p l e  in t he  Ha- 
wai ian ,  M a r q u e s a s  a n d  Soc ie ty  I s l a n d s  
in the Pacific Ocean (McDoUGALL, 1964; 
DUNCAN a n d  McDOUGALL, 1974, 1976). Indi -  
vidual  vo lcan ic  i s l ands  in t he  Canary. 
I s l a n d s  have  h a d  a long a n d  c o m p l e x  
e r u p t i v e  h i s to ry ,  in severa l  cases  ex tend-  
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ing over a per iod  of  more  than 10 m.y. 
(ABDEL-MONEM et  al., 1972). This is in strik- 
ing  cont ras t  wi th  the Pacific i s land chains 
in which the volcanism in individual  
volcanoes commonly  is confined to a t ime 
in terva l  of less than  one mil l ion years  
(McDou6ALL, 1964; DUNCAN and  McDou- 
CALL, 1974, 1976). 

The p resen t  s tudy was unde r t aken  to 
invest igate  the volcanic h i s tory  of Gran 
Canar ia  in more  detail ,  using the K-At 
method,  wi th  special  emphas is  on elu- 
c ida t ing  the ear ly  subaer ia l  history.  We 
shal l  demons t r a t e  tha t  while  Gran Ca~a- 
r i a  indeed has  had  a longer  and more  
complex  erupt ive  h is tory  than the Pacific 
volcanoes  ment ioned,  i t  shows, neverthe- 
less, a number  of  s t r ik ing s imilar i t ies ,  
h i the r to  not  fully recognized. In  par t ic-  
u l a r  we show tha t  t h e  clear ly identif iable 
ma in  basa l t i c  shield bui ld ing phase  of 
volcanism on Gran  Canaria  took place 
ove r  a per iod  of  less than  one mil l ion 
years .  

PREVIOUS WORK 
AND GENERAL GEOLOGY 

Gran Canaria  is a volcanic is land about  
45 k m  in d iamete r  a t  sea level, r is ing 
f r o m  ocean depths  of more  than 2500 m 
to an a l t i tude  of 1950 m. Fuer t even tu ra  
a n d  Lanzarote  to the  nor theas t  of Gran 
Canar ia  are  bui l t  ad jacen t  to the conti- 
nenta l  shelf  of Afr ica  whereas  Gran Ca- 
na r i a  appears  to have been cons t ruc ted  
on  oceanic c rus t  or  c rus t  tha t  is transi- 
t ional  between oceanic and  cont inental  
(DASH and BOSSHARD, 1969; B0SSHARD and 
MACFARLANE, 1970). The oceanic c rus t  in 
the vicini ty of the  Canary I s lands  is 
p r o b a b l y  of Mesozoic age as it  is in the 
magne t i c  quiet  zone (HEIRTZLER and 
HAVES, 1967; RONA et  al., 1970). 

Gran  Canaria  has  a long and  complex 
h i s to ry  and is bui l t  of a divers i ty  of 
volcanic  p r o d u c t s  encompass ing  a wide  
range  of  composi t ions.  Detai led descrip- 
t ions of  the  geology of  Gran Canaria  
were  given by  BOURCART and JEREMINE 
(1937), HAUSEN (1962), FUSTER et  al. (1968), 
and  SCltMINCKE (1967, 1968, 1969). Recently 

SCFIMINCKE (1976) reviewed the geological 
h is tory  of  the  is land and in t roduced  new 
s t ra t ig raphic  nomenc la tu re  which is used 
throughout  this  pape r  (Table 1). 

Three  m a j o r  subaer ia l  magma t i c  phases  
can be d i s t i agu ished  in Gran  Canaria,  
separa ted  b y - e r o s i o n a l  intervals .  The 
ear l ies t  magrnat ic  phase  resul ted  in the  
cons t ruc t ion  of a large  composi te ,  domi- 
nant ly  basal t ic ,  shield volcano, which 
encompassed  most ,  if not  all, of the 
presen t  a rea  of the  is land,  and  p robab ly  
extended for  several  k i lometers  to the  
west.  Trachyte ,  rhyol i te  and  t rachypho-  
noli te  lava flows and welded ash flow 
deposi ts  covered mos t  of this  large vol- 
cano. Emiss ion  of these silicic volcanics 
was accompanied  by  ca ldera  collapse.  
The ca ldera  so f o r m e d  was about  15 k m  
in d iameter ,  subsequent ly  t6 be  filled and 
la te r  in t ruded  by  a t rachy te  cone sheet 
swarm,  syeni te  bodies  and phonol i te  
dikes. 

Fol lowing a pe r iod  of erosion, a second 
cycle of magmat i c  ac t iv i ty  was ini t ia ted,  
the produc ts  of  which  were  alkal ic  silica- 
unde r sa tu ra t ed  basani te ,  ankarami te ,  te- 
phr i te ,  hauyne  phonoli te ,  essexite  and  
spec tacular  brecc ia  sheets  composed  of 
rocks  of s imi la r  composi t ions .  

A second eros ional  in terval  separa tes  
this f rom the th i rd  m a g m a t i c  phase  
which began wi th  the outpour ing  of olivine 
nephel in i te  flows, fol lowed by  the erup- 
t ion of mel i l i te  nephel in i te  and  basan i te  
flows f rom many  local centers.  This th i rd  
phase  of volcanism cont inued unt i l  Recent  
t imes.  

Li t t le  was known abou t  the age and 
dura t ion  of volcanism in Gran  Canaria  
p r io r  to the  s tudy  by  ABDEL-MO~M et  al. 
(1971), who  r epor t ed  28 K-Ar ages on 
rocks  f rom the  is land as pa r t  of a recon- 
naissance geochronological  s tudy of  all  
the Canary  Is lands .  They obta ined  ages 
in the  range 16 to 9.6 m.y., 3.5 to 3.7 
m.y . ,  and  several  ages in the range 2.0 
to  2.8 m.y. for  rocks  of the  first, second 
and th i rd  magmat i c  phases,  respectively.  
Ln~TZ and SCt~INCKE (1975) presented  
K-At resul ts  on 12 addi t ional  samples  
f rom the second and th i rd  phases.  In  the 
presen t  s tudy we have concent ra ted  on 
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the  dating of the volcanism of the first 
phase, al though some measurements  
were  also made  on rocks f rom the 
younger  formations.  

METHODS 

Samples were collected jointly by both  
authors .  Samples f rom several of the localities 

of ABDEL-MONtE1V~ et  al. (1971) were recollected 
for  compar ison purposes.  

A thin section made  f rom each sample  was  
examined under  a petrographic  microscope 
to determine whether  the sample would be 
suitable for age determination.  A number  
of rocks contained alkali feldspar,  amphibole 
or  biotite in sufficient amount  and a large 
enough grain size to pe rmi t  mineral sepa- 
ration which was carried out using heavy 

TABLE I STRATIGRAPH C SEQUENCE OF VOLCANIC ROCKS IN ORAN CANARIA (after Schmincke, 1976) 

POST 

ROQUE 

NUBLO 

VOLCANICS 

GROUP 

ROQUE 

NUBLO 

,GROUP 

La CalderiI la Formation: Basanite pyroclesttc cones and lava flows 

EROSIONAL UNCONFORMITY 

Unnar~d basanlttc pyroclastics and lava flows 

Los Pechos Formation; Ve l i l i t e  nephelinite lava flows 

EROSIONAL UNCONFORMITY 

Llanos de La Paz Formation: Olivine nephellnite lava flows 

MAJOR EROSIONAL UNCONFORMITY 

Unnan~d younqer ankaramib~s and tephrites at La Fortaleza 

Tep~.~ni~uada Formation: Endogeneous domes and laves of hauynophyre 

A~acata Formation: Lapil l  i breccia sheets of phonolit ic tephrlto 

P resa de Hornos For~natio~ Essexite, hauynophyre, basanite and tephrlte laves and intrusives 

EROSIONAL UNCONFORMITY 

Los Listos Formation: Basanltic and tephritlc pyroclastlc brecclas and lava flows 

Mesa de JunquiIlo Formation: Alkali basalt, ankaramite, tephrite lava flows 

El Tablero For~a~lon: Local olivine nephelinite lava flows 

~JOR EROSIONAL UNCONFORMITY 

Tejeda Formation: Syenite bodies, trachyte cone sheets and phonoltte dikes 

Honta~a Homo Foliation: Tuff, breccta, tgntmbrite of rhyol i t ic  to phonolit ic composit$on. 
In pert equiyelent to Megan and Fataga FO~t~ons. 

Fa~ga Formation: Trachyphono]ite to phonollte ]avas and tgnirrbr(tes 

Hogan Fomation: Trachyte to rhyol i te laves and ignimbrites 

LOCAL ERO$%ONAL IJtiCONFORMITIES 

Hogarzales Formation: Aphyric to phyric hawa|ltes and mugearttes 

EROSIONAL UNCONFORMITY 

Guiaul Formation: PorPhyritlc alkali bosalts, cut by dikes 

)- 

t ]ntracaldera 

Extracaldera ~ 

3~ 
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l iquids and a magnet ic  separator .  The grain 
pur i ty  of the  minera l  separa tes  normal ly  
was be t t e r  than  98 percent .  Most of the 
basal t ic  rocks were too fine grained for 
minera l  separa t ion  and  therefore  were 
measured  as whole rock samples.  Only 
those  samples were accepted for  dat ing tha t  
were well crystall ized and vir tually free of 
al terat ion.  In several cases, however,  rocks  
conta in ing some glass or  poorly crystallized 
mesostas is  were used for  whole rock dating. 
Pet rographic  descr ipt ions of the  samples and  
locality details are  given in the  Appendix. 

The whole rock samples  were c rushed  to 
a size of 0.5 to  1.0 mm,  an  aliquot was taken 
and  crushed to less than  0.1 m m  and reserv- 
ed for  po tass ium analysis by flame photom- 
etry. In the case of minera l  separates  the 
po tass ium and argon were measured  on 
al iquots which were not  c rushed  fur ther .  
Argon was de te rmined  by  isotope di lut ion 
wi th  ~SAr as the  t racer  p repared  f rom a gas 
p ipet te  system. Normally  10 to 15 g of  the  
coarser  crushing of the  whole rock, and up 
to 2 g of minera l  separate,  was used for  
a rgon extraction.  The whole rock samples  
were not  baked  in the argon extract ion line 
above about  120~C pr ior  to  the  extract ion of 
a rgon to minimize the  possibi l i ty of isotopic 
f rac t ionat ion of a loosely air  argon compo- 
nent  of the type described by BAKSI (1974). 
Following fusion of the sample in the 
extract ion line and  purif icat ion of the gases, 
the isotopic composi t ion of the argon was 
measured  in a substant ia l ly  modified AEI 
MSI0 mass  spec t romete r  fitted with a 4.2 
kilogauss p e r m a n e n t  magnet .  An automat ic  
swi tching device was used to a l ter  the  ac- 
celerat ing voltage to focus the  ion beam for  
individual  masses  on  the Faraday cup col- 
lector, and base lines also were measured  
between the  peaks.  The ion beams  were 
detected wi th  a Cary 401 electrometer ,  fed 
to a voltage to f requency conver tor  and  a 
counter - t imer  and  then  directly on-line into 
a Hewlett-Packard 2116B compute r  in which 
all da ta  reduct ion was done. Es t imates  of 
precision,  give in the  tables  of results,  are 
der ived directly f rom the  precis ion of the  
physical measu remen t s  (McDoIJGALL et al., 
1969), and  the uncer ta in ty  quoted is arr ived 
a t  by  quadrat ical ly  combining  the  precision 
f rom the potass ium,  t racer  ca l ibra t ion and 
isotope ra t io  measurements .  Cons tants  used 
in the  calculat ion of ages were:  ~,o = 
= 0.585 X 10-'°y-'; ~ = 4.72 × 10-'ay-'; 
4°K/K = 1.19 × I0 * reel/reel. 

The philosophy adopted in this study has 
been to measure K-Ar ages on a relatively 
large number of samples in known strati- 

graphic  re la t ionship to one another .  Such 
an  approach allows the basic  assumpt ions  
tha t  are made  in calculat ing a K-Ar age 
f rom the analyt ical  da ta  to be evaluated 
th rough  consis tency or  otherwise of the 
results.  

R E S U L T S  

The  r e s u l t s  o f  t h e  K-At d a t i n g  a r e  dis- 
c u s s e d  b e l o w  in  s t r a t i g r a p h i c  o r d e r  f r o m  
o l d e s t  to  y o u n g e s t ,  f o l l o w i n g  t h e  s t r a t i -  
g r a p h i c  f r a m e w o r k  s h o w n  in  T a b l e  1. T h e  

F 
1 e o W O~O~W~CH 17 o 

• ~ o  4 r z ~ N . r / ¢  OCEA• .AtCZARO1~ff,,,'--~ 

H I g N R O  G R A  C A f l l A  

I . I I J ] 

FIG. 1 -  Map of the Canary Is lands  and  
par t  of Africa. 

p h y s i c a l  t i m e  sca l e  u s e d  in t h i s  w o r k  
fo l lows  t h a t  s u g g e s t e d  b y  BERGGREN a n d  
VAn COUVERING (1974) w h o  p lace  t h e  Oli- 
g o c e n e - M i o c e n e  b o u n d a r y  a t  a b o u t  23 
m.y.,  t h e  M i o c e n e - P l i o c e n e  b o u n d a r y  a t  
5.0 m.y., a n d  t h e  P l i ocene -P l e i s t ocene  
b o u n d a r y  a t  a b o u t  1.7 m.y. T h e  K-Ar 
r e s u l t s  a r e  g i v e n  in  T a b l e s  2 to 5. 

Guigui and Hogarzales Formations 

The  o l d e s t  e x p o s e d  r o c k s  o n  G r a n  Ca- 
n a r i a ,  r e p r e s e n t i n g  the  m a i n  sh i e ld  bu i ld -  
ing  p h a s e  of  v o l c a n i s m ,  a r e  n e a r l y  flat- 
ly ing  t h i n  b a s a l t i c  l avas  a b o u t  1000 m 
t h i c k  w h i c h  o c c u r  m a i n l y  a d j a c e n t  to  t h e  
w e s t  coas t  (Fig.  2). T w o  f o r m a t i o n s  a re  
d i s t i n g u i s h e d  b y  SCHMINCKE (1976), t h e  
o ldes t ,  t h e  Gu igu i  F o r m a t i o n ,  c o n s i s t i n g  
o f  t h i n  b a s a l t i c  f lows o f  m i l d l y  a l k a l i n e  
to  t r a n s i t i o n a l  c o m p o s i t i o n ,  l oca l ly  cu t  
b y  dikes .  T h e s e  b a s a l t s  r a n g e  f r o m  
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GRAN CANARIA 

. . . . . . . . . .  , ? ~  

{~ ~ SEOIMENTARY ROCKS AND m EL TABLERO FORMATION ~ MOGAN FORMATIOi~, 
AE LUVIL!M 

PLIOCENE,*OUATERMARY [ ~  TEJEDA FORMATION ~ HOGARZALES GUIC, u' 
~: ORMATIONS FORMATIONS 

~LT'~ ROOUE NUBLO FORMATIONS ~ FATAOA FORMATION ~ MIOCENE CALDER,~ PER~ME TER FAULT 

FIG. 2 - Simplified geological map of Gran Canaria showing sample localities and K-AF 
ages. Geology simplified after Ft:ster et  al. (1968) and SCltMtXCKE (1967. 1968). Map modified 
from SCHM~nCKE (1976). Numbers are ages in millions of yeal-s; numbez-s in parentheses arc 
sample numbers. 
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aphyr ic  to p o r p h y r i t i c  lavas conta ining 
abundan t  olivine o r  olivine and clino- 
py roxene  and r a r e r  p lagioclase  pheno- 
crysts .  This fo rma t ion  is well  exposed 
on the west  coast  be tween El Puer t6  and 
Bar ranco  de Tazar t ico (Fig. 2), and  five 
samples  have been  da t ed  f rom this  area  
(Table 2). Two samples  (GC28, GC29), 
col lected at  sea level a t  the m o u t h  of 
Bar ranco  de Tazart ico give concordant  
ages of  13.8 m.y., and are  th6ught  to  be 
the  s t ra t ig raph ica l ly  lowest  samples  col- 
lected.  Both rocks  are  fresh, holocrys-  
talline, ol ivine-bearing basa l t s  showing 
only minor  a l tera t ion,  and this  fact  
toge ther  wi th  the concordancy  of the  
resul ts  gives us confidence tha t  the  
measured  ages app rox ima te  closely the  
age of crys ta l l iza t ion of the lavas. Sample  
GC6 is f rom a flow wi th  olivine pheno- 
crysts  nea r  El Puerto  and yields a s l ightly 
younger  ca lcula ted  age of 13.6_ 0.3 m.y. 
and  is cut  by  a 1 m wide dike, a sample  
(GC7) f rom which  gives an  age of 
13.5 ± 0.3 m.y. These ages are  not  signif- 
icant ly  different f rom those found  for  
the samples  f rom Bar ranco  de Tazart ico,  
and the bes t  es t imate  of  age of the  
Guigui Fo rma t ion  is given by  the average 
of all four  resul ts ,  13.65 m.y., wi th  a 

s t a n d a r d  deviat ion of 0.14 m.y. The  
average age of 13.3 m.y. for  the  basa l t  
s ample  GC26 (Table 2) f rom the  Guigui 
Fo rma t ion  would appea r  to be  sl ightly 
too young on this basis ,  p r e suma b ly  
because  of some loss of rad iogenic  argon. 
This basa l t  contains  a few percent  of  
poor ly  crysta l l ized mesos tas i s  and  sporad-  
ic c lay filled vesicles and  this ma te r i a l  
m a y  not  have re ta ined  its radiogenic  
a rgon quant i ta t ively.  Nevertheless ,  includ- 
ing the  resul t  on GC26, the overal l  m e a n  
age for  the  Guigui F o r m a t i o n  is 13.59 ± 
0.20 m.y. When p lo t t ed  On an  i soch roa  
d iag ram (MCDOUGALL et al., 1969), in which 
~Arp~Ar is the o rd ina te  and ~K/~Ar is the  
abscissa,  the Guigui basa l t  da t a  give a 
regress ion line wi th  a s lope equivalent  to  
an age of 13.50 ± 0.16 m.y. (Fig. 3); he re  
the quoted  uncer t a in ty  is one s t anda rd  
deviat ion.  Collectively, the resul ts  s t rongly  
suggest  t ha t  the  basa l t s  of the  Guigui 
Fo rma t ion  were e rup ted  over  a r a the r  
shor t  in terval  of t ime, p robab ly  less than  
0.3 m.y., a t  about  13.7 m.y. ago. 

In  the  vicini ty  of El  Puer to  on  the wes t  
coast  the lavas of the Guigui Forma t ion  
have been eroded and  a younger  series of  
volcanics,  the Hogarzales  Format ion ,  
overlie this  erosional  unconformi ty  (see 

TABLE Z POTASS[LIH-A]~GO~ AGES ON gHOLE ROCK 5AHPLES FROR SHIELD BUILDING BASALTS OF GUIGU! AND HOGARZALES FORHATIOffS. GR¢~ CM(ARrA 

Field Lab. 
No. No. 

Naterial (wt~ ~.] Rad. 4OAr 100 Rad. 4OAr Calculated Age 
(l~g) Total ~ (m.y.)_+2 s.d. Locality 

Hogarzales For~tJon 

GCZ2 74~187 

GC23 74-188 

GC15 74-180 

~C13 74-178 

GC14 74-179 

GCll 74-176 

Gui)ui ~ormat$on 

GC7 74~172 

~,C6 74-171 

GC2~ 74-I92 

6CZ8 74-194 

GC2g 74-195 

Ha~aifte 1.156.1.156 2.798 88.2 13.5+0.3 
2.821 80.1 13.7T0.3 

Hawai~te 0,947,Q.949 2.273 88.0 13.4~0.3 
2.252 82.7 13,3--_+0,3 

Hawaitte 1.447,1.456 3.424 79.7 13.2~0,3 

I~watlte 1.184.1.18¢ 2.756 7S.B 13.0~0.3 

H4waJJte 1,321,1.312 3.078 74.4 13.1+O,3 

H~wa~ite 0.gQ5,0_gG9 2,141 77.2 T3.2~0.3 

Basalt ¢.924,0.932 2.235 81.0 13.5_+0.3 

Basalt 0,642,0.E35 1.553 74.4 13.6~0;3 

~asalt O,B23,O,G17 1.924 58.2 13;1+O.3 
1.98] 51.G' 13.5,0.3 

Basalt 0.813,0,814 2.0241,973 64.15],0 13'9+0'3113.G~0.3 

Basalt Ll17.1.121 2.7~5 56.5 13.8+~.3 
2.766 "51.6 13.8~0.3 

Altttude l 
420 m San Nicolas to AgaeLe 

road. about 2 k~Sg 
of Montana Glan~a 

Altitude 4]0 m between 60 and 61 km 
n~sts 

Altitude 350 

Altitude ~lO0~/ g COast, ~ . 5  km fl of 

AltlLu~e ~!~Om [ puerto de la Aldea 

0.7 .km E O~ ~ coast a¢ E1Puerta 

1 m w~de dike ~ 0;5 ~m SE of E1 P~er¢o, 

flow cut by GC~ W Coast 

0,9 km from ~ ¢os~t, B~rranco de 
Tizartico 

W co~st a~mouCh of Bcrr~nco de 
Tazartico 
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fig. 13 in SCI-IM]NCK~, 1968). The Hogar- 
zales lavas are gently dipping like the 
under lying lavas and  consist  of thick 
hawaii te to mugeari te  ( trachybasalt)  flows 
and locally, particularIy to the nor th  of 

~aoo 

2400 

~oo 

,x~c. 

~eoo 

o - -  

R~GRESS~JN RESULTS 

~,. "to i~ 90 

"°Kp'A, (,to') 

FIG. 3 - Potassium-argon isochron diagram 
showing the results from the shield building 
basalts and the related silicic volcanics. Sam- 
ples identified by the field number. Replicate 
analyses are identitied and A refers to am- 
phibole, F to alkali feldspar and WR to whole 
rock. Regression results, calculated by the 
method of YORK (1969), are shown with er- 
rors quoted at one standard deviation. Note 
that in general a t  the level of two standard 
deviations the intercept value on the '°Ar/-~Ar 
axis does not differ significantly from the 
atmospheric argon value of 295.5 Line drawn 
on diagram is the least squares regression 
through all the data points. 

San Nicolas, olivine phyric and plagio- 
clase phyric basalts are common. At An- 
den Verde, 5 km nor th  of San Nicolas, 
adjacent  to the northwest  coast, this 
formation is overlain conformably by a 
composite rhyolite-mugearite flow and 
silicic volcanics of the Mogan Formation.  

Six samples were dated from the Ho- 
garzales Format ion  (Table 2). Sample 
GCll  is a platy, fine grained, somewhat 

oxidized hawaiite adjacent  to the erosion- 
al unconformi ty  with the Guigui Forma- 
tion, 0.7 km east of the coast at  E1 
Puerto, and  yields a K-Ar age 13.2 ± 0.3 
m.y. This suggests that  the erosional 
interval  between the two formations is 
short, probably no more than 0.5 m.y. The 
remaining  five ages, ranging f rom 13.6 to 
13.1 m.y., on Hogarzales Format ion  lavas 
were determined on samples f rom the 
well-exposed sequence adjacent  to the 
coast between San Nicolas and  Anden 
Verde. The mean  of all six ages and stand- 
ard deviation is 13.24 +_ 0.21 m.y., only 0.4 
m.y. younger  than the mean  age for the 
Guigui Formation.  However,  the strati- 
graphically highest lava dated (GC22), 
about  100 m below the base of the overly- 
ing Mogan F o r m a t i o n ,  yields a reproduc- 
ible age of 13.6 m.y., which is con- 
cordant  with the age of the Guigui 
Format ion  samples. This age is signif- 
icantly older than  those determined on 
the four samples lower down in the same 
sequence, suggesting that some loss of 
radiogenic argon may have occurred from 
these four samples. In  this connection it 
may be noted that GC13, 14 and 15 in 
par t icular  are finely vesicular and conta in  
small  amounts  of yellow clay and have 
fine grained to cryptocrystal l ine ground- 
masses, whereas GC22 is a dense, very 
fine grained but  well crystallized rock 
and is therefore likely to retain radiogen- 
ic argon better.  On the isochron diagram, 
data from the Hogarzales Format ion  are 
well correlated and yield an isochron age 
oE 13.3 _+ 0.3 m.y. (Fig. 3), not resolvably 
younger  than the age of the under ly ing 
Guigui Formation.  

The K-Ar ages On lavas from the Guigui 
and Hogarzales Format ions  collectively 
indicate that the shield building, domi- 
nant ly  basalt ic rocks of Gran Canaria 
were erupted over an interval of time of 
substant ial ly less than I m.y. and prob- 
ably less than 0.5 m.y. 

Our generally concordant  results con- 
trast  with those of ABDEL-MONEM et al. 
(1971) who reported K-Ar ages ranging 
from 10.2 to 16.1 m.y. On five basalt ic 
rock samples f rom Basaltic Series I of 
FUSTER et  al. (1968). F rom the localities 
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given in their paper the samples dated 
by ABDEL-MONEM et  al. appear to have 
been collected from the Hogarzales For- 
mation.  The two youngest  ages of 10.2 +_ 
0.7 m.y. (GCU10, GCUll )  found by ABDEL- 
MONEM et  al. (1971) may reflect consid- 
erable argon loss. The older apparent  
ages, which range from 15.0 to 16.1 m.y., 
are more difficult to unders tand.  The 
only plausible explanation is that  there 
was laboratory-induced fract ionat ion of 
the atmospheric argon component  in the 
samples during bakeout  in the vacuum 
system prior to argon extraction. Such 
a s i tuat ion could have led to improper  
correction for atmospheric *OAr and caus- 
ing the calculated ages to be too great 
(cf. BA~SL 1974; McDoUGALL et al., 1976). 
Such effects are part icularly noticeable 
in rocks that are altered or weathered 
and contain clay minerals.  

M o g a n  F o r m a t i o n  

The shield building basalt ic lavas of the 
Guigui and Hogarzales Formations are 
overlain, usually conformably,  by up to 
500 m of silica-oversaturated to sa turated 
trachytic to rhyolitic lavas and ignim- 
brites of the Mdgan Formation.  The 
sequence, which becomes increasingly 
peralkaline upwards, is shown diagram- 
matical ly in Fig. 4. 

The basal uni t  of the Mogan Format ion  
is a distinctive soda-rich rhyolitic ignim- 
bri te  (P1) that grades upward into a 
mugeari t ic  lava, and therefore is best  
described as a composite flow (ScHMIN- 
CKE, 1969). This un i t  is very widespread 
as it crops out over at least 200 kmL 
Alkali feldspar (anorthoclase) and am- 
phibole (edenite) phenocrysts, which 
are common in  the lower par t  of 
the cooling unit ,  were separated from 
two samples (GC19, GC20) collected at a 
locality on the road adjacent  to the 
nor thwest  coast at Anden Verde, near  
Montafia Blanca. Here the composite flow 
lies conformably on the basaltic lavas of 
the Hogarzales Formation.  The K-At ages 
(Table 3) are virtually concordant  at 

13.5 +__ 0.2 (s.d.) m.y., and  experimentally 
indist inguishable f rom the mean  ages 
for the underlying shield bui lding basalts.  
Thus no significant hiatus in the volcan- 
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Fro. 4 -  Diagram illustrating the stratigra- 
phy of the Mogan Formation and the lower 
part of the Fataga Formation (after SCHMIN- 
crz, 1969, 1976). Measured ages are indicated; 
the error of each age is 0.3 m.y. at the level 
of two standard deviations. 

ism is indicated between the Hogarzales 
Format ion and the Mogan Formation;  
this is consis tent  with the geological 
evidence of conformable  relationships 
and no erosional break between the 
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basal t ic  rocks and the composite flow 
(SCHMINCKE, 1967). ABDEL-MoNEtVI et al. 
(1971) obtained an age of 13.1--+ 0.5 m.y. 
for feldspar separated from the same 
composite flow at the same locality, in 
good agreement  with our  results. How- 
ever, they also reported a K-Ar age of 
15.0 + 0.4 m.y. on a whole rock sample 
of sodarhyolite (GCUI5) overlying the 
composite flow. The inconsistency of the 
ages was noted  by ABDEL-MONEM et  al. 
(1971), and it  is now clear that  the older 
age is erroneous. 

Age measurements  also were made on 
alkali feldspar phenocrysts  separated 
from four  other rhyolitic lavas or ignim- 
bri tes of the Mogan Format ion  from 
near  the southwest coast of Gran Canada  
in the vicinity of Barranco de Tauri to 
(Table 3; Figs. 2 and 4). These ages range 
from 13.8 ± 0.3 m.y. (GC39) to  13.1 ±0.3 
m,y. (GC42) the lat ter  samples being 
from ignimbri te  E, the stratigraphically 
highest member  in the Mogan Format ion 
(ScHMINCKE, 1976). ABDEL-MONEM et al. 
(1971) also obtained an age of 13.1 +_ 0.3 
m.y. on a sample (GC90) from ignimbri te  
E. Alkali feldspar (GC38) from a rhyolite 
dike cut t ing the older basalts  and Cor- 
related with the Mogan Format ion volcan- 

ics gives an age of 13.3 _ 0.3 m.y. A whole 
rock sample (GC44) from the trachybasal t  
lava T4 in  the Mogan Format ion yields a 
younger age of 12.5 m.y., inconsis tent  
with the Other results; we conclude that 
this sample has lost some radiogenic 
argon by diffusion, al though it  is well 
crystallized and relatively fresh. 

The spread in apparent  ages f rom 13.8 
to 13.1 m.y. for the feldspars f rom the 
Mogan Format ion  is greater than expect- 
ed from experimental  error  alone, suggest- 
ing that  a difference in age has been 
detected, or  that excess argon occurs in 
some samples, Or that  there has been 
open system behaviour.  I t  is difficult to 
dist inguish unambiguous ly  between these 
possibilities so that it is probably  best  
to accept all the ages on minera l  sepa- 
rates at face value. Giving uni t  weight to 
the results from each sample, we obtain 
a mean age of 13.48 _-+-0.25 (s.d.) m.y. for 
the Mogan Formation,  virtually the same 
as the age obtained using the isochron 
approach (Fig. 3). As this age is statisti- 
cally indist inguishable from the age of 
the basaltic shield building volcanism we 
conclude that the change from basaltic 
to rhyolitic volcanism occurred with no 
significant or detectable t ime break. 

FARLE 3 POTASSIUM-ARBOR AGES ON SAMPLES FROM MONT~ HORNO AND MOGAR FO~i~TION$, 
G~ CANAR IA 

~teld Lab. 
~0. NO. RemteriM {wt.~) 

Rad. BOAr l~ Rad. 4QAr Calculated Age 
(lO "ll mol/9 ) Total A ~  (m.y.)t2 s.d, LOcality 

Intracaldera ruffs and rh~oI~tes_.~ta~ ~o~noFo~q~T~n~ 

~3~ 74-203 Alka l i  feldspar 4.411,4.387 

GC35 74-20l Alkal i  feldspa~ 4.501,4.523 

Extracaidera 19ni~r i tes and ] lows (Mo~nFp_.w~__tion) 

GC42 7d-ZOB Alka l i  feldspar 3.g85,3. 991 

GC45 74-211 Alka l i  feldspar 2.893,~.911 

~C44 7~ZI0 Trachybasal t I~069 ,1,070 

GC43 ?4-2Og Alka l i  feldspar 3.995.3,987 

GC3g 74-205 Alkal ~ feldspar 1.579.1.57i~ 

GC~ 74.Z04 Alka l i  Fel d~par 1.561 .U552 

Alkali re1 dsp~r 2.08B.2.eB6 
GCZO 74-1~5 Amphibole 0.518,0. 519 

AlkaI ~ fel~sF~r Z.~42 .Z.034 

6E19 74-184 
#~phtbole 0.515,0.509 

10.50 35.0 13,4~'0.4 

I0.80 6Z. 7 13.4~0. ]r 

9.30 87. Z 13.1_.~.3 

7.1l T9.9 [3.g~0.3 
7 . O~ ~ 51 ~ 13.6¥_0.3 

2.39 78.6 1~,5*0~3 

9,S~ 86,g 13.4~0.3 

3, gO 8B. Z i3 .~+0.3 
3,B6 ~ . 4  13,7+0.3 

3./1 83.3 13.3+0.~ 

¢.99 87.8 13.4+0.3 
1.Z48 54.0 1L5~ .3  

i 5.0T 85.1 I .~. B+ 0.3 
13.7~ 0.3 ~,98 8Z,5 

13.2~ 0.3 1.~?03 54,3 
1.246 43.7 13.4~ 0.4 

Rhyolite, caldera m~rgin. Monta6a HOmo 

Basal kuff, caldera wall, Montana Homo 

Iqnimbrite E 1 Coastal r~d, O.S - 

lgnimbrike A I 1.5 kr~ E to GE of 
Puerto de Hogan, SW 

Trachybasal& [4 I ~oast near 8~rr~nco 
Ignt~aeite X de Taurl4o 

R~oHte Vl, 1,'$ km ~NE of 
Puerto de Moran 

Rhyolite d~e, 3 km NNW of V~n 

Composite ,-~i~lite-basa[¢ flaw Pi, 

Montana glanca on San ~coIa~ - ~aete 

roan, adjutant ro NW coast, aHitude 

S30 m. 
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Monta~a  H o m o  Format ion  

Major  col lapse  of the basa l t i c  shield 
volcano resul ted  in the  fo rma t ion  of a 
ca ldera  about  15 k m  in d i ame te r  and  at  
leas t  1000 m deep (ScHMINCKE, 1967, 1968). 
The trace of  the ca ldera  marg in  is indi- 
ca ted  on the map  (Fig. 2). At leas t  some, 
if  not  most  of  the  col lapse  occur red  af te r  
e rup t ion  of the composi te  flow PI,  which 
is everywhere  cut  b y  the ca ldera  fault  
and  which is not  found exposed within 
the  caldera.  The collapse s t ruc ture  was 
filled by a sequence of rhyoli t ic ,  t rachyt ic  
and t rachyphonol i t ic  tufts, flows, ignim- 
br i tes  and  intrusions,  which toge ther  
compr i se  the Montafia  H o m o  Format ion .  

Samples  were  collected f rom the south- 
e rn  flanks of  Montafia Horno  at  the 
ca ldera  margin ,  5 km nor th  of Mogan in 
the southwestern  par t  of the island. 
Sample  GC35 is a green unwelded  pumice  
flow deposi ted  on the inside of the 
ca ldera  and only separa ted  f rom the 
shield bui ld ing basa l t s  by  the caldera  
marg in  fault.  Sample  GC37 is a rhyoli t ic  
in t rus ion about  100 m f rom the ca ldera  
marg in  and within the  caldera.  Alkali 
fe ldspar  separa ted  from these two sam- 
ples yield identical  K-At ages of 13.4 m.y. 
(Table 3). Thus we have an age of  13.5 __ 
0.2 m.y. for  composi te  flow P1, the erup- 
tion of which preceded  ca ldera  collapse, 
and  ages of 13.4_+ 0.3 m.y. for  two 
samples  f rom the Montafia Horno  For- 
mat ion  which were  e rup ted  subsequent  
to ca ldera  format ion.  These ages are 
indis t inguishable  f rom one another  and 
wi thin  the er rors  cannot  be d is t inguished 
f rom the ages on the shield bui lding 
basaI t s  or  those measured  on the Mogan 
Format ion .  We conclude that  al l  these 
events took p lace  over  an interval  of 
t ime not  resolvable  by  the K-At dat ing 
method,  p robab ly  in less than 0.5 m.y. 

Fataga Format ion  

The sl ightly sil ica u n d e r s a t u r a t e d  tra- 
chytic  to phonol i t ic  ignimbr i tes  and lavas 
of the  Fa taga  Fo rma t ion  general ly  lie 

conformably  on the s i l ica oversa tura ted  
volcanics of the Mogan Fo rma t ion ;  locally 
a th in  conglomera t ic  bed  occurs  be tween 
the top of the Mogan (rhyoli t ic  ignimbri te  
E, Fig. 4) and  the  base  of the Fa taga  
( t rachyt ic  ign imbr i te  F) Format ions .  

Five K-At ages were  measured  on sam- 
pies f rom the  Fa taga  Fo rma t ion  (Table 4). 
Alkali  f e ldspa r  separa ted  f rom samples  
f rom two of the  basa l  cooling units  
( ignimbri te  G and lava  flow L1) overlying 
the Mogan Fo rma t ion  in Bar ranco  de Tau- 
r i to  give ident ical  ages of 12.6 4-0.3 m.y. 
Although the Mogan and Fa taga  Forma-  
tions are conformable  and locally only 
separa ted  by a thin bed  of Conglomerate, 
the K-Ar ages suggest  that  the re  may  
have been a h ia tus  between them in 
the  o rde r  of 0.5 m.y. Between Maspa- 
lomas  and Fataga ,  in the southern pa r t  
of  Gran Canaria,  two samples  (GCA6, 
GC47) f rom a ph0nol i te  uni t  f rom the 
u p p e r  pa r t  of the  fo rma t ion  yielded K-Ar 
ages on alkal i  f e ldspa r  averaging 11.9 +-- 
0.3 m.y. and  11.1 +_-0.3 m.y. respectively.  
The difference be tween the ages is outs ide 
that  expected f rom exper imenta l  error  
alone; we do not  have a sa t is factory  
explanat ion  for  tiffs discrepancy.  ABI)EL- 
MONEM et aI. (1971) da ted  a whole rock 
sample  f rom the same local i ty  at  10.3-4-_ 
0.1 m.y., which is a significantly younger  
appa ren t  age than we  obta ined  on sepa- 
r a t ed  alkal i  f e ldspar  phenocrysts .  This 
may  be  because  of a rgon loss f rom the 
sample  that  ABDEL-MONEM et al. dated,  
as in the samples  that  we collected the 
groundmass  fe ldspar  and  nephel ine show- 
ed considerable  deuter ic  al terat ion.  

On the nor theas t  coast  of Gran  Canada ,  
about  6.5 k m  south of Las Palmas,  a 30 m 
thick phonoli te  lava crops out. A sample  
(GC80) f rom this flow yie lded  concordant  
ages of 9.7 and 9.8 m.y. on whole  rock  
and  separa ted  a lkal i  fe ldspar  phenocrys t s  
respectively;  these a re  in such good 
agreement  tha t  there  can he l i t t le  doubt  
tha t  this  is the age of  e rup t ion  of this 
lava  which is co r re l a t ed  with the  Fataga  
Format ion .  ABDEL-MONEM et  al. (1971) 
measu red  K-Ar ages on two whole rock  
samples  f rom this same unit  and obtain-  
ed ages of 9.6+_0.1 m.y. and  9.8_-_0.1 
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TABLE 4 POTASSION-AAGON AGIES ON SAN>LES F'ROH FATAGA AND TE~EDA FORffATION$, 

GRAB CANANIA 

Fteld Lab. Natertal g Paid. lOAf 100 Red. 4OAr Calcula~d 
rio. r~, (wt.%} (10 "11 mo1/9) Total ~ Age (m.y.) 

• . 2  ~.d. 

Extrac~ldera phonollt~ (Fataga Fereltlon) 

Phonoltte 4.S53~4.546 7.89 93.6 9,7 ÷ O.Z} 
GCSO 74-93 Alka11 feldspar 5.057,$.038 8,84 92,0 9.8 ~ 0.2 

GC47 74-213 Alkal l  feldspar 5.474.5,455 10.80 39,4 t1,1+ 0.3"[ 
10.76 39.9 11.0~ 0.3 

I GC46 74-212 AlkaH Teldsper 5.353,5.297 11.59 65.8 12.2+ 0.3 
11.I7 43.B 11,7~ 0+4 

GC41 74-207 Alkal i  feldspar 4,640,4.557 10.20 85.2 12+6+ 0.3 

GC40 74-2(]6 Alka11 fe:Tdspar 3.474,3.501 7.B2 94.5 12.6~ 0.3 

.Intre~T~rl sTenftes an~ ~onolItes (Te~edm For~ttoe) 

C~S 74-170 PhoelOl|te 4.080,4.068 6.33 77.6 B,7~ O.l 

GC3 74-168 81ot]te 7.398,7.398 lS,72 54.9 11.9~ 0.3~ 

J GC4 74-16g Stotlte 7.410,7.33B 15.55 66.3 1t,8+ 0,3 

Local i tl/ 

30 m fJ~tck flmv, Punta c[el Palo, 
E coast, 6.5 k~ S of La$ Pt,1~$ toward Gando 

Phano)Jte f1ow(~), 5 km N Of Hasp~lmaas 

re~d to Fa~ga 

T~chphonoHte lava L] 1 $~/ Coast near 

Igntnlb~|~ G f Barran¢o de Taurtto 

Dtke, 11 m wide, 200 m~l~of Paral l l lo  dam 

Syen|te tnt~stves, JusL belowParal] l lo 

dam. road Artenara to San Nicolas 

m.y., in excellent agreement with our 
results. 

Our data iudicatc that the phunolite 
flows included within the Fataga For- 
mation were erupted over a rather long 
interval of time, in the order of 3 re.y,, 
following the main shield-building basaltic 
and trachytic-rbyolitic phase. 

Tejeda Formation 

Within the deeper parts  of the present 
erosion caldera of Gran Canaria, to the 
west and south of Tejeda, are exposed sev- 
eral syenite intrusives, numerous young- 
er trachyte dikes (cone sheets) and 
some still younger phonotite dikes, all of 
which are considered by SCHMINCKE (1967) 
to be younger than the basaltic shield- 
building phase, contras t ing with some 
earlier views (e.g., HAUSEN, 1962) that 
they preceded the construct ion of the 
main basaltic volcano. Prior to the pres- 
ent study no age determinat ions were 
available for this formation. 

Biotite from two samples (GC3, GC4) 
of relatively coarse grained intrusive 
syenite near  Paralillo dam yielded con- 
cordant  ages of 11.9 and 11.8 m.y. (Table 
4). The ages are in the range of those 
found [or the Fataga Formation,  support- 
ing the interpreta t ion of SCHMINCKE (1967) 

that the two formations arc coeval. A 
phonolite dike in t ruding syenite and the 
trachytic cone sheet swarm near Paralillo 
dam gives an age on a whole rock sample 
(GCS) of 8.7 m.y., somewhat younger than 
the youngest age found for the phonoli tes 
of the Fataga Formation.  

El Tablero Forrnation 

Most authors have recognized a major  
erosional gap between the main  shield 
building phase of volcanism and the 
younger more alkalic formations compris- 
ing the Roque Nublo Group. However, in 
the southern part  of the island a few 
local occurrences of obviously valley fill- 
ing llows were recognised (HAusI:N, 1962; 
SC~MINCKE, 1968). A nephclini te  flow of 
this kind at E1 Tablero gave a K-Ar age 
of 4.86 -+ 0.15 m.y. (LIETZ and SCHMINCKE, 
1975). In  the present  study we have 
sampled and dated a s imilar  nephelini te  
lava that clearly fills a deep valley cut 
in the Guigui Format ion basalts in Bar- 
ranco de Tazartico near the west coast 
of Gran Canaria (SCHMINCKE, 1968, fig. 26). 
Two whole rock samples (GC24, GC25) 
from this flow yield K-At ages of 5.5 and 
5.0 m.y. respectively, quite s imilar  in age 
to that found for the E1 Tablero Forma- 
tion, with which we tentatively correlate 
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it. The difference in measu red  age be- 
tween the two samples  is l a rger  than 
can be  accounted  for  by  exper imenta l  
error .  Both  the  samples  conta in  no rec- 
ognizable plagioclase  bu t  abundan t  slight- 
ly a l te red  and tu rb id  nephel ine o r  glass 
and  some analci te .  I t  is poss ible  tha t  the  
nephel ine has  leaked  some radiogenic  
argon, so tha t  bo th  ages mus t  be  regard-  
ed as minima.  

Roque Nublo Group 

The second m a j o r  volcanic phase  in the 
geological  h i s tory  of  Gran Canaria  
,consists of a series of lavas ranging  f rom 
basan i t es  and  anka rami te s  to  highly 
a lka l ic  phonoli tes ,  essexite and  hauyno- 
p h y r e  intrusives and a sequence of 
s t rongly  zeolit ized brecc ia  sheets,  all 
inc luded within the Roque Nublo Group.  
AaD~.L-MoN~,M et al. (1971) r epor t ed  K-Ar 
ages of 3.75 and  3.5 m.y. on two samples  
f rom the Roque Nublo Group,  and  LIETZ 
and SCHMINCKE (1975) presented  resul ts  
on eight  addi t ional  samples  which  gave 
ages be tween 4.40 and  3.68 m.y. LtErz 
and  SCHMII~CKE (1975) p roposed  tha t  Ro- 
que Nublo volcanism extended f rom about  
4.4 to  3.7 m.y. ago and suggested tha t  the 
3.5 m.y. age given by  AatmL-MoNEM et aI. 
(1971) is p robab ly  too young owing to 
argon loss. 

In  this  s tudy  we have measu red  ages 
on five more  samples  f rom the Roque 
Nublo Group. Three of these samples  
(GC1, 65, 76) were  col lected f rom different  
locali t ies nea r  the  cen te r  of the is land 
wi th in  7 k m  of Tejeda  (Fig. 2). Ages on 
these  samples  a re  concordant  and  lie 
be tween  3.81 and  3.88 m.y. (Table 5). Both 
GC65 and GC76 are  f rom lava flows nea r  
the  base  of  the local Roque Nublo suc- 
cession bu t  f rom ra the r  high in the to ta l  
section. Sample  GCI is f rom a hauyne  
phonol i te  in t rus ion  and its measured  
age of 3.86 + 0.06 m.y. agrees well  wi th  
ages of  3.68 +0.18 m.y. and  3.75 + 0.12 
m.y. r epor ted  by  LIEXZ and SCHMINEKE 
(1975) and  ABDEL-MONEM et aI. (1971) for  
two o ther  hauyne  phonol i te  intrusions.  
S t ra t ig raph ic  evidence suggests  t ha t  Ro- 

que  Nublo  volcanism culmina ted  wi th  
the  emplacement  of  these  hauyne pho- 
nolites.  

The remain ing  two Roque Nublo sam- 
ples (GC52,53) da ted  in this s tudy  a re  
f rom a succession of lavas at  La For ta-  
leza, southeas t  of San ta  Lucia. The 
measu red  ages a re  respect ively  3.49 and 
3.40 m.y. (Table 5), in sa t i s fac tory  agree- 
men t  wi th  an age of 3.50 m.y. obta ined  
by  ABDEL-MONEM et al. (1971) on sample  
GCU29A f rom the  same  sequence. Fur the r  
to  the  southeas t  t oward  the coast  in the 
same ba r ranco  LIETZ and S C H M I N C K E  

(1975) r epo r t ed  the  age of 3.96 + 0.10 m.y. 
on  sample  P15, an  a lkal i  basa l t  of the  
Roque Nublo  Format ion .  Nevertheless  
the  concordant  ages f rom the La Forta-  
leza lavas suggest  tha t  Roque Nublo 
volcanism cont inued in this a rea  until  
abou t  3A5 m.y. ago. 

Post Roque Nublo Volcanism 

Much of the nor theas te rn  pa r t  of Gran 
C a n a d a  is covered by  a veneer  of rela- 
t ively young s t rongly  a lkal ine  and silica- 
u n d e r s a t u r a t e d  lavas and  pyroclas t ics  
ranging f rom olivine nephelini te,  and  
mel i l i te  nepheIini te  to basan i te  in com- 
pos i t ion  (Fig. 2). These volcanics together  
compr ise  the last  m a j o r  phase  of volcan- 
i sm on Gran  Canaria  and  comprise  all 
o r  pa r t  of Basal t ic  Series  II ,  I I I  and  IV 
of  FUSTER et aI. (1968). Much of this  
volcanism or ig ina ted  f rom local small  
volcanic  centres.  

On the bas is  of four  K-Ar ages r epor t ed  
b y  ABaEL-MONEM et al. (1971) and  five ages 
given by  LIETZ and SCHMINCKE (1975) the 
l a t t e r  au thors  suggested tha t  this volcan- 
i sm commenced  about  2.8 m.y. ago and 
geological evidence indicates  it  continued 
unt i l  recent  (prehis tor ic)  times. 

We have dated an addi t iona l  ten sam- 
ples f rom lavas of this  last  volcanic 
phase  on Gran Canar ia  (Table 5). Samples  
GC71 and GC73 a re  f rom nephel in i tes  
collected southeas t  of Santa  Lucia and 
s t ra t ig raphica l ly  above  the Roque Nublo 
flows da ted  f rom La Fortaleza,  previously 
discussed.  Both  rocks  are  well crystal l ized 
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TABLE 5 

Field 
No 

,POTASSIUM-ARGON AGES ON WHOLE ROCK SAHPLES OF LAVAS AND TWO INTRUSIONS FROM THE YOUNGER FORMATIONS OF GRAN CANARIA 

Lab. X Red. 4OAr 100 gad.~O~r Calculated Age 
Nb. (wt. ¢) {IO-12mollg] To ta l~ -A~  (~.Y,I ~ 2 s.d, Unit and Locality 

Rose Roque Nublo Group 

GC60 74-226 1.289,1.204 0.349 7.3 

GC56 74-222 1.002,I.102 3.688 43.3 

6C57 74-223 0.554,0.55l 2.23~ 47.3 

GO61 /4-227 1,204,1=202 3.fl35 49.5 

GC83 74:95 0.584,0.581 1.676 23,7 

GOB4 74-97 0.811.0.812 3.156 39.2 

GC78 /4-246 0,810,0.809 3.670 49.2 

GC79 7 4 - 2 4 6  1.097,1.092 4,623 51.2 

GC73 74-240 1,107,1,098 5.301 25.0 

GC71 74-238 1.162,1,168 6.177 47.6 

r r~.ue Nublo Group 

C353 /4-Zig 1.169.1.171 7.095 61.0 

CCSZ 74-218 1.48R.1.483 9.233 64.1 

~C65 7 4 - 2 3 2  4.5~,4.455 30,d2 B],8 

GC76 74-243 1.436,1.435 9.915 62.I 

GCI 74-I&6 4.097,4.118 28.26 b l . J  

El Tablero Formation 

GC24 /4-190 0.009.0.802 7.867 54.0 

GCZ5 ?4-t91 0.~70.0.8~8 7.618 ~.0 

0,15 ~ 0.01 YOung valley F i l l ,  Near head of Barranco 

1.89 ~ 0.05 Alt i tude ~ 1525 m~ de Gu~y~deque 

.j 2.27 ~ 0.06 Al t i tude ~ 1400 

1.79 + 0,05 10 m wide dike, 4 km St of Tejeda 
1 

1.62 ~ 0.05 l A1tltude ". 800 m, 0.5 k~ g of La Pasadiila 

2.18 + 0.06~ 6 km HW of Ingeni~ 

2,55 + 0,05 l 
- Caldera rim, NW of Tejeda 

2.37 + O.Olj 

2.70 4 0.07~ Santa Lucia - Agulm~s road, 2.7 km SE of 

2.98 L 0.07 Santa Lucia, GC73 several Flows above GO71 

) 
3.40 ~ 0.0B Altitude ', 430 m~ La [ortaleze, 5,2 km 5E 

3.49 ~ 0.00 Altitude . 415 ml of 5a~te L~cle 

3,Bl ~ 0.09 Phonolite, Iejeda - St. Bartolome road 

3.88 ~ 0,07 Path to E1Chorillo 

~.86 ~ 0.06 ~auyne phonolite intrusion. 2 km ~ Of Artenara 

5.48 + 0,14~ Vdlley fill~ng flow. (1.9 k'" from ~ COaSt in Bdrranco 
r 

4.95 ~ 0. l~) a e  r ~ z a r t ~  

Note: All samples are basalts exl, ept Gel "~nd GO05 whfch are phonolites. 

and reasonably fresh, and yield ages of 
2.98 _+ 0.07 m.y. and 2 .70-0 .07 m.y. re- 
spectively. These data show that this 
younger volcanic phase commenced about 
2.85 m.y. ago. Seven other samples from 
Basaltic Series II of Ft_;STER et  al. (1968) 
give ages ranging from 2.55 to 1.62 rn.y. 
(Table 5), in much the same range as 
those reported by ABDEL-MONEM el al. 
(1971) and LIETZ and SCLIMINCK~. (1975). 
It would appear  that all samples with 
ages greater  than 2.1 m.y. are olivine 
nephelinitcs (GC57, 78, 79, 84); sample 
GC61 (1.79 re.y,) is a melilite nephelinite 
and GC56 (1.89 m.y.) and GC83 (1.62 m.y.) 
are basanites containing both feldspar 
and nepheline. This information,  together 
with data given by LIETZ and SCHMINCKE 
(1975) suggests that the nephelinite lavas, 
included by SCHMINCKE (1976) in his 
Llanos de la Paz Formation,  were erupted 
mainly  between about  2.85 and 2.1 m.y. 

ago, while the younger lavas are predom- 
inantly basanites.  

The single sample (GC60) from Basaltic 
Series IV of FUSTER el aL (1968), included 
within the Calderilla Format ion of 
SCHMI,~CKE (1976), gave an age of 0.15 +__ 
0.01 m.y. This sample was collected 
from a geomorphologically young valley 
tilling fl0w which one of us (H-U.S,) 
believes is much younger than the meas- 
ured K - A r  age. Conceivably this lava 
contains some excess argon which was 
not completely outgassed at the t ime of 
eruption. 

DISCUSSION AND CONCLUSIONS 

The earlier work by ABDEL-MONEM e t  al.  
(1971) provided a physical t ime frame- 
work for the volcanic history of Gran 
Canaria. The present  geochronological 
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study has concentrated on the elucidation 
of the early subaerial  history of this 
volcanic island, although much new data 
also are provided on rocks from the 
younger volcanic phases. 

The most  impor tan t  result  is that the 
ma in  shield building, dominant ly  basaltic 
volcanism, comprising the lavas of the 
Guigui anc~ Hogarzales Format ions  (equiv- 
alent  to Basaltic Series I of FUSTER 
e t  al,, 1968) was confined to an extremely 
short interval between about  13.7 and 
13.5 m.y. ago in the middle Miocene. 
Thus we suggest that  the dura t ion of 
the subaerial  main  shield building volcan- 
ism is unlikely to have exceeded about  
0.5 m.y. We est imate that  the total volume 
of basaltic volcanics erupted during this 
phase was about  1000 km 3. This volume 
is calculated on the basis of a cone of 
diameter  45 kin, the present  diameter  of 
Gran Canaria at sea level, with the 
summi t  2000 m above sea level. Main 
shield building lavas crop out at present  
to an alti tude of 1000 m, bu t  as the 
central  part  of the volcano has subsided 
because of caldera collapse, an original 
summi t  at about  2000 m alt i tude seems 
reasonable. Less than one fifth of the 
est imated volume of 1000 km 3 still re- 
mains  owing to caldera collapse and 
erosion, and much of the original main  
shield is covered by a veneer of younger 
volcanics. 

If it were assumed that the submarine  
par t  of Gran Canaria was also construct- 
ed during the main  shield bui lding phase 
the volume of volcanic material  would 
be increased by a further  7400 km ~, using 
for the calculations a diameter  of 90 km 
for the volcano at 2000 m below sea Ievel. 

The trachytes and rhyolites of the 
Mogan Formation,  comprising perhaps 
150 km ~ of material,  were erupted with 
no detectable hiatus subsequent  to the 
cessation of the shield building basalt ic 
volcanism (Fig. 3). Major caldera collapse 
occurred at much  the same time with 
filling of the caldera by silicic volcanics 
of the Mogan and Montafia H o m o  For- 
mations.  From our K-Ar data on Mon- 
tafia Homo Format ion  rocks and the 
earliest member  of the Mogan Format ion 

we est imate that  caldera collapse occur- 
red at 13A +_ 0.3 m.y. ago. This caldera 
formed after the eruption of the first 
voluminous ash flow following the main  
basalt ic shield bui lding phase, and prob- 
ably was caused by the rapid emptying of 
subjacent  magma chambers  beneath the 
volcano. An impor tan t  point  is tha t  large 
volumes of silicic magma had formed 
within the volcanic edifice and were 
erupted soon after  cessation of basaltic 
volcanism. Such magmas  are likely to be 
produced either by fractional crystal- 
lization of basalt ic magmas or by 
partial  melt ing of preexisting marie 
voleanics within the volcanic pile; other 
geochemical data are necessary to dis- 
t inguish between these possibilities. 

Subsequent  to the caldera collapse and  
part ial  infilling of the caldera by  volcan- 
ics of the Montafia H o m o  and Mogan 
Format ions  mainly  phonolit ic rocks of 
the Fataga Format ion w e r e  erupted in- 
termit tent ly  from about  12.6 m.y. ago 
to about 9.7 m.y. ago. The volume of the 
Fataga Format ion lavas is est imated to 
be in the vicinity of 100 km 3. Intrusives 
in the core of the volcano, again compris- 
ing about 100 km ~ and grouped together 
in the Tejeda Formation,  were emplaced 
dur ing a similar  interval of t ime and 
probably were comagmatic  with the Fa- 
taga Formation.  We regard this activity 
as bringing to a close the ma in  shield 
building phase of volcanism of Gran Ca- 
naria. The volcanism of the waning stages 
of activity may have continued unti l  
about 8.7 m.y. ago if the age of the 
phonolite GC5 is taken at face value. 

Nephelinite lavas of the E1 Tablero 
Format ion comprising much less than 
1 km ~ in volume were erupted about 5 
m.y. ago at about the Miocene-Pliocene 
boundary.  

Resurgent volcanism, comprising the 
second magmatic  phase, began about 4.4 
m.y. ago wi th  erupt ion of the Roque 
Nublo Group, which cont inued unti l  
about  3.4 m.y. ago. During this interval  
of time in the Pliocene an est imated 100 
km ~ of silica undersaturated,  mainly  
basanit ic  to tephrit ic eruptives were 
produced. Following a hiatus of less than 
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1 m.y., volcanism recommenced about 
2.85 m.y. ago and  cont inued unti l  relatively 
recent times, forming a superficial cover 
on earlier rocks, with the total volume 
of eruptives probably much less than 10 
km'. In  this third magmat ic  phase neph- 
el ini te magmas appear to be dominant  
in the period 2.85 to 2.1 m.y. ago, while 
basani t ic  magmas  dominate  the younger 
eruptions. 

Alternatively the Roque Nublo and 
Post Roque Nublo eruptions could be 
thought of as a single long-lived resurgent  
phase, with the relatively small volume 
of the Post Roque Nublo eruptives 
represent ing the declining stages of 
activity of the volumetrical ly more  
impor tant  Roque Nublo volcanism (Fig. 
5). It  should be emphasized, however, 
that the nephelinites and basanites of 
the Post Roque Nublo Group are chem- 
ically distinct from the eruptives of the 
Roque Nublo Group. 

A further model for the volcanic his- 
tory of Gran Canaria was proposed by 
SCHMINCKI:. (1976) who suggested that 
two magmatic  cycles can be recognized. 
The first cycle comprises the shield build- 
ing basalts and subsequent silicic volcan- 
ism, concluding with eruption of small 
w~lumcs of nephelinitic magmas about 
5 m.y. ago. The second cycle consists of 
Roque Nublo and Post Roque Nublo 
lavas. It is stressed that all these models 
are simply a means of viewing the 
magmatie  history in a manner  that 
enables comparison to be made with 
volcanoes elsewhere, and that none is 
unique. 

An impor tant  conclusion Dom this 
stud?,, of Gran Canaria is that this corn+ 
plex volcano has greater similarities to 
other basaltic volcanoes in oceanic re- 
gions than has hitherto been generally 
recognized. For example, the volcanoes 
of the Hawaiian Is lands have a well 
documented history of a short lived 
subaerial main  shield building basaltic 
phase, usually of durat ion less than 1 
m.y., followed by eruption in a number  
of cases of more alkalic and silicic lavas 
within a few hundred  thousand years of 
cessation of the shield bui lding volcan- 

ism (McDoUGALL, 1964). In  several of the 
Hawaiian volcanoes minor  resurgent  
volcanism compris ing strongly undersat-  
u ra ted  lavas (nephelinite, basani te  etc.) 
took place after  a hiatus of a few mill ion 
years (McDoUaaLL, 1964; GRAMLICH et  al., 
1971). The similari ty in composi t ion of the 
lavas of the resurgent  volcanic phase in 
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Fit;. 5 - Schematic diagram showing dura- 
tion, composition and approximate volumes 
of magmas o1 the magmatic phases on Gran 
Canaria+ Note that relative volumes arc not 
to scale; see text for estimates of volume. 

Hawaii and the youngest phase of volcan- 
ism in Gran Canaria (nephelinites and 
basanites) is part icularly striking. The 
shield building lavas of the Hawaiian 
volcanoes are tholeiitic basalts, contrast- 
ing with the mildly alkalic basalts ot 
Gran Canaria. However, many other 
volcanoes in the Pacific and Ind ian  
Oceans have been built  rapidly and are 
composed of t ransi t ional  to alkali basalts, 
not dissimilar  to those of Gran Canaria. 
Examples include the volcanoes of Reu- 
nion (McDoU6ALL, 1971a; UPTON and W:~DS- 
WOgT~t, 1966), Mauri t ius (McDouGALL and 
CttA~ALaUN, i969), the volcanoes of the 
Marquesas Is lands (DuNcAN and McDou- 
6ALL, 1974), and those of the Society 
Is lands  (DuNcAN and McDoU6~LL, 1976). 
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Thus in many  volcanoes in  oceanic 
regions the m a i n  shield bui lding phase 
of volcanism took place over a relatively 
short  interval  of time, generally less than 
one mill ion years. This conclusion is of 
significance in terms of unders tanding  
how and why volcanoes are bui l t  in  
oceanic regions. The rapid construct ion 
of these volcanoes suggests that  not  only 
were large volumes of basalt ic magma 
available bu t  tha t  there was a ready path 
for them to reach the earth 's  surface. A 
possible explanation for the observations 
is that  tensional  forces in the oceanic 
li thosphere (GREEN, 1971;  McDOUGALL, 
1971b ; TtmCOTTE and  OxBu~art, 1973) causes 
fracturing and release of pressure, allow- 
ing diapiric upwell ing of upper  mant le  
peridoti te  f rom the low velocity zone 
with conc6mitant  product ion by part ial  
mel t ing of large volumes of basalt ic 
magma, which erupts to bu i ld  large 
volcanic edifices. In  many  regions these 
volcanoes form roughly l inear  volcanic 
chains which exhibit a monotonic  de- 
crease in  age along the chain toward the 
nearest  mid-ocean ridge. This has given 
rise to the concept Of mant le  hot spots 
or p lumes wi th  the source for the 
magmas  lying below the moving litho- 
spheric plate on which the volcanoes are 
constructed (WILSOn, 1963; MORGAN, 1972). 
These ideas have relevance to the origin 
of the Canary Is lands as they collectively 
form a roughly l inear  group of volcanoes 
which become progressively younger  in 
a westerly direction toward the Mid 
Atlantic Ridge if the older basalt ic lavas 
are identified as the ma in  shield bui lding 
phase (AmmL-MONEM e t  al., 1971) as 
i l lustrated in Fig. 6. SCHMINCKE (1973) 
and  ANGUITA and I-IEP~Ar~ (1975) have 
examined the available data from the 
Canary Is lands in  the light of a hot spot 
origin and conclude that the velocity of 
migra t ion of the centre of volcanism is 
too errat ic to provide a convincing case 
for the  hypothesis to be  applicable. An- 
gnita and  Hernan  found apparent  veloc- 
ities of migra t ion of the centre of 
volcanism between adjacent  volcanoes 
ranging from 0.6 to 26.7 cm/year,  with 
all bu t  one lying between 0.6 and 2.8 

cm/year.  The higher velocity of 26.7 
cm/yea r  was calculated for the migrat ion 
of volcanism from Fuer teventura  to Gran 
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FIG. 6-  Comparison of age data on Mio- 
cene and younger formations from all the 
Canary Islands. Data or all islands, except 
Gran Canaria, from ABDEL-Mo~M et  al. (1971, 
1972). H = historic eruption; PH = sub-recent 
eruptions. Some older ages are available for 
Fuerteventura (ABDEL-MONEA/I el al., 1971) but 
are not plotted. Data for Gran Canada from 
this study and LIETZ and SCrlMINCKE (1975). 
For Gran Canaria solid dots represent ages 
on basaltic rocks, whereas untilled circles 
represent ages on trachytes, rhyolites, pho- 
nolites etc. Error bars are shown in those 
cases where the quoted error is significantly 
larger than the size of the dots. Duration 
of magmatic phases are indicated for Gran 
Canaria. Modificated from SClaMIr~CK~ (1976). 
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Cana r i a ,  b u t  if t h e  age of  t he  m a i n  sh ie ld  
b u i l d i n g  p h a s e  f o r  t h e  l a t t e r ,  f o u n d  in  
t h i s  s tudy ,  of  a b o u t  13.7 m.y.  is a c c e p t e d  
t h i s  f igure  b e c o m e s  4.7 c m / y e a r .  H o w e v e r ,  GC6: 
b e c a u s e  o u r  d a t a  o n  the  age  of  t he  m a i n  
s h i e l d  b u i l d i n g  v o l c a n i s m  on  G r a n  Ca- 
n a r i a  d i f fer  c o n s i d e r a b l y  f r o m  t h o s e  of  
ABDEL-MONEM et al. (1971) i t  m a y  wel l  b e  
t h a t  s i m i l a r  p r o b l e m s  ex i s t  in  r e l a t i o n  to  
t he  ages  o f  t h e  o l d e r  b a s a l t s  o n  t he  o t h e r  GC28: 
C a n a r y  I s l ands .  C lear ly  a d d i t i o n a l  age  
d a t a  a r e  r e q u i r e d  o n  al l  t h e  o l d e r  b a s a l t i c ,  
m a i n  sh i e ld  b u i l d i n g  p h a s e s  of  t he  C a n a r y  
I s l a n d  v o l c a n o e s  to  b e  ab l e  to  d e t e r m i n e  
w i t h  con f idence  w h e t h e r  t h e  m i g r a t i o n  of  
v o l c a n i s m  w i t h  t i m e  is c o n s i s t e n t  o r  GC29: 
o t h e r w i s e  w i t h  h o t  spot ,  p r o p a g a t i n g  
f r a c t u r e  o r  o t h e r  m o d e l s  fo r  t he  o r ig in  
of vo l can i c  i s l a n d  cha ins .  

plagioclase and  i ron  oxide microphe-  
nocrysts  in well crystal l ised bu t  fine 
grained base. Minor  zeolite filling 
vesicles, 
Alkali basal t  lava in Bar ranco  de Ta- 
zartico, 0.9 k m  east  of coast  below 
GC24, 25. Some olivine and  clino- 
pyroxene phenocrys ts  in basaltic,  well 
crystallized groundmass .  Thin  coat ing 
of layer silicate on  vesicles. 
Basal t  lava flow in n o r t h  cliff of 
m o u t h  of Ba r ranco  de Tazart ico on 
west  coast. Rare  olivine and  pyroxene 
phenocry_sts and  c o m m o n  plagioclase 
microphenocrys t s  in  well crystal l ized 
base. Layer silicate coat ing smal l  
vesicles. 
Basal t  lava, same locality as GC28 
bu t  f rom cliff on  south side of Bar- 
ranco at coast. Similar  to GC28 bu t  
g roundmass  very fine grained.  
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a n d  R o b y n  M a t e r  ( p o t a s s i u m  ana lys i s ) .  
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F o r s c h u n g s g e m e i n s c h a f t  w h i c h  is gra te -  
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d u r i n g  t he  co l l ec t i on  of  s a m p l e s .  

A P P E N D I X  

SAMPLE LOCALITIES AND PETROGRAPItY 

Guigui Formation (Table 2) 

GC7: Alkali basal t  dike about  1 m wide, 
Bar ranco  de Guigui, 125 m above sea 
level, 0.5 km SE of El Puerto, west 
coast. Abundant  t i tanaugite  and olivine 
phenoerys ts  set in well crystallized 
in te rg ranu la r  g roundmass ;  several per- 
cent pale green interser tal  mineraloid  
or  layer silicate. 

GC6: Alkali basa l t  lava flow, cut by GC7, 
same locality. Abundant  t i tanaugi te  
and  olivine phenocrys ts  with  some 

Hogarzales Formalion (Table 2) 

GC22: 

GC23 : 

GCI5: 

GCI3 : 

GC14: 

GCll  : 

Hawaii te  lava on road San Nicholas 
to Agaete, 300 m from 60 km post 
toward 61 km post,  a l t i tude 420 m. 
Abundan t  microphenocrys t s  of clino- 
pyroxenc, plagioclase, i ron oxide in 
extremely fine-grained, fresh ground- 
mass of same minerals.  Minor brown- 
ish mineraloid in rare vesicles. 
Hawaii te  flow, 200 m down road from 
GC22 at a l t i tude 400 m. Simi lar  to 
GC22 but coarser  grained groundmass ,  
and minor  (few percent)  poorly crys- 
tallized mesostasis  showing incipient  
a l terat ion.  
Hawaii te  flow, about  I00 m south  of 
Mirador  de Balcon. about  200 m south  
of km 61 post on San Nieolas-Agaete 
road. Aphyric, slightly oxidized, lluidal 
lava with incipient a l terat ion to layer 
silicates. 
Hawaii te  flow, al t i tude about  100 m, 
about  600 m due nor th  of Puer to  de 
la Aldea, west coast.  Finely vesicular  
with  coatings of yellow layer silicate. 
Microphenocrysts  of al tered olivine, 
fresh clinopyroxene and plagioelase in 
extremely fine-grained to cryptocrys-  
tall ine base. 
Hawaiite llow, some 200 m due no r th  
of Puer to  de la Aldea. Virtually iden- 
tical to GC13 but  yellow layer sil icate 
even more  a b u n d a n t  in vesicles. 
Hawai i te  lava flow, Bar ranco  de 
Guigui, 250 m alt i tude,  abou t  I k m  
east of E1 Puerto,  west  coast .  Few 



74 I. MCBOUGALL - It.-U, SCHMINCKE 

al tered olivine phenocrys ts  and  few 
percent  plagioclase and  cl inopyroxene 
microphenocrys ts  in very fine grained 
well crystallized g roundmass  wi th  ra re  
~eo l i t e  filled vesicles. 

Mogan Formation (Table 3) 

GC42: Comendit ic  ign imbr i te  E, m o u t h - o f  
Ba r ranco  de Taurito,  southwest  coast;  
see SCnM~NCr~ (1976, Fig. 43). Anortho- 
clase phenocrys ts  hu t  some edenite  
in  variably crystallized g roundmass  
of  anorthoclase,  quartz,  aegirine and  
alkali amphibole.  

GC45: Comenii t ic  i rachyt ic  ignimbri te  A, 
road cut t ing  on  west  side of Bar ranco  
de Tauri to.  About  10% anor thoclase  
and  plagioclase phenocrys ts  in some- 
wha t  a l tered glassy to cryptocrystat-  
line groundmass.  

GC44: Trachybasal t  T4 on west  side of Bar- 
ranco de Taurito.  Minor  cl inopyroxene 
and  iron oxide microphenocrys ts  in 
very fine grained base of iddingsitized 
olivine, f resh plagioclase, clinopy- 
roxene arid iron oxide. Pale b rown 
layer silicate occurs  in small vesicles. 
See SCHMINCKE (1976), sample C.N. 55 
for  chemical  analysis.  

GC43: Pantel ler i t ic  ignimbri te  X in Bar ranco  
de Taur i to  about  300 m f rom coast. 
Very abundan t  anor thoclase  pheno- 
crysts wi th  some amphibole  and 
sphene  in fine grained to crypto- 
crystal l ine base. See SCtJ_~INCKE (1976), 
sample C.N. 1022 for  chemical  analysis 
(field sample nos. 715 and 697 in 
SCHMtr~CKE, 1976, are interchanged).  

GC39 : Alkali rhyoli te  lava, Barranco de 
Mogan. 1.6 km f rom southwest  coast  
at  road  junc t ion  to Puer to  de Mogan. 
Few percent  anor thoclase  phenocrys ts  
in cryptocrystal l ine base. 

GC38 : Alkali rhyoli te  dike in t ruded  into 
Hogarzales Format ion .  On road San  
Nicolas to  Mogan, 1 k m  n o r t h  of Ve- 
neguera.  Several percent  anor thoclase  
phenocrys t s  and ra re r  augite and  
hypers thene  and  i ron oxide set  in 
cryptocrystal l ine base. 

GCl9,20: Alkali rhyolit ic ign imbr i te  PI  grad- 
ing into basalt .  Road San Nicolas- 
Agaete at Anden Verde, a l t i tude 530 m. 
Very a b u n d a n t  (30'% + )  anor thoclase  
phenocrys ts  wi th  oligoclase cores, and  
abou t  2 % edenit ic  amphibole  set in 
an  al tered glassy to cryptocrystal l ine 
base. 

Montaha Homo Formation (Table 3) 

GC37: Margin of rhyoli te  body, base  of  Mon- 
tafia H o m o  near  road Mogan to San  
Nicolas. About  50 m f rom caldera 
magin  in caldera filling sequence. Few 
percent  anor thoclase  phenocrys ts  in 
cryptocrystal l ine base. 

GC35: Green pumice  tuff a t  base of Montafia 
"Homo on Mogan - San  Nicolas road, 
ad jacen t  to ealdera pe r imete r  faul t  
and  wi th in  caldera.  About  10 % anor- 
thoclase  crystals  in cryptocrystal l ine 
base. 

Fataga Formation (Table 4) 

GC80: Phonoti te  flow at Punta  del Palo on 
east  coast  road abou t  6.5 k m  south  
of Las Palmas  toward  Gando. About  
10 % of anor thoclase  phenocrys ts  in a 
fluidal fine grained g roundmass  of 
alkali feldspar,  slightly a l tered neph- 
eline and  small  needles of aegirine. 

GC46,47: Nephel ine phonol i te  lava, be tween 
11 and  12 km posts on Maspalomas - 
Fataga  road, abou t  5 k m  nor th  of 
Maspa!omas,  al t i tude about  350 m. 
About  2 % of anor thoclase  phenocrys ts  
in  a poorly crystallized, somewhat  
a l tered groundmass .  

GC41 : Trach~qahonolite lava L1, in small  
ba r r anco  between Bar ranco  de Tau- 
r i to  and  Bar ranco  de Mogan, about  
150 m east  of 83 krn post,  near  south- 
west  coast.  Sporadic phenocrys ts  of 
anor thoclase  in fluidal fine grained 
base, 

GC40: Trachyt ic  ignimbri te  G, overlooking 
Puer to  de Mogan on coast road, 100 m 
west  of 83 km post,  a l t i tude about  
89 m. About  10% anor thoclase  phent> 
crysts  in r a t h e r  inhomogeneous poorly 
crystall ized base. 

Tejeda Formation (Table 4) 

GC5: Nepheline phonoli te  dike abou t  11 m 
wide in t rud ing  syenite body, about  
200 m downs t ream f rom Paralillo dam. 
Aphyric rock wi th  aegirine and  alkali 
amphibole  in r a the r  poorly crystal- 
lized g roundmass  of anor thoclase  and 
nephel ine  wi th  some iron oxide. 

GC3,4: Syenite body jus t  below Paralillo dam 
on road  Ar tenara  - San Nicolas. Me- 
d ium to coarse grained unmixed alkali 
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fe ldspar  and about 5 % fresh biotite 
with some carbonate,  fluorite, leucox- 
ene and layer silicates. See SCltMINCKE 
(1976) sample 1375 for  chemical analysis. 

.El Tablero Formation (Table 5) 

GC24,25: Olivine nephelinite intracanyon flow 
overlying gravel, Barranco de Tazar- 
tico, 900 m from west coast. About 
10% olivine phenocrysts  with some 
iron oxide and clinopyroxene micro- 
phenocrysts  in an intersertal  - -  inter- 
granular  groundmass of titanaugite, 
iron oxide and somewhat  altered ? 
glass or  nepheline. 

Roque 

GC53 : 

GC52: 

GC65 : 

,GC76: 

GCI: 

Nublo Group (Table 5) 

Tephri te  lava flow, La Fortaleza, Bar- 
ranco de Tirajana, 5.2 km southeast  
of Santa Lucia, altitude 430 m. Pheno- 
crysts of elinopyroxene with less com- 
mon oxidized kaersutite, iron oxide 
and apatite in a fine grained, not 
well crystallized groundmass of elino- 
pyroxenc, plagiocIase, iron oxide and 
possibly some alkali feldspar, zeolite 
and layer silicate. 
Tephritc lava, just  below GC53 at 
same locality. Petrographically very 
similar to GC53, but slightly fresher. 
Phonolite lava Ilow at least 15 m 
thick, on road Tejeda to San Barto- 
lomd (C-811), 300 m beyond 52 km 
post. Rare anorthoclasc and clino- 
pyroxene phenocrysts in tluidal ground- 
mass of feldspar and small clino- 
pyroxene. Incipient alteration ot 
groundmass.  
Alkali basalt Iava flow, south side of 
Barranco de Siberio along foot path 
to E1 Chofillo at about 800 m altitude. 
Second flow above base of sequence 
in Mesa de Junquillo Formation. Less 
than 10 percent phenoc~ 's ts  which are 
olivine, titanaugite, plagiocase, oxidized 
kaersuite, iron oxide and apatite. 
ln tergranular  groundmass  of altered 
olivine, clinopyroxene, plagioclase and 
iron oxide. Somewhat vesicular rock 
with thin layer silicate coating. 
Hauyne phonolite stock, along road 
Artenara-San Nicolas, 2 km west of 
Artenara. Minor feldspar and clino- 
pyroxene phenocrysts  in fluidal ground- 
mass of feldspar, sodic clinopyroxene, 
iron oxide, hauyne and apatite. Rock 
has slightly altered appearance. 

Post Roque Nublo Volcanics Group (Table 5) 

GC60: Basanite lava at head of Barranco de 
Guayadeque. Very young int racanyon 
flow f rom La Calderilla. See SCrIMINCKE 
(1976) sample 1433 for analysis. Abun- 
dant  phenocrysts  of olivine and clino- 
pyroxene in a very fine grained, well 
crystallized intergranular  fresh, basalt- 
ic groundmass.  

GC56 : Basanite lava at Morro Garafion, 
500 m east  of r im of Caldera de los 
Marteles, nor th  wall of Barranco de 
Guayadeque, alt i tude 1525 m. Abun- 
dant  f resh  olivine phenocrysts  set in 
an intergranular  well crystallized 
groundmass  in which occur some 
large plagioclase crystals containing 
small clinopyroxene crystals. 

GC57: Olivine nephelinite lava at bot tom of 
Barranco de Guayadeque near  its 
head, alt i tude 1400 m. About 15 % 
fresh olivine phenocrysts  and some 
clinopyroxene phenocrysts  in a ground- 
mass of clinopyroxene, iron oxide and 
much nepheline which Shows slight 
alteration. 

GC61: Melilite nephelinitc dike, I0 m wide, 
about 100 in northeast  of road junction 
Tejeda-Pozo de las Nieves-Teide, 
1860 m above sea level. Abundant 
fresh olivine phenoeriy'sts with some 
titanaugite and melilitc phenocrysts  
in intcrgranular  well crystallized 
groundmass  of clinopyroxene, iron 
oxide, perovskite and nepheline. 

GC83: Basanite lava, 250 m nor thwest  of 
8 km post on road Ingenio to La 
PasadiIla, at about 800 m altitude. 
Abundant olivine phenocr~. "sis and 
much less common t~tanaugilc and 
iron oxide in frcsh, weil crystatlized 
groundmass  of clinopyroxene, plagio- 
eIase and iron oxide. 

GC84: Olivine nephelinite lava, several flows 
below GC83 on same road about 200 m 
west o f  8 km post. Olivine pheno- 
t rys t s  with iddingsite rims, some 
clinopyroxene phenocrysts  in a fine 
grained, well crystallized intergranular  
base of clinopyroxene, iron oxide and 
nepheline. 

GC78,79: Successive olivine nephelinite lavas 
at Mirador, along road Cruz de Tejeda- 
Artenara,  1624 m above sea level. 
Abundant olivine phenocrysts ,  some 
clinopyroxene set in relatively fresh, 
fine grained, well crystallized ground- 
mass  of clinopyroxene, nepheIine and 
iron oxide. 
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GC73 : 

GC71 : 

Olivine nephel ini te  lava flow, 2.9 k m  
southeast  of San ta  Lucia on road to 
Aguimes near  15 km post,  a l t i tude 
77D m. Abundan t  olivine w i th  a ground- 
mass  of cl inopyroxene and  i ron  oxide 
set poikilit ically in large nephel ine 
crystals.  Well e rys ta l l~ed  and  fresh. 
Olivine nephel ini te  lava flow, 2.7 k m  
southeast  of San ta  Lucia near  big 
bend,  al t i tude 755 m. Several flows 
s t ra t igraphical ly  below GC73. Petro- 
graphically s imilar  to GC73 but  ves- 
icular and  has  some cl inopyroxene 
phenocrys ts  in  addi t ion  to olivine. 
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