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The Mesoz oic alkaline activ ity in Ce n tra l-Ea s tern Paraguay consists of a gro u p
of cornplexes. p1ugs and associa ted d ikes w h ich were em p laced 120 Ma ago
(Capaldi, un p ublished da ta) in to th e central are a of the As u ncio n-Sap ucai graben
(Fig. 1).
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Fig. 1 - Ske tch m ap showing the Asu nción-Sapucai grabc n and the m ain occu rrences of
magmatic rock -typcs, N urnbe r of K-complcxcs and plugs, as in Tab le 1.

The al kaline rock-ty pe s, in tru ded in to th e con tinental Silu rian sa ndstones of the
Caacu p é Fo rrn a tion (Bellieni e t· a l., 1986 and ther ein referen ces ), vary fr om
tr achybasa lts and basa n ites to phonoli tes an el peralka lin e phonolit es and th eir
in tr usive equ ivalen ts, i.e . alka line ga bbros and ther alites to nephelin syenites .

Th e ernph as is of thi s s tudy w ill be on the geoche m is try of bas ic-intermed iate
rock-types sam p led in nine co mplexes anel p lugs of As u nc ion-Sap ucai graben
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(A SU) and s ys tem a t ica ll y sh ow ing
(Na20+K20 )/ A120 3 molar ratio < 1).

Fig. 2. - Total a lkali - SiÜ2 d iagra m Na 2Ot-K :O
w it h sub-d ivisi ons from Le M ailre
(1989) . The d ashed fields as infer red
i ram Peccerillo & Taylor (1976) and
Foley (1987). Sourcc o f da la : th is work 10
and Co rn in -C hiara rno n ti & De Min
(unpublished avcra ged analyses)

5

m e taal um inou s tendency (i. e.

(JJ
I

Represen ta tive and averaged ana lyses are p lo t ted in TAS and variation
diagrams (Figs . 2 and 3, res pe ctively) and selected ana lyses are reported in Tab le 1.

Table 1

I 2 3 4 5 6 7 8 9
Au",..l SITCIT<lS A.::.>.hly SI José S>p=i v.....l)· .-\ ~Wpc IY ~ lbocJ:. ':lJy C~

N :IJ-l 30 ,;0 33 -11 33-1-1 PS 233 PS 237 PS 30 PS 3 1 PS 2-15 PS 2cH PS 263 :.::<.)

SiO; 5-1.97 5 2. 17 47.4 1 5: .3: 51. 55 -19.85 49 .35 53 .90 -15. 11 4 9.35 53 .26 47 .03

T0~ 1.:1 \3-1 1.0~ 1.5: 1.61 1.85 1.78 IA3 2.06 1.9 5 1.3 1 1.60
..>,1::0:> 17.27 17 .7 1 15.00 16.23 17.02 13. 02 18.l : UI.:9 13. 11 13.1 9 l -t .3 ~ 1: .98

Fc:O:; 1.0 : 1.:7 1.65 1.30 1.2-1 I" 1.30 0 .99 1.-1: 1A7 1.11 1.4 9.~

1'<0 5 .~-I 7 .2-1 9.-1 1 7A3 7 .06 8.: 3 iA : 5 .67 8 .10 8.-1: ó3~ 8.50
~v!!:o 0 .15 0 .18 0 .13 0.16 0.15 0. 18 0.16 0 .1-1 0.19 0.!7 0. 1 1 0 .13
~ 4,,() 3 .1: 3 .7 1 6 .89 5.24 4 .29 7 .68 -1.87 : .3-1 9 .75 6 .76 6.57 8 .7 0
CoO S .~ -t 73-1 11.06 7 .66 8.0 1 11.80 8.9-1 5.cH 10.55 9 .: 3 5 .-1 1 1 1.7 1
S":fJ 6 .09 3 .9 1 1 .7 8 3 .99 -1 .53 3.36 3 .15 -1.63 3.-11 1. 60 : .10 2 043
K:O -136 -1 .6: 2.30 3 .69 3. 97 : .:0 4.: : 5 .95 5 .53 5 .93 83 3 4.90
P:;05 0 .73 0 .5 1 0 .80 0.':6 0 .56 0 .33 0 .68 0 .5 1 0 .77 0. 33 0 .6 1 0.47

f-c: 0:3 -1.13 3 .0: 3.-17 4.99 : .48 3 .03 3 .0 : 3 .~ : 4.-15 : .56 3.3 0 3 .76

FcO : .81 5A7 7.51) 4.00 5 .7 8 6.6: 5 .67 3 .55 5.15 7 .2-1 4 .1 1 6 .':.7
W : .5 1 1.7 1 1.03 I.O-l 1.:0 0 .99 0.83 0 .33 1.23 1.: 5 2 .17 0 .99
y 99":7 99 .69 99. 17 100.17 99 .3 1 99 . ~7 98.90 99 .:: 99 .3 I 99 .29 99 .3 8 99.28
~W' 0 .-183 0.477 0 ..566 0 .557 0.5 : 0 0 .6 ~ 9 0 .53 9 O.47~ 0 .68"2 0 .5 89 0 .cH9 0 .6-16
.-'..1. 0. 35 0. 6 5 0.51 0.65 0 .69 0.6 1 0.5-1 0 .77 0 .33 0.8 1 0 .87 0.7::
K:::O"-S.:o o.r; 1.1 3 1.01 0 .93 0 .88 0 .66 13-1 1.: 9 1.6 : ~ .::3 3 .99 : .0 :

0 42 ." 1 15 155 57 153 37 '1 5 2 83 :-1 1 -1 :9 :50
>;i : 5 13 .;.-J 50 .. -1 7 15 9 109 56 131 60
x 10.9 36.5 23.9 :5.8 3 9.-1 26 9 .9 36. 3 3:.-1 5ó .3
R!> 103 I CQ 53 92 11 1 41 116 1~3 11-1 136 ~ 03 115
s- 15 6~ 1·109 1356 J ~ ~-I 1555 15 97 1853 5 1-1 1 6 ~·1 1507 J8! I 1335
Zr ·193 267 ::4 ::5 1Ti ~ s: 2 13 : 9 1 179 : 5 ~ 3 S:: :07
>.0 6~ 4 1 16 3 1 3-1 ~ 3 26 -1 3 -1 1 33 -1 3 39
T" 8 .-1 5 .1 1.3 ~ 3 '1.6 1.5 1.-1 1.3 3 .1 :.8 3 .1
Da J09-\ 1186 1003 11 17 1 1-1: 7 ~9 126S H~5 19 58 17-11 1995 1331
1:1 ~ -I.5 11. 9 15.6 ·1.3 9.1 8 8.5 1: .7 6 .6 6 .2 9.3 9
C Ó 4 .5 13 :A 1.8 1.9 ~ . 9 1.7 1.9 3 .1
Y 15. 9 19 15.6 1 1.-1 15.: : 3 15 : 5.3 .- 18.4 19 15
La 106 .-1 7 9 58.7 63 ll U 5: 66 .: 93. 9 106 3 83 lOS 7 1
C : :C-9.6 1-l6 1-1-1 .9 1-17 1.:'-1 .7 106 1 ~9 .1 15 1.4 177 .5 163 .5 197 1+5,,. :0.3 !-l .7 1~ . 9 15 1: 19.3 :7r.
~ 68 .7 60 59 .-1 -l-l.l 5-\.: 50 45 .3 60 .3 iS.-I 66.3 65 5 9
s.... 16.6 9A 11.8 12. 1 13 10 13 .7 14.9 :1.3 11.1 1:.9 9 .6
~ ... 1.9 3 .1 . .~ : .6 1.9 1 .5 : .6 : .5 3 : .5 ~ .6

G:l 3 .1 3 .9 -1.7 6...; -1 .1 5 73 5 .5 5.5 5.S 4.3 5A
lb 0 .53 0 .77 0 .7 1 0 .6 0.3 0 .9 0 .67 .0. 93 0 .7 0 .79 0 .61
l~ 3.: 3 .6 4 .1 3 .09 3 .: 1 3.15 3 .29 3 .7 3 .73 3 .5 3.7
Bo 0.3 0.8-1 0 .65 0 .7: 0 .7 9 0.7'1 1. 13
::r :: .11 1.8 1 1.6: :2.0 1 1.77 2.:27 : .01 _.- 1.-17 1.2 1.3
1ill 0.:<) 0 .:6 0.: 7 0 .: 3 0.:8 03 5 0 3-1
Yb 1.6 I A S lA 1.41 1.6: 1.6 13 1.53 13 1.l 6 I I.l
b 0 .23 0 .:1 0. : :5 0.:47 0 .263 0 .1 5 O.:::: 0 .:57 0 .: 49 0 .11: 0. 1: 0.1-1

~JISr{86S: 0.707 1l:l(6) 0.70 SOC\6) 0.707::C{3: ) «iarn;7) 0 .707 ·15(:) 0.707iJ(: ) 0 .7073 7(3)
:':0 ( I : U\ í;,) 0.70 63 5 0 .70694 0.7069-1 0.707-1':. 0.7 0 700 0.707 13 0.70696
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Three m ain g roups are appa rent (Fig . 2): i) "Shoshonitic" (SH O) rock-types,
comrnon in th e w es tern com p lexas and p lugs; ii) "u ltra potassic" (UK) rock-types
(association III o f Foley et al., 1987), dominant in th e eas tern complexes; iii) rock­
types (K) in termediate between the above grou ps, widespread in th e w ho le
region .
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Fig. 3 - Varia tions of ma jor anel
selecíed trace elerne n ts in ASU
alkaline rock-types w ith MgO
as ind ex o f d iffere n ti a- ti o n .
Symbols as in Fig. 2.

ln gen eral, mg-val ues as we ll as N i an d Cr con ten ts are rela tiv e1 y 10 \'/ arid the
rock-types w ith m g- values w hich m igh t be app ro p ia te fo r primary m antle m elts
show cu rnu lus te xt ures . N o tab1y, th e m ajor and tr ace e1emen t var ia tio ns i n a
s ingle compl ex o r p lug a re co ntro lle d b y re m oval 0 1' a ccumu lat io n of
c1inop yroxene + olivine + bio tite ± Ti-m agnet i te ± p1agi ocl ase + foids . H ow ev er
fracti o na1 crys tall iz a tio n à oes not ex plain th e ch emi cal differences be tw een
SHO+K arid UK groups (Fig. 3). N o te th at in SHO +K ro ck types Rb, Ba and N b
have h igh pos itive corre la tions w ith K20 and MgO, w hereas Zr an d Y elispl ay
simila r cori ten ts, 30 0 (+1 00) anel 18 (+8) p p m, respec tiv ely, in both SHO+K an d
U K gro u ps . l n general, the sca ttered elemen tal varia tions sugges t dist inct magma
reservoi rs at shallow Ievels . Th e che rnical differ ences m.ay b e d ue to d ifferen t
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H20 and 02 (F,P ) activ ities responsible for th e crys talliza tion of biotite+apatite +
amphibole (cf. Comin-Chiar amon ti et al., 1991).

Fig. ti .. Primord ial man­
t le normalized d ia ­
g ra ms fo r AS U
(Asunci õn-Sa p u cai) a nd
RRTL (Rom a n Regi o n)
avcr a gcd a na lyses
(SHO , K, U K ;
shoshon itic, K-a lka l inc
and u ltr apota ssic rock­
typ es) . RRTL so u rce
da ta: Cive t ta e t a lo
(1987); Beccaluva e t aI.
(1991) .
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The observe d geochemical trends for K-magmatism in Eastern Paraguay are
quite similar to those of "Roman Region Type Lavas" (RRTL, Barton, 1979;
Cive tta et al., 1987; Beccalu va et al ., 1991), where SHO, K and UK rock-types are
bel ieved to be ori ginated from mantle p eridotites var iab ly contaminated by
subducted crus tal m ateriaIs .

The sp idergra ms of Figure 4 show, for similar rock-types , similar negati ve
spikes for Ta-Nb, Zr , Ti and positi ve spikes for Sm and Tb . The major differ ences
regard the contrasting ratios relati ve to Rb/Ba, a negative anomaly for Th (U) in
Paragua y rock- ty pes which a150 ha ve higher LREE/HREE (Y) ra tios. Ba/Nb vs.
La/ Nb pIot (Fig. 5) shows that ASU, RRTL, primordial m antl e and E-MORB
define an array wh ich does not include the bulk continental crust.

ln the Nb/Zr vs Th / Zr (Fig. 5) th e K-m agmatism of Paraguay (ASU) plots in
the "subductio n setting" of Beccaluv a e t al. (1991) eve n if it is related to
exte nsional ri fting. Thi s su ggests that the ASU chemical characteris tics can be due
to "metasom ati zed" m antl e per idotites w ith N b-be aring residual phasets). This
can exp la in the relati velyhigh and con stant 87Sr / 86Sr initial ratios (av. 0.70n +
0.00003) of ASU magmatims, without the intervention of substantial crustal
contam ina tion .
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Fig. 5 - Ba/Nb vs La /Nb and 100Th / Zr vs 100Nb/Zr diagrams for averaged field s for ASU a nd
RRTL (cf. Fig. 4). Source of da ta: this work (ASU, cf Table 1) and Civetta et al . (1987) + Beccaluva
et a1. (1991) for RRTL and MORB+WPB. CC: co n tinen tal crust (cf Weaver, 1991); WR: Wal vis Ridge
(Hu mpheris & Thomson , 1983); TdC: Tri stan da Cunha (Le Roex et aI., 1990); PM: Primordial
Man tle (Wood et a1., 1979); N -MORB and E-MORB, from South Atlantic (Sun et al., 1979).
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