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AMOMALOUS UPPER MANTLE BEWEATH THE CEWNTRAL AMDES.
ISOSTASY AMD AMDEAMN UPLIFT.
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Resumarsy Tres modelos corticales con manto superior “normal” g andmalo en
dos secciones oravimétricas (22° S y 25° ) de los Andes Centrales, fueron
comparados. Be analiza la eleccion de uno u otro para evaluar tanto el egui-
librio isostatico como el levantamiento andino.
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Introduction:

It have been pointed out that below the Central Andes it could exist : (1)
significant hesting on the lithospheric mantle (Froideveaux - Isacks, 1984; In-
trocaso ~ Pacino, 1988; Introcaso, 1988) and (2) cooling produced by the Naz-
ca Plate subduction beneath the continental lithosphere (Grow - Bowin, 1975;
Introcaso - Pacino, 1988) We analize two effects : the one on the gravity and
the one on the Andean uplift. Both of them would produce density ancmalies
from (1) and (2). From (1), we would have lesser gravity and uplift eg.; from
{2}, it would be hish gravity and subsidence &z.. Dur study involves two
gravity sections located on 2Z2° and 25° South latitude, with Bouguer anoma-
lies of more than — 400 mGal

Isostatic compensation Uplift mechanisms.

In order to analize the relationship between the upper mantle masses
anomalies, the isostatic squilibrium and the Andean elevation, we study the
campensation by calculating isostatic anomalies in threes levels : (a3) at the
maximun orustal depth, with compensating root (AR5 = 5675 by, where hy is
the topographic slevation. In this case we assume the Bouguer anomaly (4B)3
as totally originated by the crustal root; (B at 140 km deep, at the bottom
of tha thermal lithosphere So, the thickness of the crustal root (&Fs‘i)b would
be diminished in B23 &g, respect to {4R)); and the Bouguer anomaly (AB)b
would involve the thermal root and the crustal thickness, now diminished; (@

at 400 km deep (rwvolving the subducted Mazoca Plate) In this case, according
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to our model, the oceanic plate sffect would demand to diminish the orustal
thicknass defined in (&) in 825 (¢p.— &g) S0, the Bouguer anomaly (ABic
would be compensed by the Followujﬁg eFi-‘Ec:ts : modificated orustal root,
thermzl root and subducted Mazca Plate We must rote that o, and e,
effects, if they sxist toghether, could be partially cancelled

The three models presert perfect masses balance, but at different
depths. Because of this, the addition of the gravimetric =ffects that
originates the compensating masses, is different in each one of them MNever-
theless, by comparing () and &), for example, we show that these differences
are not significant. In fact, if we think that the real model iz (), but we do
not know the masses distribution below the sea level, it is ususl to work
with a clas=zical model (Qike (&) to evaluate iscstasu The gravity results
show that, in general terms, the isostatic equilibrium was reached In this
case, the choice between (&) or (b models iz mot oritical for  svaluatinog
isostasy. But it is critical to find ocut the crustal charscteristcs and to
explain the Central Andean elevations. So, model (8) explains the uplift bu
crustal shortening (5,) or magmatic crustal addition (Mz), or by a combina-
tion of both mechanisms (S, + Mg) In model (), the izostatic compensation of
the Andesn masses is reached from a thermal lithospheric root and a
crustal thickening wroduced by S‘,. or Mg or (qh + Mz) Fig 1 partially shows
one of the two aravity sections analized from {(a) and (&) models: the one
located on 23° South latitude Fig 1 A shows the topooraphic slevstion ht’
the crustal roots (AR); and (AR), and the thermal root (AR). Fig. 1 B shows
the Bouguer anomalies (AB)y and (AB), Fig 1 C shows the isostatic anomsliss
(Al and (Al

From {&B)z gravity inversion, we found a maximun orustal root of 32 km,
while (AB)b presents a maximun crustal root of ZB km This crustal root was
obtained from (AB), sravity inversion with: BB), = ABly + € where Gy i=
the thermal gravity correction.

He have calculsted the isostabic anomalies (Alg that correspond to the
() model, with an isostatic correction (CDg obtained from (R)y; = 6E75 Fig.
The isostatic anomalisz (AB), that correspond to the (b) model were calcula-
ted starting from (@4Ry, = 6875 by — 823 en. Mow, the density excess
produced by the crustal root diminishes in 529 ka {(= 823 e,c) so balancing
the density deficit originated by the thermal root. So, BZ5 Ly ecl} x 04 =
706422 ¥ 003 or, in other words, the Andean masses are compensated at
depth of i4D kin , by means of & combination of the crustal root (how cizrmm—
shed) and the thermal lithospheric root. Then, below hy we have b x ¢ =
Ry, x o — og) + (& + &) x o — o'y All densities and thickness of this
expression can be found in Fig. 1.

Argone of the models, (2) or (b)) defines the isostatical condition Mever-
theless, the seismic results of the Germany Group (mentiorned by Strunk,
1990 point out that the crustal thickness is consistent with the thickness
found i ). _

Let's return now to model @) Here, the Andean masses sre balanced from
a combination of corustal thickness B or Mz or B+ Mg thermal litho-
soheric root (RT) and vertical contraction (G related to the subducted
MHazca Plate.
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Fig. 1. A : Andean crust on 23° South latitude. (ARY; root corresponds to
model (a) with “normal” upper mantle. (AR), and (AR); roots correspond to
model {B) with heating in the lower middle part of the thermal lithosphere.
(B : Observed Bouguer anomaly (AB); with maximun amplitude of more than
—-400 mGal below the andean axis, and Bouguer anomaly (ABk, corrected by
heating effect C, (maximun C, values: 4 60 mGal. Q) : Isostatic anomalies {ADz
and (Al)b calculated from models {a) and (b) respactively.
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Conclusions

Different crustal thicknesses from gravimetrical inversions made from
(AR, (AB), or (ABl)z have been fourd In particular, we can see this in Fig 1
for (&) and (B models. Mevertheless, the isostatic anomalies (Aly and (Al
are consistent between themselves.

The choice among (8), ) or (@ defines the posibilities for the different
mechanisms to exist. This choice must be done truing to find the model whose
crustal thicknesz could be consistent with the seismic results. In the 25°
South latitude sectiom, model (0 is probable

Thiz worl, in itz whole version, analizes the posibilities of {(a), ) and
{e) models to explain the Central Andes uplift.
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