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ABSTRACT 

K/.Ar.determinatiom, major and trace element chemical 
analyses and magnetic data are  reported for rocks from Santa 
Maria (Azores), Madeira and Porto Smto, and Gran Canaria. 
Based on these data, the age of the baseanent af Santa Maria 
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is believed to have fomd  between &out 5.2 and 4.6 Ma, the 
uncoafmmably overlying pillow complex intenbedded with 
foss8ifmous cdcarenites about 3.8 to 3.3 Ma wihh the capping 
subaerid basalt bf&g part of the same magmatic phase. 
The major eros5onal phae  levelling the basement is thus 
approximately synchronous with the major Pliocene regression 
(R2) m Gran Canarm (Liekz and ndhmjirhe, 1975), possibly 
indicating a widespread eushtic eve&. m e  uppw part of 
the submarine, partly f~osdiferoas series d P o h  Santo was 
dated as ca. 12 to 13 Ma and the Quaternary age for the 
major basalt formatiion in Eastern Mkdeira (Watkins and Abdel 
Mmem, 1971) is canfirm&. The agess of several formations on 
Gran Canaria were slightly revised. 

Clhemical differences Wwem basement ( s ~ ~ )  and later 
posherwional series on Gran Canaria are reemphasized by the 
new data, while such differences are much less pronounced 
between the basement and younger series on Sank Maria. 

I. - INTRODUCTION 

The present study is a continuation of our previous skudies 
on tihe age d volcanic rocks from wlcanic idan& in the 
central North-&hkic (Lietz & Schmincke, 1975; McDougall 
& Sahmincke, 1976 ; Feraud, 1977 ; Feraud e t  ail., 1980). It 
fmmses on three main problems : 

a) What is bhe temporal and s~tru&2y~rzll relakionship 
between bhe onset of vvlcaonism and progression of 
volcanic islands and the tihree diffeent struotural 
envir1onmenGs rqmseluted: Mpie junction (Azores), 
proximity to passive plate boundary (Madeira group) 
and boundary bcetween oceanic and conltjnentd lithe 
sphere (Can~ary Islands) ? 
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b) Does lhe chemical oomposition of magmas change with 
time during the evolution of a volcanic island ? 

C) Can the formation of calcarenites of shallow marine 
origin which occur om all three Mand groups be dated 
more p~ecislely and do tihese represenk one or more 
fluctuahims in lake Tertiary sea level d local or regional 
nature ? 

11. - ANALYTICAL TECHNIQUES 

K/Ar-ages were measured by Feraud on samples of 1 to 
3,5g. which were as fresh as pmsible, by experimental p m -  
edures of argon measurement described elsewhere in more 
ddail (Feraud et d., 1980 ; Feraud, 1977). The exdraotion and 
piurificatbn lisle, in py~ex, is directly ool~neded to a modified 
THN 205 mass spectrometer. The mass fradbmation is perio- 
di~aally measured by atmospheric air intduction. The atmo- 
spheric *Arp6Ar ratio is k n m  with a precision better than + 
1 a%. The argon amount of the blank is on the order d 1 to 
3. 10-amoles. !@he measuremenk reproducilriliity was tested in 
this study with samples MA 35 anld M 41 (kable 1, 2), and the 
measurements d standard are given elsewhere (Feraud et d., 
1980). K-conoentrakions were measured by atomic absorption 
in Monkpellier by C. b u y  and by X-ray fluorescence in 
Boohum. !he amstants compiled by Steiger a d  Jager (1977) 
were used for the age calculations. 

Total rock samples analyzed by M d  (Australia) were 
prepared by crushing the rock to pass 22 B.S. mesh. The 
- 22 + 36 B.S. fraction is screened out and 1/4 of this frac- 
tion is pulverised to pass 150B.S. mesh. Aliquots 009 250 to 
300mg d the pulverised fraction were used for potassium 
analysis and 8 ko l o g  samples of tihe -22 + 36B.S. mesh 
material are used for h g o n  andpis.  
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K was determined by atomic abwrpkion d te r  digestion of 
the sample in HF and H$O,. A high cmcentration (appro- 
ximately 2000 lprprn Cs) of Cs,W, was added to each solution to 
act as an ionisation suppressant. Four or five measurements 
were made on each unknom solution and on standard solutions 
of higher and lower K concentration. Duplicate analyses, par- 
ticularly for total rock samples. usually agree to within 0.51%. 

As was measured by isobope dilution using a high ptwity 
38Ar traacer. The ratios were measured using an exhen- 
sively modified MS-10 masts specltrm&r. Five or six seks of 
measurements were made for 4013% and 38/36 ratios. Instru- 
mental precision is normally high, giving a standard deviation 
of app~oxhnately 0.1 % for 4Q/38 and 0.3 $96 for 38/36. However, 
the analytical error of the Ar d&rrnination increases greatly 
wh,en the percentage of radiogenic Ar relative to total Ar (i.e. 
radiogenic plus atmospheric) falls below 15-20 O/o. 

Che&d Analases : Major, minor and trace dements 
were analyzed by X-ray fluorescence methods on glass fusion 
beads, using a fully autotmatic Philips PW 1400. The fusion 
b'eacls consist of rock powders (dried llO°C for 10 minutes and 
poured into a 34 mm diameter pellet mold). Fe (11) was deter- 
mined by semi-autmnaitic potenthrnekric titraIti011 of the hydro- 
flumic acid - silver perchlorate digested sample, with standard 
potassium bromide solution ; C02 by closed.sy&em, coulometric 
tihation of a barium perchlorate solution into which was passed 
the gases produced by passing oxygen over the sample roasted 
in a tube furnace ; and qO+ by closed system, coulmeiric 
titration of a non-aquelous Karl-Fischer reagent into which was 
passed the inert carrier gas (here nitrogen) containing water 
stripped from the sample by heating in a Pt-crucible to 1300°C 
with an induotion furnace. 
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Fig. 1 -&lap of Santa Maria (Azores islands, see inset) schowing WAr 
ages in Ma (boxes) and sampling localities. See table 1 for 
details. 

SMTA MARIA 

Santa Maria, the easternmost of the Azores islands, situated 
some 430 km east of the Mid Atlantic Ridge consists of a low 
mounhain chain, running NNW-SSE, parde l  to a dike swarm 
(Fig. 1). A large plateau cut by a NESW dike swarm close 
to Vila do Eo~ to  forms the western part d the island. This is 
the only island d the archipelago with fossilifer~us sediments. 
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ZBYSZEWSKI & FEmEIRA (1962b) proposed the follow- 
ing formations : 

(1) OM basalt series cut by numerous dikes ; 

(2) Volcanic brelcoias dong a widespread erosional level 
near the town of Santana ; 

(3) Fo~ilZerous sediments of Helv&ian/ToIrtonian age; 

(4) Younger basa4tic series covering bhe sedimentary 
rocks ; 

(5) Young cinder cones. 

SCHNmVCKE & STAUDIGEL (1976) divided the island 
into three main formartions : 

(1) Volcanic basement (cunsisbing of basaltic, especially 
d a r a m i t i c  lavas and dikes inlcltrding some inter- 
mediate bo Itrachytic rocks) levelled by marine erolsision, 
the erosional surface dipping E below sea level in 
the solukheastern park of the island. 

(2) The submarine complexe, generally less than 100 m 
thick, consisting of interlayered pillow lams, hyalo- 
clastites, cakarenites, conglomerates, san&tones 
(partly terrestrial ?) and some subaerial lavas. 

(3) Younger, subaerid volcanic series consisting of 
basaltic to intenmediate 1 d . v ~ ~ ~ ~  and sc& cones. 

!lkese aukholrs descrdbe the submarine complex, i.e. forma- 
tims 2 and 3 of Zbyszemki et d. in miore detail, presented 
ahemid  data and intenpreted the pillow lavas as shallow 
marine terminal ends of subaerial lava flows. 

Abdel-Mmem d al. (1975) published K/k-age determina- 
bioas d 8.12 and 6.08 Ma f~m the old (1) and 4.13 for the 
younger b a d t i c  series (4). They assumed that the fiossilifemus 
sediments (lcoquina) were deposited during a non-vdcadc 



NEW K-AFi AGES, CHEMICAL ANALYSDS AND MAGNETIC DATA ... 

interval from ca. 4 to 6 Ma. Feraud et d. (1980) measured 
K/Ar-ages of 4.2-4.9 Ma below Dhe coquina zione and two ages 
of 5.1 Ma in the central chain and on the w e d m  plateau 
near Vila do Porto. 

Basement complex 

We have dated 5 samples from the h m e n t  complex cold 
series) : 3 basalt d f  es (eastern part of the idand, S 17, S 45, 
S 633, 1 benmmeite dike (Praia, MA 41), and 1 basalt flow 
(west coast, SM 37) (Fig. 2-3, h b .  1). Ages dderdned range 
from 4.6 to 5.5 Ma with ihe older age &owing a large error 
due to the h3gh akmspheric contamination d the sample. The 
new data togehher wikh 3 ages from this formation published 
by Feraud d al. (1980), clearly indicate that tihe lower~mmt 
basalts were ea1~1glaoed during the very late Miocene ts early 
Piliocene, i.e. between 5.5 and 4.6Ma during a time period 
d at no& 0.9 Ma. We believe our data give a more msisltent 
age distribution of this formation than thme ages of 8.12 and 
6.08 Ma published by &deil-~onem et al. (1975) because : 
(1) The data presented here and by Feraud d d. (1980) 
colle&ed by three diffe~en4, groups and dated in two different 
laboratories show a high degree of internal consistency; 
(2) Basalt SllV137 (5.14 ma) occurs about 70 rn stmtigraphicaIly 
below SIMA-3B (8.12 Ma) dated by Abdel-Mmeon et d. (1975). 
Me. Dlougall and Wmincke (1976) n(&d a similar discrepancy 
between their age data for the shield hffildinlding b a d &  of Gran 
Canaria (Canary Xslands) and lhose of AMel-Mmem et d. 
(19n), the later more detailed study showing the age data for 
the shield lavas to be both younger and much miore tightly 
gmuped than those of the earlier study. Nany oceanic islands 
are  cor?sltru&ed very rapidly during their first and often major 
pbase d vdcmic ackiviky (shield phase) and the late Miocene 
to early Pliocene basement lams of Santa Maria may represent 
the shield phase of this idand. 
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Submarine complex 

The basal complex is cut by a major erosional uncon- 
fmmity that is blehw sea lwel in the southeast and central 
northern park d $he island, but rises to more than 70 m above 
sea level along the soukhern coast at Praia, the main seotioln 
studied. The basement rocks are overlain by a series varying 
in tMckness froim ca. 50 to over 100 m thak cooslsts of miable 
amounts of conglomerates, sandstones, fdi iferous calcareniteq 
hydoclastikes and, locally, pillow lawas. 

We have dated 2 samples from pillows in the central part 
d the series (MA 26 and SM 54), 2 samples from pillows from 
topmasit lavas of the suhnarhe series (SM 16, MA 7) and one 
sample fr'om the base (MA 12). Ages range from 4.2 +- 0.1 Ma 
to 3.3 +- 0.3 Ma. 

However, we regard the date d MA 26 (3.3 Ma) as t m  
young, because (1) it is overlain by lava dated as 3.85 Ma 
and (2) because subaerial lavas overlying the submarine section 
are dated in neighbowing se~atims as around 3.5 Ma. This 
allrormalously young age of MA 26 may be due to argon leakage 
from bhe .glas,sy groundmass ; the low Na/Ka-ratio of the 
rock ~alw suggests that the glass has been hydrated and che- 
mically changed, possibly acwmpanied by argon loss. 

The age d SlM 54 (4.12 Ma) may be boo old because (1) the 
four ohher samples I& dhe submarine oomplex give similar ages 
bekween 3.3 and 3.8 Ma and (2) major uncmformities were not 
found between the racks of this and those of fie overlying 
series (see below), in conkrast to the major uncoaf~omity art 
the base of the submarine series. 

Subaerial basal lavas overlying &he submarine series in 
4 sections (Fig. 2) along the sotubh c o d  (from we& to east: 
MA1, MA 5, SM56, MA35) were dated as 3.2, 8.5, 3.53 and 
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3.85 Ma. Possibly, the alkali b a d  MA 35 (3.85 MA) is part 
d tihe submarine series because d the higher age and its 
elamhion above sea level. The ages never4heless show $hat 
there is no major time gap between the submarine and subaerial 
lavas in the south. This is also suggested by tihe geological 
evidence. For example, topmost lavas of the submarine series 
have a pillo~wed base, evidence for eruption m very shallow 
water. Thus, bhe boprniod pillow and the lowemost subaerial 
lavas may be part of the same eruptive interval, during which 
the first l a m  fiilkd up a shallow delta, while the laker ones 
spread on dry land fcormd by the eariier flows. 

I North Coast West Coast I I S o u t h  C o a s t  
PraioWest Praia East 

Piedode $ 

LEGEND 
Fm-grained bedded :1","ydlktSw sed~ments.tossnltferous 

Rl~;ravp& 
Conglomerates and 

breccm 
0edded hyalo- Mognetlc orientation - 

ctost~tes I +t- normal [+I, reversed 1-1 

Fig. 2-Stratigraphic sectioins d Santa Maria showjng stratigraphic 
position of main samples dated and magnetic pcvlarities as 
measured by fluxgate in the field. For locations of figures see 
Figure 1. 

At Praia, the tapmost lavas d the submarine series are 
slightly weakhered and overlain by a p a l m 1  Wit formed 
prior to eruption d lavas MA 1 and MA 5. The age difflereme 
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between these laws which m e  chemically identical are not 
real and the evidence of minor weathering camat be inter- 
pr&ed as represenlting a major time gap. 

In wdusiom, pillow and werlyhg subaerial lams along 
the southern coast of SaWa Mania !were all emplaced about 3.3 
to 3.8 Ma ago, about D.5 to 1 Ma later than emplacmenk of 
the basement series. 

Fig. 3 -Distribution of ages measwed within the three main rock for- 
mations of Santa Maria. 



TABLE 2 

K/AR AGES AND LOCALITIES OF MADEIRA ARCHIPELAGO SAMPLE2 

Radwgenu 
(X10-la mc 

.tion 

-- 

K 

-- 

he 
om- 

Sample Weight 
&! 

Rock tgpe 

Pica 
Ruivo 

Alkali olivine basalt 
dike 

Path Pico Arreira to 
Pico de Ruivo 1750 m 
abole sea level 

basaltic 

complel 

dito dito about 1600 m 

dito dito 

dito dito 

Submar 
basal c 
plex 

Hawaiite lava flow, 
overlying main pillow 
series 

Ribeira Dentro Bar- 
ranco das Feiteras 

Trachyte intrusion Ribeira Dentro 

Trachyte dike cutting 
upper pillow lavas 

Ribeira Dentro Bar- 
ranco das Feiteras 

Ages measured by FERAUD, G. and GASTAUD, J. 
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Praia West Praia East Castelo r 
Mammoth 

Fig. 4 - Pakomagnetic stratigraphy of Swta Maria volcanics. Gee 
magnetic wlarity time scale of MeDougall (1977) : positive 
polarity - black, negative polarity - white. Polarity of remanent 
magnetism of rocks : positive polarity : arrow d m ,  negative 
polarity : arrow up. K/Ar ages according to table 1. 
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A pdwmagnetic reconnaissance study was mid auk on 
rack d some s~eotioes in Santa Maria in order to prolvide 
adltional age ciomtml. The results are summarized in Figure 4. 
Nine lavais and dikes were sampled a t  bhe Praia s&ns m- 
prising hhe entire sequence from the basement to the subaerial 
series. In a&i%ion, four b a s  of the submarine sectSon were 
studied from ;the Cavtelo section. On the average, A b l e  re- 
manent directions were determined from five satmrples per 
volcanic unit usling an AF-demagnetization technique. !l%e data 
will be published .&sewhere in m,ow debail. 

!t'he tentative idenkificahim d the polarity sequence as 
given in Figure 4 is based on the m~oslt recent polarity time 
s d e  of MlcDougall (1977) adjusited to the revised 40K decay 
conshit (Skejger anld Jager, 1977). For this punpose, the radio- 
metric ages obtained here on the basalt lavas MA 1, MA 5, 
and MA 35 (Table 1) were USXI as a general framework. 
Acc~ep&able cor.wistency of ages and magnetic polarities d these 
lavas with the earth magnetic field ohronology is only 'achieved 
if the standard deviaitiom d the K/Ar m~easureemzuts are taken 
into acoozlzlit. The mean valuw of hi31 MA 1 land MA :5 appear 
tlo be slightly too old. Due to the relaitive large experimenkal 
error, the age and polariky of MA 35 carmolt dbeately b6 reIated 
bo a specific pdarity interval d the earth f@j. 

The youngest rocks of the bemenlt  exposed in &e'Pr.aia 
east s e & h  just below the eror;rlmal un~csnfomity are a lava 
flow (U- 21) whiicih is clot by a dike (MA 25). MA 25 has a 
positive, MA 21 a negative magnebic diieckion. The rad&om&ric 
ages olbitaiajed indimte tihat mo& of the basement at Sank 
Maria formed during tihe negative Gilbed polarity apwh ( abu t  
5.4.to 3:4 Wa) MA 25 thus shodd mark one d the positive plokqit~ 
wenits &thin this negative period. The Nunivak event &Wg 
ait about 4.1 Ma sleelrus to be the mat, plausible, but the e&I- 
en& is insufficient to exclude the younger C~ochiki or  the older 
Sidufjall wen& ending art 3.8' and 4.4 Ma, respeckivdy. 

'  h he K / A ~  age radge for the submarine cmm&ex including 
unit MA 35 frm the Castdo seotion n o ~ h l y  aovers the younger 
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(< 4 Ma) part loif the Gilberlt nega~ve  polarity eplol&. The 
comisten2!1y negarkive pdsurihy of roicks studied from this 
formation further supports these age data. The time boundary 
beheen the submarine and subaeria;l series & l e t  In the 
sauthern mea d the island should be somewhere near the 
t m ~ i t i o n  from &e Gilbert t o  the Gauss positive gmmagnekic 
polarity (epoch (ahuit 3.4 Ma). This is indicated by the change 
in magnetic polarity ~w~ hvas NIA 7 and &EA 6. The 
youngest lava in the Praia region (MA 1) most likely fa& 
inbo t!he first n~egative p&mity event w i W  the Gauss eplmh, 
the Mamm~)kh event (3.17 .to 3.07 Ma) widoh abo  d be in 
agreement wikh a K/Ar age of 3.20 's 0.17 Ma (Table d). 

Flor several vobcanic units from the W. W o ,  Airpod, 
anld Piadade selckion the directions of rmkwail ram& msgne 
tizaaon hmave been d@$er-d m oriented handspecimen using 
a fluxgate rnmagnietom&er. Samples f n m  the basement and 
submarine series show negrutive polarities, whereas the sub- 
aerial brsusalts have a podtime magn&Won (Figure 2). 'I!hwe 
resulb, thewfore, are enrtirely cons-t with the inkrpre- 
tation given above that the older formathxu were emplaced 
during the negative Wb& gwmagmtic @pipol&, the younger 
subawid lavas d~uring trhe positive Gaum period. 

MADEIRA ARCHIPELAGO 

Madeira archipelago lies 'at the bouthwestern end of the 
NE-SW ciamplex Madeira-Tore Rise. It consists of the two 
islands Madeira and Porto Sanlto and three Mkle Dlesle~tas 
islands. 

Madeira 

Zbyszewskii (1971,1972) and Aires-Barros et d. (1974) define 
the foBowing PO~&C s~mies friom Madeira: a) A Miocene 
b a d  ~mmpIex mainly d pyrodasthc rocla d which the younger, 
more effusive park I m d y  m b a k  Vindobnian reef depcrs&s. 
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b) Po&-Vindobonian comp,lexes that cyylltain m e  lava6 than 
pyr10~c:lraskic rocks. c) A very effusive voll~cankrn resuiting in 
lava seriles, distributed in t h e e  ~~~~ areas d the ishnd. 
d) A young vohnic  complex forand by cones and Wacanym 
lava flows. The petrology d the island has been discussed by 
khmincke anld Weibd (1972), B&es and Brlown (1972) and 
&es-Bannos e4 al. (1974). Major dike swarm with domhant 
directions mainly from E-W to NW-SE occur in several parts 
d the idand (Zbyszew6ki, 1972,1972). Watkins and Mdel-Monm 
(1973) have measured K/&-ages between 3.05 4 0.7 aM on 
lavm northeast d Fm&al, but Ml older rocks may exist 
031 the islad. 

We have dahed four drjkes, oriented a~'piru)xb&ly east- 
west most of which were desertbed anld andyzd  by Sdmincke 
and Weibd (1972), from the eastern central part of the island 
(table 2 ; figure 2 iin Sdminke and Weibd, 1972). flhe ages, 
ranging from 1.8 to 1 Ma, are very similar t o  those repmted 
by Watkins and Abdd-Mona (1973) coUecW from the same 
general area. Thus, an ~~k volcanic p b s e  ~~c IcuF ] :~~  on 
Madeira between ab~ouk 1 and 2 my., psslbrly chiefly along 
E-W fisisture none in the c&w of the island. 

The geo&ogy of this s d  island, 45b northeast of Ma- 
deira is n& we11 known. P&ographic and ohemical data were 
published by Aires-Barras et aI. (1969) and Sc=hunin~che & Weibel 
(1972), and Qetz & Schwarzbach (1970) describe new l d t i e s  
of marine Tertiary fossils. !kh incke  & Saudigd (1976) 
inferred that most of the exposed rocks of the- isiand are 
submarine in origin and divided the submarine series into an 
older, trachytic series mconformably overlain by a b d i c  
- hawaiitic submarine to subaerial series. Submarine rocks 
oocur a t  least as htgh as 300 m above sea level indicating either 
uplift of the island or lowering of sea level, or both. 
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P O R T 0  S A N T O  
TERRA CHA 
BAR RANCO DAS FETE1 RAS 

250 PS I 
2 
W 
> 

PS 2 
W 

200 
9 PS 3 
m 
W 
> 

I50 a PS 4 
m 
e 
W 

LEGEND: 
I- a DIKE 
$ I00 [II1Il LAVA FLOW 

0 ,PILLOW LAVA 
HYALOCLASTITES 

50 
CONGLOMERATES 
CALCARENITES 

Fig. 5 -Stratigraphic section of suJnn&e section of Porto Santo show- 
ing sample positions. 

We have dated two Dra&yte intrusions, one below the 
basdkic pillow complex (M 41) and one cubking the pillow 
lams (FS 2) and one basalt from the pillow' series' 'overlying 
congbme1*arte and f~msWle~ous b& (PS 4) (Fig. 4, table 2). 
A.U samples itre from the RiIseira D e n h  steation, below. Terra 
Chg, in tihe northeastern comer of the island (see f!igure 3 in 
Schmhche and Weibel, 1972). The ages are similar and range 
f n m  12.3 & 0.4 to 13.1 0.4; the age d 13.1 is probably 
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slightly tolo high since thb trachyte is prohHy &&igraphically 
younger &an the two other mocks. mese ages are sk-dar to 
thase pubihshed by Macedo & d. (1974) of what they caa 
upper submarine and subaerial basalks anid mugearites dated 
as 13.1 to 12.6 Ma. These aufhors repork ages d 15.7 to 16.4 Ma 
~ O T  older tra~chyte to trachyrhyolitic cryptdomes from this 
part d the island and younger trachyks daked as 13.8 Ma 
underlying the oonglomerates anid cdlcaraites. A morle detailed 
comparison is impossible at present because the d a b  by Ma- 
c& & ul. (1974) are only available in abstract form. 

Moist exposed vobmic rocks of POrt~o Sanb were emplaced 
during the mididle BXolmne, perha'pls chiefly beheen appro- 
ximately 12.5 and 13.8 Ma. Thus, the baernent af Pcmbo Santo 
is very s.irnilar in age to that af Gran Canaria, wholse shield 
was c021stru&ed bdween 13.5 and 14Ma (UciDlougdl and 
Schick~e, 1976). A5 least the upper pant ob? the submarine, 
seamount &age of Po& b h o  is not much oider lhan the 
overlying subserial lamas, judginng from the data presently 
available. This is an imporbant point since in mosk idmds 
sul& as  Santa Maria and Gran Canaria, only the subaerial 
.phase has been dakd due to subsequent sub6idenc-e of the 
ishixls. 

The thing of uplift of Pmbo Santo is skill uncerhin. 
Miacedo & d. (1974) report ages d 11.2 and 12.4 for subaerial 
lams, thought to have been mpkd after erpMb, but the 
question still remains whethex these covld be the subaerial part 
d the same malgmabic phase anid record emergence of the 
idand above sea lever rather than uplflt. 

GRAN CANARZA 

vp 
Gran cfanarh, one of the two central large m1-i~ islands 

in the Canarian a rch i l ago  has a long and coanplexe geologic 
hislory from the Midde Mioloene to the Recenk (Sahmincke, 
1976). The subaerial *-of the idand was omstruderl during 

I 
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three main magmatic phaseis : (1) The majtol: and shield 
forming phase produced moderately alka1i.c basalts overlain 
by several hundred km3 of rhyditic to nepheke phonoiitic 
ignimbrites and lava flows and lasted from ab'out 14 ho 12 Ma 
with smne extrusive and intrusive activity exhending to ab,out 
8.7 Ma ; (11) During the second mlah phais,e more alk,&c 
basmibic to pbonoWc magmas were erupted, the dlifferent 
formations b,eing named Roque Nublo Group, emplaced chiefly 
betw~een 4.4 and 3.5 Ma ; (ID) Nephebites (Los Llanos For- 
mation) wlere erupted avound 2.8 Ma, wibh meilite nephelindte 
5olloming a t  1.8 Ma, and still younger baslanit'ee. 

The first K / h  data were pubiliskd by Abdel-Monem et al. 
(1971) and mor,e detailed stuldties were presented by Lietz & 
Schminckle (1975) and Me Dlougall & Schminche (1976). 

Mogan F o m t i o n  

A widespread buk thin alkali b I a d  (<<rtrachyibadt~) for- 
m~altisn intenbedded with the trachytes anld alkdi rhyolites of 
bhe middle &gan Formahion mapped in s o ~ w a s t e r n  and 
eastfern Gran Canaria (Schmhcke, 1969) was dated as 12.5 Ma 
by Mc Doulgdl & Sehmincke (1976), eontrashing with agw d 
13.1 bo 13.8 of under- and overlying igniahrites and lava flows. 
The new age d&eTminction of basalt from the same formation 
but from mother localiky, sample 719 : 13.7 4 0.2 Ma (table 3) 
fits  pen€e~otiiy with the skratigraphic sumeysio'n (see Fig. 4 
in Mc Dougdl & Schmincke, 1976) and suppot the interpre- 
tation that the sample dated by Mc Dougd  & Schznincke had 
lost some radiogenic argon. 

El Tablero F o m d i o n  

Li&z & Schmincke (1975) had reco~gnbed a mi no^ but 
widaspread nephelinite formation, which they dated as 4.86 -L 

0.15 Ma, tihat olccurred after a long eras~ional hiatus in the 
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islands history, but prior to onset of Roque Nublo volcanism. 
Their age d&rmina&n was cronfbmed by Me DoiugaU & 
Sahmincke (1976) who pr~wenked ages af 5.0 and 5.5 Ma for 
different s23-m~ from the same flow svt Tazart,ico. A promi- 
nent nephelinite intracanyon flow remnant occurs at San Nico- 
las at  the foot of La Tabladas Terrace, post-dating phonolitic 
mng1lolmmake but predating %que Nublo conglomerate (E in 
Fig. 50 and 51 in S c h h c k e ,  1976). The age of this flow, 
sample 799 : 5.07 t 0.10 Ma, (Itable 3) is idenkid to h t  of 
Liekz & % h b ~ c k e  (1975). Tlherle is nlm very strung evidence 
tbak the deep canyons in southern Gran Charia  were not 
only in exi8teme at Roque NubB t i e  ( S c ~ c k e ,  1968) but 
at Beast as early as 5 Ma ago and probably earlier (6 Ma ago?) 
since the exupbion of the n e p h e w e  fhw here dated musk have 
been prreceded i,rmmediately by a phase d moderate canyon 
oukting folhwing a phase of widesprlead oocumulakion d thick 
con,@merate stheats of the Argrineguin fl0mn~;to:wn. Slince in- 
trusives d the older Tejeda formation are as yowg as 8.7 Ma 
(IMc Dougall & S ~ h ~ h ~ k e ,  1976), the mah phase of dl- 
erosion m GTm Canaria must have olocurrd behaen about 
8.7 and 6 (?) Ma ago, prmsily caused by a major drop in 
sea level or riise of the idand or b&. 

The bwerrn~nlaslt lava of the b q u e  Nublo Gmup in the 
weskrn h& d the island, moderately &aGc basdt, chemically 
different froan the bulk d the overIying Roque Nub10 vokanics, 
was date a s  4.4 -t- 0.15Ma by Lietz & Schmincke (1975). 
A chemically similar bas& from the base of the gr~oup on 
the eastern half of the island has been d W  as sample 1419 : 
4.29 f O.lQ~Ma (table 3) in fhe present sktdy. It  is likely that 
i%&e c W y  ~ ~ . t  lams wme erupted at Uhe same time 
frlom v&s in *e central pant of bhe idatud, perhaps chser 
ito 4.3 than 4.4 Na, as p r e v b d y  asc3uand. 



TABLE 3 

K/AR AGES AND LOCALITIES OF GRAN CANARIA SAMPLES 

F m t i o l n  

Mogan 

El Tableros 

Rock type Weight 
g 

6.4964 

Radiogenic argon 
(X10-* moles/g) 

-- 

M. Cedro, west side 
580 m above sea level 

San Nicolas, Las Ta- 
bladas Terrace, ca. 
80 m above sea level 

Alkali basalt lava 
flow T 4 

NepheWte intraca- 
nyon flow 

Roque 
Nublo 

Alkali basalt lava 
flow 

it. Lucia, road to 
Ternisas, basal flow 
toque Nubli Fm 

Los Llanos Nephelinite intrusion Marteles Caldera, 
bottom at western 
canyon entrance 

Marteles Caldera 
-slope Morro de la 
Caldera, NW-SE 
orientation 

Los 
Llanos 

gephelinite dike 
3~1th 

La Isleta, west coast. 
ca. 6 m above sea 
level 

Yephelbite pillow lava 
Post 

(1) ages mieasured by FERAUD, G. and GASTAUD, J. 
(2) ages m'easured by Amdel 

n.a. not available. 



TABLEAU M 

Comportement biologique du Bifhnox 

-- 

Rat  de propretk des parcelles 

St& 
au 

moment 
du 

traitement 

Doses 
appliqu6es 
dil. dans 

r60 1 eaulha 

Date Date 1 Date 
du 

traitemeflt 
Produits (9 

29.04.83 
Stade K 

-- 

16.10.82 
Stade CD 

13.04.83 
Stade H 

Rendementr 
moyens 
kg/ha 

18.12.82 
Stade E (3 

Dicot. 

13.04.83 
Stade H 

Dicot. 

29.04.83 
Stade K 
Dicot. 

23.12. 
Stade , 

18.11.82 
Stade E 

S.C. A 480 g/l de Bif6nox 

S.C. il 480 g/l de Bifhnox 

S.C. A 480 g/l de Bif6nox 

S.C. ti 480 g/l de Bif6nox 

S.C. A 180 g/l de Bif6nox 4- 
420 g/l MCPP 

S.C. A 180 g/l de Bif6nox + 
420 g/l MCPP 

(1) Appliqu6es aprh 3,5 1/ha d'une S.C. 500 g/l chlortoluron en pr6dmergenc.e le 04.10.82. 
(a) D'apr6s l'khelle ph6nologique Qaborh par W. FEEKES. 
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A widesprea~d formation of nephehitles and olivine w h e -  
h i t s  oovers muoh of ctenkral and eastern Gran Clanaria. 
unconformably overlying h u e  Nublo rocks (Sohrnincke, 1976). 
Two ages in Li&z & Schiasinke (1975) range frlom 2.6 bo 2.8 Ma, 
while data in Mc DougaU & Sdmincke frjom nfaphelinikes in 
ihe center and sou(ohea&wn pant of the %Jmd range from 2.5 
bo 3.0 Ma, with f10m in B e  eastern park d bhe idand as young 
as 2. Ma. A plug-like inltrusioa at the upper enkrance of NIar- 
teles caldera (Sahmincke et d. 1973) was dated as sample 
1449 : 2.9 & 0.09 Ma and a northwest-,southeast skdcing d.ike 
at the northern rian of Wdeles  caldera as sample 1450 : 
2.59 + 0.14 iMa (table 3). These daka are well within the range 
d previous ages fior this fmmaoln and ind.ic&e that the 
m~ajor phas~e d nephWirc volcanism (LOB Llanos fmnation), 
a t  leasit in tihe center of the island, owurred between abfout 
2.6 and 2.9 Ma. Nephehitic eruptive activity appear6 to have 
shifrted eastwards subsequently. 

Quatemiry basanitic volcanoes o a r  scattered aver much 
d the nonthewtmn hmdf d Gran Canaria with previous ages 
ranging from about 2.2 Ma Do subrecent (Lietz & Schlrrinlcke, 
1975 ; Diougal! & Scrhmincke, 1976). A n a p h e ~ ~ c  m o w  
lava from the peninsula of La Isleta, just north of Las Palrnas, 
that records and old sea level whose elevation was v e q  similar 
bo the pores& one (Furnes & Siturt, 1976) was dated as 
1.02 & 0.08 Mk (sample EES 307 : table 3). 'This age is s h d a r  
to that d a b a n i t i c  inkracanyon flow cut into a thick oon- 
glmerabe fan at the north coast (P 17 : 1.26 -c 0.05 Mac; Lietz 
& Schnhcke, 1975). Thus, there b evidence for upWk or lower- 
ing of sea level or bath during the ddde Quaternary, as 
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recorded by formation of the thick conglomerate/congbme~ate 
fan and its subsequent erosion prior to 1.2 Ma ; however, very 
litkle net &mge with regard to sea 18wd appears to have 
aocurred during the past about 1 Million years. It is still 
uncertain if this basanitic vollcanism occurred in s~evwal dis- 
thc t  pbses  or more or  less continuomly during the Quaternary. 

IV. - DISCUSSION 

The present results confirm tihe age of about 5 Ma p~pos€!d 
by Feraud et ail. (1980) for the exposed ~ I c a n i c  basement of 
Smta Maria, and show thak the vol~canic ackivity conItinued until 
3.2 Ma or more recenit'ly. T"hese auaors sbmed &at a model 
wihh a smld fixed su?ditrb&eric hot spiolt beneath a moving 
lithosphere is conrtradckd by the olbwrved age pabern of tbe 
h r e s  archipelago. If the exposed bmanmt d Sanita Maria 
is assumed to represent the major shield building phase and 
the ddesit ages r'eplsnted for the 0 t h ~  idazlds by Ab1del-iUon1em 
et d. (1975) and Feraud et d. (1980) be taken as the first 
shield phase of these islands, a mobile <hot spat, with a 
large dimemion (Feraud et ul., 1980) is more likely. 

Three of the five basement ages are d basaltic dikes, 
trenidhg norbhwesit-southeast pmbably represmiting the feeders 
for the dated basement series. Although f&e s~otuthea& part 0f 
this dike swarm is quite parallel to the apparent majlor 
wlcano-lteicbnic direction of the Azores, b a s a c  north- 
eastaouIkhwest trendling d.&e swarm occurs on Santa Maria near 
Vaa do Po*, but has not been dated. Using k g  range sonax 
and ohher geophysical surveys, Searle (1980) showed the exist- 
enoe of a technic trend in the w e d m  part of the Aaores 
area tihat is about N 119-124 k 6" similar to that proposed 



by Feraud et al. (1980). ~ O B ~  a more thorough evalua6ion 
of the importtame d the d&d dike dbedicm in the area of 
Santa Maria in terns of the lithospbe~ic stress pattern must 
await dating of the Vila do Parto dike swarm, the Azores 
a~chipdago doles mit seean Do be generated by a simple linear 
plabe b~oundary oriented N 150" E. 

Aocarding to Sede (19801, the ~Mriean plake &mIged 
m&on with respet to Eumpe abouk 36 lVLa ago from a switheast 
to a we&-sloubhwestt di~sebim. The Azores spreading center, 
erntending from the Gloria Fad t  (Auores-'Gibr&ar fraoture 
ume) along the Terceba Rift tio the N& h r e s  fra~oture 
zone f~orimed at about the same time. The d& prwenhd hwe, 
together wihh those of Feraud et d. (1980), clearly show 
thmt ail of the Azores ishw aye much p a g e r ,  the oldest 
probably being not older than ca. 5.5 ma. 

The Madeira amhipelago belongs to the impressive Ma- 
deira-Tare Rise sttr&ching 1400 km fman Madeira in the s~mth- 
"& to the Tore Seamounts in the northeast. Lavas from 
Josephine Seamount, at the intersection d the !bre Madeira 
Rise arid the Awes-Gibraltar Zone, about 600 km NNE d 
Madeira were d i  by Wen& et d. (1976) with ages ranging 
from 8 to 13 &la. The rlocks are altered anid thmerfrore the 
measllrad ages sh.did be regarded as mhimzm ages. Emeyer, 
the olldesit ages are very similar to our ages of P d o  Sanb. 
Because the only ages measured zlrll dong the east part d 
the Amms-Gibraltar Zone are older than 30 NIa Ferawd et al. 
(1977) it s e m  that the Tme-Madeira Riisle haJs been active 
about 12-13 Ma a g ~  in at least three places. It is nlot known 
if tihe uplift of Po& Sank discurssd above is relaked to 
PI&-early M301cene uplift of C o h g e  Bank (near Josephine 
Seamount) and oltnher parts d the ~oreMad&la FLke, hkm- 
preM as resulking from compression between the African 
and Eurlasian platies along the East ha res  Fraoture Zone 
(Laughton et d. 1975 ; Eb~min, 1978). 
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Sy&etm&ic change8 in the chemical aompo&ion of magmars 
erupted during sulcoessive phases occur on several Atlantic 
i s k d s  (Scixnincke, 1973, 1981). 'lke ch&d data repented 
here for Sanha Maria m c b  are insufficient 2ro fully charac- 
terize the different formatio~s dated. Neverbheless, lam d 
the basement f o r ~ i o n  are  less alkdic $hem those d the 
younger pillow complex and subalerid lams but tihe Wifmence 
is much less pmnuncd than that between magmatic phases on 
Grm Canaria (Sdmiincke, 1981). Iinkresthgly, the t ine gap 
between the basement and the pillow laws  is leis than 1 Ma, 
while .the ages of tihe pillow and capping bma& are experi- 
mea.My indiskinguishaibrle. The majlor m a o l n f t y  aWng  the 
basement series is possibly generated by pnrolcesses such as 
regional sea lwd chingas w d a k e d  to geodynanuic processes 
beneath Santa Wia governing generahion and eruption d 
magmas. Tre existence of smda clones m Santa Mmia, however, 
s h m  h i t  even y w e r  vlolcan~oes exist cm this island. A more 

eydmtion of the ohemid  evolution d Sank4 Maria 
must thus wait unM a fuller dlolcu~n~entatim d corn- 
~position of rookg d different ages is aavilahle. The que6lim 
of why s'everd magmatic p ~ h e s  are mow oomnm in idands 
like the Canary Glands aoanrp~med to  the h e s  is discwed 
mlore fully elsewhere (S&nlin,cke, 1981). 

Perhaps the most oharacteristic feature of the chemical 
mp'osi~ol~ d P i d o  Sanb magmas is their low K-content and 
their high Na/K-ratio, similar to that of Madeira (Schmbcke 
& Weibd, 1972). The age d&a h a e  presented dearly show 
thak magmais generaked in bhe mantle b~~ the IWadeira 
Archiph~go have p~wt~~se id  this fieatme fior ak lelastt as Long 
as a b u t  13 Ma. Data are insufficient to show whether magmas 
erupherl dong orbhfer pmts of the Madeira-Tore Rise als~o show 
trhis particular chemical aomplolsition. The problem of mankle 
heterogeneity in 6his writ of the Mlmtic Is discuss4 by 
Schmbcke (1981). 
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The tanpard wolu~on of magma c h d & y  on Gran 
Cm~aria can h w  be docunnentd in more detail than before. 
Ne.phekin&e law reprmentd by very small local flwv ran-  
nank of the El Tabllem ForwaSion as much as 30 kn, apart 
were erupited in mmy park d Gran Canada a h w t  exactly 
5 Ma ago. This supports the sulgge&bn that these may repres- 
ent the find post-erosional nephelhite phase E d b w i n g  tihe 
Miocene shieid and subsequent more alkdic phases (-eke, 
1976). The s~amnd phase d nephelinitic ~0111- ~~g 
upon the R q u e  Nubile m~gmtt ic  p b w ,  originally thought to 
have occumd beheen 2.8 and 2.8 Ma (Liekz & Wmincke, 
1975), later moMid by Mc Doug& & Sdmhcke as having 
olocupred between 2.8 and 2.1 Ma, does indiead appear to have 
erupted chiefly between about 2.6 and 2.9 Ma, at  least in the 
higMan& (of Grm W ~ i a .  

The Quate~nary pilhow lava f ~ m  h a  Iiskha, whose & d c a l  
counpmitim is very similar to that given in Fumes & 
Stulrt (1976) is extremely Ti- (and Fe)rich-even for a Ti-rich 
province su& as the Canary Is-. Because of tihe atihemcke 
&ic ooywpo&ion this chemical feature mu& bre qmfmary > 
rabher h n  due .bol bw presswe fm~&oo;~atim of phases such 
as olivine. The lava is & d c a U y  sbilm tof tihe aepheJiniCes 
of the El Tablero and Los Umos f~rmabion (Scbincke, 1976 ; 
Lieitz & Slcihnninldce, 1975 ; this report) and diffem c h d d y  
frm the blai~anite P 17 (U& & Ehhminck, 1975) of sindm 
age M m h g  W nepheiW and basmite rmapas were 
e~~lpbe~d side by side on Grm Canmia during the early Qua- 
ternmy. 

Sea level changes 

If the basem& age of SanQ Marria is &en as ranging 
froan about 4.6 to 5.2 MQ (disregarding the olldier, less reliable 
age d 5.5 NLa) and the overlyring pl&w b a s a i t / s ~ &  crom- 
plex ras having f~cmm~ed b'etwen about 3.3 and 3.&Ma, &e 
major re~grmlsion (lor wp&ifIt) that cdmed the thmlozllgh erosion 
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of the basement must have taken @we during the uppmmlt 
Wocene early Pliocene. B c ~ ~ e s  mughly with the second 
rmajo~ regression on Gran Canaria (R 2) believed to have 
olcxurred between about 5 and 4.3 NIa (Id& & 9chmhcke, 
1975), reinfming &eir tentative interlyretation that it rniigbt 
be th result of a widespread lowering of sea levd a t  this 
time rather than vertical m~ovment of the islands. The sub- 
sequent ctrangressim, hoiwwer, is not easily clolrrelatrd, d a h  
from Gxan Canaria arlguing for a r add  kamgres~sim around 
4.3 Ma and age d tbe upper 5 a s s W m s  bed as about 4.2 Ma 
(Li& & S~chmincke, 1975) while the Sank Maria p%m lavas 
and intenbedded cd~carentw are m e  likely tia have been 
emplaced between 3.5 and 4 Ma. Sun& K/Ar age deswepandes 
between stratigraphically equivalent lavas, slight alteration in 
some r o c b  and the tihat onset a d  dmaihn of 
wkmism. may have ddff~ered appredably bletween both isIran&, 
ma if tram@ese;bn rrvay hahave bleen sysichrmm, make Y 
impassible at  present to decid'e if thie fmmsuti1on 06 tihe fomili- 
fiemug, C1ypwster.-baa~ing o a l ~ w e n * ~  of G m  Canaria and 
Sjanta Maria and bhus the transgression6 are e m d y  syn&o- 
nous or not. Inte~eslt 'ily, maximum .presmt e l d i m  d 
mar,ine beds/pibws of these fio~urdiims are nearly idenhid 
f m  both Hands, a b u t  130 an for Gnan Cama~iia and 150 m for 
Slanitia Maria. Moreover, the new K/Ar-ages show that the 
f~wdiferloius se-n;ts on both W n &  are  nat of Middle 
Wooene age as assumed in the older literature brut of Lower/ 
/lMid&e Pliy)!cane age. 

On the o~ther hand, the age d the h n t ~ o  Sanb d c m e -  
nikes, suspected to ble older (Vbdobo~llim) than those on Santa 
Maria and Gxan Canaria on pdei~rll~bolo&d ginmds (Liekz & 
S&mrzh&, 1970) are now certainly oa. 12.5 to 13.5 Ma old, 
about 3 times as  old as those on Gran Cm& and b t r a  Marria. 
There is a great need for dating the l a m  underlying calca- 
reni ts  that have bee21 reptorrtd f m n  n&ghbouring Madeira 
for over 100 yeam and that are b&wd to ble menal wlth 
tho% d Po&o Smto (Mitchd-Thome, 1976). Madeira does not 
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seem to have experienced a rather long volcanic history, 
judging f r m  its youWd rnorp'bo]l~gical appearance, and all 
K/Aavge deiteTminr51tim available (Watkh & Abldel-Monem, 
1971 ; NLacedo et d., 1974 ; this report) are younger than abut 
4 Ma. lrae oocmence of Miocene sediments on Madehx must 
thus be regarded with some scepticism. 
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