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ABSTRACT 

Priem, H. N. A., D. J. Beets, N. A. I. M. Boelrijk, E. H. Hebeda, E. A. Th. Verdurmen & R. H . 
Verschure (1978). Rb-Sr evidence for episodic intrusion of the Late Cretaceous tonalitic batholith of 
Aruba, Netherlands Antilles. In: H. J . Mac Gillavry & D. J. Beets (eds.) : The 8th Caribbean 
Geological Conference (Willemstad, 1977). Geo!. Mijnbouw, 57, p. 293-296. 

Rb-Sr investigations revealed an age of 85.1 ± 0.5 Ma (Coniacian-Santonian) for the northwestern 
part of the tonalitic batholith on Aruba, and an age of70.4 ± 2.0 Ma (Maastrichtian) for the remaining 
part. The dates are interpreted in terms of an episodic intrusion of the batholith. It is discussed that 
the two episodes of tonalitic magmatism belong to two different tectonic-magmatic phases in the 
geologic evolution of the Caribbean region. 

INTRODUCTION 

The greater part of the island of Aruba (Fig. 1) is occupied by a 
composite batholith of mainly tonalitic composition, intrusive 
into folded sequences of metavolcanics (predominantly of 
basaltic composition) and minor metasediments showing 
greenschist facies metamorphism and containing scarce am­
monites of probably Turonian age. A wide variety of rocks can 
be recognized in the batholith. The most common rock is 
hornblende tonalite, occasionally rich in biotite, but other 
components include ( quartz)norite, quartz-hornblende 
gabbro, trondjemite, granitic pegmatite and melatonalite 
(hooibergite). Wide-spread assimilation of basaltic country 
rock by the emplacing tonalitic magma has taken place 
(WESTERMANN, 1932; HELMERS, 1977; HELMERS & BEETS, 1977). 
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Rb-Sr INVESTIGATIONS 

This paper discusses the results of Rb-Sr investigations on 
eleven tonalitic samples from the batholith, collected all over 

' the island (Fig. 1 ). Whole-rock measurements were made on 
all samples. From four samples biotite was separated and 
analysed. The results are listed in Tables I and II and plotted in 
the diagram of Fig. 2. All ages are based upon the Rb decay 
constant of 1.42xl0-11 a-1 (STEIGER & JAGER, 1977). The errors 
in the isochron calculations are at the 95 % confidence level. 

The biotites reveal two distinctly different Rb-Sr ages. Two, 
both from the northwestern corner of the island, have an age 
of about 85 Ma. The other two biotites, from the central part of 
the batholith, show ages of about 70 Ma. Due to the un­
favourable low Rb/Sr ratios, it is impossible, within the limits 
of error, to distinguish with certainty between the two age 
groups among the whole-rock data. The four samples from 
N.W. Aruba do show, however, a tendency towards a steeper 
alignment than the other samples (Fig. 2). If we connect the 
four whole-rock data-points from N.W. Aruba with the two 
biotite data-points from the same area, we obtain an isochron 
with an age of 85.1 ± 0.5 Ma and initial 87Sr/86Sr of0.7033 ± 
0.0002. The two biotites from central Aruba together with the 
remaining whole-rock data-points also give a good isochron, 
corresponding to an age of 70.4 ± 2.0 Ma and initial 87Sr/86 Sr 
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Fig. 1 
Geological sketch map of Aruba, simplified after Westermann (1932). 
Stippled: tonalitic batholith; horizontal shading: sequences of me­
tavolcanics and metasediments; blanc areas: Late Tertiary and Qua­
ternary deposits (mainly coral reefs). The stars and numbers refer to 
the investigated samples. 

of0.7039 ± 0.0006. This younger isochron includes one sample 
from N.W. Aruba (Ant 109), a granodiorite vein cutting the 
main tonalitic mass in this area. 

From the Rb-Sr data we conclude that the tonalitic bath­
olith of Aruba is made up of (at least) two separate intrusions 
some 15 Ma apart. The older part, preserved in the north­
western corner of the island, was emplaced about 85 Ma ago. 
The younger intrusion, probably forming the greater part of 
the batholith, took place about 70 Ma ago, confirming the 
Rb-Sr and K-Ar dates obtained earlier on a single biotite from 
central Aruba (PRIEM ET AL., 1966). 

DISCUSSION 

Two time-scales for the Late Cretaceous have been proposed 
recently, one by OBRADOVICH & COBBAN (1975)and the other by 
VAN HINTE (1976). Both papers approximately agree on the 
time interval assi,gned to the Maastrichtian, 66/67 Ma (0 & C) 
or 67 Ma (VH) for the Maastrichtian/Tertiary boundary, and 
70/71 Ma (0 & C) or 72 Ma (VH) for the Campanian/Maas­
trichtian boundary (all dates converted + 2.5%, using the new 
set of K constants recommended by STEIGER & JAGER, 1977). 
The age of70.4 ± 2.0 Ma places the intrusion of the main part 
of the batholith thus in the Maastrichtian. Regarding the 
northwestern part of the batholith the age of 85.1 ± 0.5 Ma 
falls within the interval Coniacian-Santonian, in view of the 
datesof89Ma (0 & C) or88 Ma(VH)and84 Ma (0 &C) or80 
Ma (VH) assigned to the boundaries Turonian/Coniacian and 
Santonian/Campanian, respectively. The Coniacian/San­
tonian boundary is taken at88'Ma by Obradovich & Cobban 
and at 84 Ma by Van Hinte, but no reliable isotopic dates are 
available directly bearing on this boundary. It is thus not well 
possible to fit the age of 85.1 ± 0.5 Ma accurately in the 
biostratigraphic time-scale, other than within the interval Co­
ni acian-S an toni an. 
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Fig. 2 
Plot of Rb-Sr data. Stars: samples from N.W. Aruba; closed circles: 
samples from other parts of the batholith. 

PLATE TECTONIC INTERPRETATION 

Before attempting to interpret the episodic tonalitic mag­
matism on Aruba in terms of the geologic evolution of the 
Caribbean region, it is appropriate to summarize briefly the 
magmatic history of the Leeward islands of the Netherlands 
Antilles (Aruba, Curar,:ao and Bonaire) as envisaged by BEETS 

& MAC GILLA VRY (1977) : 

(1) An Early Cretaceous(? Aptian) to Coniacian phase with 
abundant submarine volcanism of the tholeiitic series (sAN­

TAMARiA & SCHUBERT, 1974; DONNELLY ET AL., 1973; DONNELLY 

& ROGERS, 1978; BEUNK & KLAVER, 1977) During this phase 
thick monotonous sequences of basic volcanics with a chemi­
stry similar to that of mid-ocean ridge basalt were formed 
(Curar,:ao Lava Formation; diabase-schist-tuff formation of 
Aruba), or thick sequences ranging in composition from basalt 
to rhyodacite and belonging to the primitive island arc suite 
(Washikemba Formation of Bonaire ). Terrigenous detritus, if 
present, is wholly made of volcaniclastic debris. 

(2) A late Senonian-Palaeocene phase with less magmatic 
activity and an increase in elastic sedimentation, as appears 
from sections on Curar,:ao and Bonaire. No sediments of this 
phase have been found on Aruba. The igneous rocks belong to 
the calc-alkaline series (SANTAMARIA & SCHUBERT, 1974; BEUNK 

& KLAVER, 1977). On the basis of earlier data (PRIEM ET AL., 

1966) it was thought that intrusion of the entire batholith of 
Aruba took place in this interval. Influx of sialic detritus on 
Curar,:ao shows the proximity of the South American con­
tinent during this phase. 



Table I 
Tonalitic batholith Aruba, whole-rocks 

Sample 
Nr. 

Rb1 Sr1 Rb/Sr1 87Srl"6 Sr 87Rbl"6 Sr 
(ppm Wt) (ppm Wt) (Wt/Wt) 

northwestern part 
Ant 102 18.0 444 0.0405 0.70298 } 0.70321 0.1171 
Ant 107 52.3 250 0.2098 0.70414 0.6074 
Ant 108 54.3 162 0.3356 0.70440 0.9716 
Ant 112 15.4 299 0.0516 0.70367 0.1494 

15.7+ 

main batholith 
Ant 109'3 55.5 176 0.3163 0.70460 0.9158 
Ant 117 28.8 196 0.1466 0.70404 0.4244 
Ant 118 44.9 158 0.2848 0.70476 0.8246 
Ant 120 15.6 271 0.0575 0.70411 0.1663 

15.6+ 
Ant 121 13.6 66.3 0.2050 0.70413 0.5935 
Ant 122 26.5 186 0.1422 0.70400 0.4117 
Ant 137 6.06 220 0.0276 0.70383 0.0799 

6.08+ 

1 X-Ray fluorescence spectrometric data, except for the figures mar­
ked + which were obtained by isotope dilution analysis. 

2 Direct measurements on unspiked samples. 
3 Vein cutting main mass in northwestern part. 

The two phases are separated by an unconformity, as appears 
from sections on Curai;:ao and Bonaire. 

The interpretation of the Early Cretaceous to Coniacian 
magmatic phase has been the subject of considerable debate. 
On the basis of geologic arguments MARESCH (1974, 1976) and 
BEETS & MAC GILLAVRY (1977) assume that the volcanics are 
part of an oceanic island arc which collided with the South 
American continent in the interval between the Coniacian and 
the Campanian. On the other hand, DONNELLY ET AL. (1973), 
DONNELLY (1975) and DONNELLY & ROGERS (1978) assume, on 
the basis of the main and trace element" chemistry, that the 
basalts of the Curai;:ao Lava Formation and the Aruban 
diabase-schist tuff formation have been formed in an ex­
tensional environment (ocean floor). In their most recent pa­
per, DONNELLY & ROGERS (1978) suggest that the basalt se­
quences are allochthonous and obducted on the continental 
margin. So, despite the controversy about the tectonic en­
vironment in which the volcanics have been formed, all 
authors agree that the rocks have not been formed on the 
continental margin of northern South America, but have been 
tectonically transported towards this margin. This in contrast 
to the younger, Late Senonian-Palaeocene, calc-alkaline 
phase, which is considered to represent an island arc upon the 
continental margin of northern South America (SANTAMARfA 

& SCHUBERT, 1974; MARESCH, 1974; BEETS & MAC GILLAVRY, 

1977). This island arc developed above a southward-dipping 
Benioff zone in response to continuing plate movement after 
collision of the island-arc or obduction of the ocean floor. 

In order to interpret the 85.1 ± 0.5 Ma age for the north-

Table II 
Tonalitic batholith Aruba, biotites 

Sample 
Nr. 

Rb1 Sr1 87Srl"6Sr 
(ppm Wt) (ppm Wt) 

Ant 102 214 6.95 0.81157 
212 7.02 0.80964 
213 7.00 0.81132 

Ant 108 352 3.62 1.0584 
354 3.61 1.0582 

Ant 120 175 15.4 0.73833 
174 14.7 0.74029 

Ant 122 294 6.19 0.83959 
294 6.21 0.83956 

1 Isotope dilution. 
2 Calculated from isotope dilution run. 
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89.84 } 88.18 85 ± 2 
89.05 

291.7 } 85 ± 2 
294.0 

32.84 } 74 ± 3 
34.47 

139.3 
138.9 } 69 ± 2 

3 Calculated with respect to the corresponding whole-rock sample. 
Errors based upon estimated errors of 1 % in Rb and Sr, and 0.05% 
in87 Sr/86Sr. Decay constant 1.42x10- 11 a- 1 (STEIGER & JAGER, 1977). 

western part of the Aruban torralitic batholith, it is of prime 
importance to date the actual collision or obduction. The 
youngest age for the older phase comes from the Washikemba 
Formation of Bonaire where Early Coniacian inoceramids 
( det. E . G. Kauffman in BEETS ET AL., 1977) occur in the upper 
part of the unit. The oldest age of the Late Senonian phase is 
Campanian, based on rudists in the section of Curai;:ao (BEETS, 

1977). Collision must thus have taken place in the time span 
between these dates. As is discussed above, the approximately 
85 Ma old episode of tonalitic magmatism on Aruba falls in the 
interval Coniacian-Santonian. In view of the fact that in the 
Late Senonian the subduction must already have proceeded 
80 to 100 km before calc-calkaline magma could have been 
generated, we think that the tonalite of northwestern Aruba 
belongs to the older magmatic phase of the islands. 

The model of magmatic episodicity for the development of 
the tonalitic batholith on Aruba will be tested by detailed 
mapping, chemical investigations and additional isotopic da­
ting. 
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