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Abstract. We are delineating with geophysics, between Paraguay, Argentina, Uruguay and Brazil,
the edges of the Rio de la Plata SCLM Archon Craton. For the geophysics constraint we focused on the
published data of S-wave (% dVs TX2011 3-D a global mantle shear-wave tomography model) that
is complemented with the published P-wave (% dVp continental, SAM5_P_2019 3-D Tomographic
Earth Model). Edges that are reinforced by the gravimetry (WGM2012 GLOBAL MODEL); crustal
thickness (mostly 41 km thick; that is thinning to the SSE); magnetometry (combination of EMAG,
WDMAM 2, and Compilation Getech); and peridotitic mantle geotherm information (characterized
by cratonic values 38.5/39-40 mW/m2 bordered east by, irregularly, by a strip of 41 mW/m2 and
it is weathered by 42-44.5 mW/m2; while the to west side denote typically non-cratonic values as
≥45 mW/m2). The tomographic S-wave and so as the P-wave define a seismically craton-keel that
extends to depths of ~280-300 km.¸ that are in general agreement with regional studies of several
other Archon cratonic regions. The inferred geotherm data for the Rio de la Plata SCLM Archon
Craton project keel thicknesses as great as 213 to 243 km depth. The Rio de la Plata SCLM Archon
Craton hosts abundant diamond-bearing lamproitic pipes, diamond-bearing picritic calc-alkaline
lamprophyres pipes (Paraguay), and diamond-bearing ultramafic lamprophyres (Uruguay).
Key word. Rio de la Plata SCLM Archon Craton, S-wave, P-wave, peridotitic mantle geotherm,
diamond-bearing lamproitic pipes, diamond-bearing lamprophyres.
Resumen. Se ha delineando con geofísica, entre Paraguay, Argentina, Uruguay y Brasil, los bordes
del SCLM Cratón Archon Río de la Plata. La definición geofísica, se centró en los datos publicados
de la onda S (% dVs TX2011 3-D, un modelo de tomografía de ondas-S del manto global) la que
se complementa con los datos publicados de ondas-P (% dVp continental, SAM5_P_2019 3-D
Modelo Tomográfico Terrestre). Los bordes han sido reforzados con la gravimetría (MODELO
GLOBAL WGM2012); espesor de la corteza (mayormente de 41 km de espesor; que se adelgaza al
SSE); magnetometría (combinación de EMAG, WDMAM 2 y Compilación Getech); e información
geotérmica del manto peridotítico (este se caracteriza por valores cratónicos 38.5/39-40 mW/m2
bordeado al este, irregularmente, por una franja de 41 mW/m2 y esta a su ver por 42-44.5 mW/
m2; mientras que el lado oeste denota típicamente valores no cratónicos ≥45 mW/m2). Las ondas
tomográficas S y P definen raíz sísmica cratónica que se extiende a profundidades de ~280-300 km.
Datos que están en general de acuerdo con estudios regionales de varias otras regiones cratónicas
Archon. Los datos de geotermia inferidos para el proyectado del SCLM Cratónico Archon Río de la
Plata infieren espesores de raíz-cratónica de hasta 213 a 243 km de profundidad. El SCLM Cratónico
Archon Río de la Plata alberga abundantes pipes lamproíticos con diamantes, pipes de lamprófidos
calco-alcalinos picríticos con diamantes (Paraguay) y lamprófidos ultramáficos con diamantes
(Uruguay).
Palabras clave. Rio de la Plata SCLM Archon Craton, S-Wave, P-Wave, geotermia peridotitica del
manto; pipes lamproíticos con diamantes, pipes de lamprófidos con diamantes.
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INTRODUCTION
Janse (1994) proposed a simple classification of cratons into three major divisions,
i.e. Archons, Protons, and Tectons. Cratons
were interpreted in the broadest sense in
that they include Archaean cores or nuclei
as well as Paleoproterozoic, Mesoproterozoic, and Neoproterozoic mobile belts. This
whole assemblage often carries a bewildering array of local stratigraphic and tectonic
names so that it is confusing for a geologist,
not familiar with the area, to understand the
tectonic pattern. This is important for diamond exploration as economic kimberlites
occur only in areas underlain by Archaean
basement, termed Archons, which in most
cases infers a thick lithosphere (Janse, 1994
and 1998).
Begg et al. (2009) modify the Janse (1998)
cratons terminology, in which the last major crustal tectonthermal event in Archons
occurred at ≥2.5 Ga (Archaeozoic), in Protons between 2.5 and 1 Ga (Lower to Middle
Proterozoic), and in Tectons at <1 Ga (Upper
Proterozoic).
Regarding the craton deep view, the
specifics of the study of the Earth’s deep
interior, including the lithosphere, is that
all of the parameters measured in direct
and indirect geophysical and geochemical surveys are interrelated, being strongly
dependent (among other factors) on pressure, temperature, composition, and the
physical state of matter. This necessitates
joint interpretation of the entire set of data
provided using different techniques in the
Earth sciences (such as seismic, gravity,
thermal, electromagnetic, and petrological) (Artemieva, 2011).
The lithosphere is the outermost, relatively rigid shell of the Earth, made up of
the crust and the underlying lithospheric
mantle. Beneath the continents, the subcontinental lithospheric mantle (SCLM) varies widely in thickness, from a few tens of

kilometers beneath active rift zones to >250
km beneath some ancient (Archon) cratonic
blocks (Begg et al., 2009). Presser (2011),
states that the LAB (Lithosphere asthenosphere boundary) depth greater than 193.5
at 195 km would denote ages> 2500 Ma., this
estimated from the formula z = 0.04 * t + 93.6
(Artemieva, 2006, see also Artemieva, 2011);
where t is the age in millions of years. Understanding the formation and evolution of
Archon cratons remains one of the holy grails
of earth science (Fouch et al., 2004 and references).
The SCLM, as sampled by xenoliths in
volcanic rocks and some exposed massifs,
consists almost entirely of peridotitic rocks
(olivine + orthopyroxene ± garnet ± clinopyroxene ± spinel). Re-Os isotopic studies
show that beneath some Archons cratons, the
SCLM is at least as old as the oldest known
crustal rocks (Begg et al., 2009 and references). Archon SCLM is strongly depleted
in basaltic components, with highly Magnesian olivine and pyroxenes, whereas Tecton
SCLM is only mildly depleted relative to
estimates of primitive mantle compositions;
Proton SCLM tends to be intermediate between these two extremes (Begg et al., 2009).
As can be appreciated in the works of
Rocha (2003), Rocha et al. (2011, 2016, and
2019), Chaves et al. (2016) and so as, Azevedo (2017); seismic (S and P-wave), constraints higher, craton-like, velocities beneath of Central South America indicating
that the probable Archon Craton lies along
the northern boundary of these terranes.
So, in this work we integrating geophysical data (Seismic, geotherm, gravity, and
magnetic) to constraints this probable Cratonic SCLM from Central- South America;
on this occasion a refined limit that will be
presented and discussed in this paper, this
as an update to the previous suggestions
that are shown in Presser (2016c, 2019 and
2020) as well as by Presser et al. (2017)
Presser and Benitez (2021).
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METHODOLOGY
For S-wave data we employed the (Body
waves) TX2011 3-D Tomographic Earth
Model, A global mantle shear-wave tomography model from Grand, (2002) available in:
http://ds.iris.edu/ds/products/emc-tx2011/
(consulted in 2015-2021). Available also in:
https://www.earth.ox.ac.uk/~smachine/cgi/
index.php?page=cross_section.
For P-wave data we used the (Body
waves) SAM5_P_2019 3-D Tomographic
Earth Model, Relative P-wave velocity
(%dVp) from Portner et al. (2019) available
in:
http://ds.iris.edu/ds/products/emcsam5_p_2019/ (consulted in April, 2021).
Available also in: https://www.earth.ox.ac.
uk/~smachine/cgi/index.php?page=cross_
section.
We were estimated the geotherms at 150
km depth used the Moulik and Ekstrom
(2014) model, which shows 3-degree spacing, the software used in Iris (http://ds.iris.
edu/dms/products/emc/depth_profile.
html) would achieve a very acceptable
extrapolation of the data (cf. comments
in Presser, 2020 and Presser and Benitez,
2021).
For configuration the Crustal Thickness
we used LITHO1.0; Lithospheric Model of
the Earth extracted from: https://igppweb.
ucsd.edu/~gabi/litho1.0.html (consulted in
March 2021).
In the Gravimetric Constraints we
used data of WGM2012 GLOBAL
MODEL(Bonvalot et al., 2012)available in:
https://bgi.obs-mip.fr/data-products/gridsand-models/wgm2012-global-model/ (consulted in February 2021).
For Magnetometric constraints we used
the global data EMAG or Earth Magnetic Anomaly Grid (https://www.ngdc.
noaa.gov/geomag/emag2.html);
WDMAM
(http://wdmam.org/download.
php#downloadmodel./WDMAM 2 (Lesur
et al., 2016) and Compilation Getech
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(https://getech.com/getech-products/content/magnetic-data/).
RESULTS
Seismic Constraints
Teleseismic travel time tomography is one
of the most widely used techniques to image
the 3D velocity structure of the lithosphere
and uppermost upper mantle. Its popularity resides in the relatively low cost of passive seismic deployments, the high horizontal resolution (on the scale of tens of kilometers) that can be achieved, its applicability
to regions with no local seismicity, and the
high‐quality data that can be extracted from
the array using cross‐correlation techniques
(Afonso et al., 2016 and references).
In diamond geology, the greatest exact approximation of the limits or the domain of
an Archon Cratonic SCLM is achieved with
geophysical tools; especially with the use of
S-wave that is complemented with P-wave
(cf. James et al., 2001, 2004; Fouch et al., 2004;
Begg et al., 2009; Artemieva, 2011; Faure et
al., 2011; Presser, 2011, 2016c, 2019 and 2020;
Presser et al., 2017; Celli et al., 2020; Chaves
et al., 2016; Assumpção et al., 2017).
S-wave and P-wave.
The information on both Vs and Vp
waves is particularly useful when making
inferences about the thermochemical structure of the Earth (cf. Afonso et al., 2016 and
references). While surface wave data provide essential constraints on the absolute
3D velocity structure, (Afonso et al., 2016).
In this regard, beneath Cratonic SCLM
from South America, we stand out works
of Schimmel et al. (2003), Assumpção et al.
(2004), Roccha (2003) Rocha et al. (2011,
2016 and 2019), Azevedo et al. (2015), Rosa
et al. (2016), Affonso et al. (2019) and others.
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Figure 1 - 1D of the S-waves (expressed as dVs% of
the model TX2011 vs PREM) on the different tectonic
environments of cratonic lithospheric mantles: archon,
proton and tecton. Archon lithospheric mantles: can be
identified by very high velocity =dVs% greater than 4.34.4 in relation to the PREM (between 100-175km depth);
from Presser (2020); Presser and Kumar (2020). Seismic
information source from: http://ds.iris.edu/dms/products/
emc/horizontalSlice.html, the Iris page.

Presser (2020; see also, Presser and Kumar, 2020) based on the behavior 1D of the
S-waves expressed as dVs% of the TX2011
3-D Tomographic Earth Model vs PREM
(cf. http://ds.iris.edu/dms/products/emc/
horizontalSlice.html), on the different kimberlites and lamproites in the Archon, Proton, and Tecton lithospheric mantles (Figure
1), affirmed that all diamond mines with a
high degree of diamonds (greater than 100
pht) occurred only in Archon lithospheric
mantles: i.e. lithospheric mantle with very
high velocity (dVs% greater than 4.3-4.4
about the PREM in 1D profiles, between
100-175 km depth) (Figure 1). When this is
taken as a global model at 150 km depth of
2D seismic tomographic of the dVs% model
TX2011 and in the delimited domains superior/equal to 4.3 dVs% and the area covered
by all the (rich and world-class) diamond
mines (of kimberlites and lamproites) the
criterion shows good agreement (Figure 2),
Presser (2020). So, this information we used
to delimit/configure the probable SCLM
Archon Craton Mantle.
Figure 3 Illustrates the delimitation of

Figure 2 - Global (seismic configuration) Archon lithospheric mantles here delimited by iso-lines on a global map of
% dVs at 150 km depth of the model TX2011. All the diamond mines (white balls), more especially those with greater
than 100 cpht, are located within the delimited Archon lithospheric mantles. Area that is understood to be undisturbed
over time and that could represent the core of the craton; this is archon-core. This refers to a lithospheric mantle
that may or may not coincide with that found by surface geology in shield areas (Presser, 2020; Presser and Kumar,
2020). Seismic information source from the Iris page.
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the inferred Cratonic SCLM beneath Central South America; this from dVs% of the
Tomography TX2011 model. The 3 upper
sheets of Figure 3 represent, from left to
right: dVs% isolines at 150 km depth. In the
middle, for the greater blue zone or highspeed dVs zone, is highlighting, in dashed,
the isoline 4.3%; area as indicated by Presser
(2020) they delimited domains of typically
Archon of SCLM; i.e. Cratonic SCLM. The
following figure highlights the edges of this
Cratonic SCLM that has been carefully adjusted with 2D profiles and horizontal plate
of the same dVs% information at 150 km
depth. This Cratonic SCLM delimited area is

sensed as being the Cratonic SCLM heart of
the Rio de la Plata Craton; which from now
on will be referred to simply as the Rio de
la Plata SCLM Craton environment. It is followed by two other speed plates dVs% at 200
and 300 km depth in the same Figure 3. In
both plates, a decrease dVs% velocity is noted for the Rio de la Plata SCLM Craton environment. A near slower speed is especially
noticeable in the northern part of the Rio de
la Plata SCLM Craton environment. In this
area of the Rio de la Plata SCLM Craton environment, the works of Rocha (2003) and
Rocha et al., (2011) show that high % S-wave,
speeds extend to a depth of around 1,100 km.

Figure 3 - The panel is a map of Vs velocity perturbations (TX2011 Tomography model) at 150 km depth (blue-zone)
–superior; to 200 and 300 Km depth, below. The 3 upper figures at 150 km depth represent, from left to right: dVs%
isolines at 150 km depth; the dashed line represents the 4.3 dVs%, and the thick line represents the delimitation
(slightly adjusted the above) of the inferred Cratonic SCLM beneath Central South America.
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P-wave, many authors have successfully
used this approach to study crustal and shallow mantle structures (Afonso et al., 2016).
P-wave also would allow the inferences of
an Archon Cratonic SCLM of being depleted
or enriched, for example, Shirey et al. (2002),
James and Fouch (2002), James et al. (2004),
and also Begg et al. (2009).

Figure 4 illustrates the P-wave velocity perturbations at 130 km, 200 km, and
300 Km depth (% dVp Tomography model
SAM5_P_2019 of Portner et al., 2020), area as
in Figure 3, in relation to the Rio de la Plata
SCLM Craton environment. At 130 km and
200 km there are some high-speed islands
and at 300 km standing out at the northern

Figure 4 - Panel map of Vp velocity perturbations (dVp Tomography model SAM5_P_2019) at 130 km, 200, and 300
Km depth. The high-speed zone is manifested in forms of islands within the delimited the inferred Cratonic SCLM
beneath Central South America; in the extreme north of the aforementioned being more expressive (that coincides
with the Paraguayan territory) than in the extreme south, which is more represented by low-speed zones (that
coincides with the Uruguayan and Argentine territory).
Figure 5 - Cross-section from the N-S line (A-B
in the small figure on the right side) of Vs velocity
perturbations (dVs% of the TX2011 Tomography
model) at 0 to 400 Km of depth, which cuts
part of the delimited the inferred Cratonic SCLM
beneath Central South America (shown in purple
line); that extends up to 300 km deep - cratonic
seismic keel. The vertical line of white color to
the N representing the intrusion of diamondbearing lamproite in the north of Paraguayan
territory. While the vertical line of the same tone
to the south, the intrusion of diamond-bearing
lamprophyres from Riviera in Uruguayan territory.
We can notice 2 different sets within the delimited
craton: 1-north with a strong blue zone up to
180 km deep and from there up to 300 km the
speed decreases. 2-south with strong blue-zone
continues up to 275/280 km of depth, under which
and even its keel a very low-speed zone stands
out. And between the two, half-speed fractions. To
this middle point, Presser (2016c) attributed it as
due to a paleo belt that would have existed in the
Archaeozoic; would be two cratonic blocks fused
(accreted terranes) from the Archaeozoic.
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end of the Rio de la Plata SCLM Craton environment. In this area of the Rio de la Plata
SCLM Craton environment, the works of
Rocha (2003), Rocha et al. (2011 and 2019)
and Azevedo et al. (2015) show that high %
P-wave, speeds that extend to a depth of
around 700 km.
Figures 5, 6, 7, and 8 represent a crosssection of S-wave (Figures 5 and 7) and P
wave (Figures 6 and 8) that cut the Rio de
la Plata SCLM Craton environment in 3 directions. In these figures, the lateral edges
of the Rio de la Plata SCLM Craton environment and the inferred seismic cratonic
keel are highlighted. The TX2011 Tomography model shows very well the zone of
high to moderately dVs speed that extends

up to 300 km in-depth, the cratonic root or
“keel”, below which the low-velocity zone
(LVZ) is robust. Something that is little or
nothing evident with the dVp Tomography
model SAM5_P_2019 information, Figures
6 and 8. However, the lateral limits of the
craton in the combination of both seismic
tomographic models are clearly highlighted in the aforementioned figures (This was
repeated from grade to grade through 12
profile lines; the result being constant as
before commented). This information of
Figures 5 to 6 are in general agreement
with regional seismic studies of several
other cratonic regions; which suggest (seismic) Archon keel thicknesses as great as 300
km in some area.

Figure 6 - Cross-section as in Figure 5, but her Vp velocity perturbations (dVp% of the
Tomography model SAM5_P_2019). Here the northern edge of the inferred craton is
highlighted, while its southern edge shows no definition. Note the highlight tongue of
high speed in the north, right in the area of the diamond-bearing lamproite intrusions in
Paraguay. This Vp velocity also does not resolve the seismic keel.
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Figure 7 - Cross-section from the E-W line (C-D and E-F in the small figure on the right side) of the same seismic
tomography information of Figure 5. And also, here, at 0 to 400 Km of depth, which cuts part of the delimited the
inferred Cratonic SCLM beneath Central South America (shown in purple line); that extends up to 300 km deep - cratonic
seismic keel. Note in C-D the vertical line of white color, here in dashed line, representing the Capiibary diamond-bearing
lamproite intrusions field in Paraguay, a medium-high speed drop-shaped -the filling of a sandwich with a much lower
speed (areas that could be due to levels of eclogites or levels that have been metasomatized, see comments in the text).
In E-F the vertical dashed line of white color, represents the position of the diamond-bearing Riviera lamprophyres.

Figure 8 - Cross-section as in Figure 7, also her Vp velocity perturbations (dVp% of the Tomography model
SAM5_P_2019). In C-D the edges of the inferred Cratonic SCLM are hinted, clear to the E and less clear to the W.
Observe how a high-speed vertical tongue is located next to the intrusion of diamond-bearing lamproites intrusions
field in Paraguay. In E-F the edges of the inferred Cratonic SCLM are very well hinted Also here, the same type of
vertical line in the previous figure represents the position of the diamond-bearing Riviera lamprophyres. As already
commented in Figure 6, the Vp velocity also does not resolve the seismic keel.
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Geotherm constraints
Cratons are characterized by both low
heat flow and a very low geothermal gradient relative to the Proterozoic mantle (Fouch
et al., 2004 and references). Presser (2020) inferred, based on 1D Vs profiles (Moulik and
Ekstrom, 2014 model), the punctual-mantle
geotherm (or mantle geothermal gradient)
for 208 points surrounding the previous estimated Rio de la Plata SCLM Craton (core)
environment; thus is, values of mantle peridotitic geotherms with 38.5/39 to 43 mW/m2

and geotherm values of more typical of the
of mobile belts area (≥45mW/m2). At present,
34 more points are added around the area indicated in the new delimited Rio de la Plata
SCLM Craton environment beneath Central
South America (Figures 3 and 4) and shown
in Figure 9.
The distribution of points in Figure 9, also
as previously found by Presser (2020), shows
mantle geotherm zoning. With the coldest
part located at the NNW end of the delimited
Rio de la Plata SCLM Craton environment
(Figure 3 and 4): 38.5/39-40 mW/m2 bordered

Figure 9 - Map of the inferred Cratonic SCLM beneath Central South America, as the Figures 3 and 4, with estimated
general mantle geotherm. Cratonic geotherm as balls of blue, green, and yellow balls; were mobile belts zone is
shown in red balls. Here is an upgrade of the Work of Presser (2020) with 242 points of estimated geotherm data.
The distribution of points shows mantle geotherm zoning. With the coldest part located at the NNW end of the
delimited Rio de la Plata SCLM Craton environment: 38.5/39-40 mW/m2 bordered by a strip of 41 mW/m2 and it is
weathered by 42-44.5 mW/m2. Non-cratonic environment: ≥45mW/m2 to the NW-W-S is evidenced. It can be seen
in the Figure how at the NNE end there is also a cold geothermal mantle area, it is believed this is due to the cratonic
nucleus raised by Cordani et al. (1984).
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to the east by a strip of 41 mW/m2 (both zone
distributed between Eastern Paraguay to the
NNE of Argentina and portions of SW Brazil)
and it is weathered by 42-44.5 mW/m2 (more
properly for Brazilian to Uruguayan territory
and less from Argentina territory); while at
W-SW-S contrasted by typical high values
of the non-cratonic environment: 45mW/m2
to higher (Area between the NW-W of the
Chaco territories in Paraguay and Argentina,
to above the Sierras de Cordoba and the La
Plata province, Argentina).
Gravimetry Constraints
The “cratonic keels” lack a distinct gravity
anomaly and thus appear to be in isostatic
equilibrium (Garbert et al., 2018 and references); where gravity anomalies (Bouguer, Free
Air) are typically used to constrain crustal
densities and geometries (Afonso et al., 2016).
Also, the satellite gravity data are a unique
source of information on the density structure of the Earth due to its global and relatively uniform coverage. (Afonso et al., 2016).

Respect to the Rio de la Plata SCLM Craton environment some relevant gravimetric
information are found in Vidotti et al. (1998);
Mantovani et al. (2005); Mariani (2012); Mariani et al. (2012); Dragone et al. (2017).
Next, some relevant aspects of the gravimetry of Isostasy, Bouguer of the Rio de la Plata
SCLM Craton environment, and between the
comments on the cortical thickness of the Rio
de la Plata SCLM Craton environment.
Free Air gravity, has been left aside because
it would be rather configuring rocks that cover the crystalline basement (cf. Presser et al.,
2019).
Isostasy
Presser (2014, 2016a and b; 2017; cf. also
Presser et al., 2016; 2019) obtained the Depth/
iso-depths of the crystalline basement domain through the empirical formula: Depth
(m.) = -5006.3+(144.1*G), where G is the value
of isostasy in mGal. How much this empirical formulation better highlights the crustal
characteristics as she is shown in Figure 10;
Figure 10 - Panel map of Isostasy gravity
as depths/iso-depths of the crystalline
basement (Presser, 2014; 2016a and b; see
also Presser et al., 2016; 2017 and 2019)
for the of the inferred Cratonic SCLM beneath
Central South America (As Figures 3 and 4).
We can be perceived that it constrained the
edges of the Rio de la Plata SCLM Craton
environment; this thanks to the high (most
shield-area) and some low. The configuration,
on its western edge, coincides not far from
that drawn in Ramos et al. (2010). The most
commonly referred surface tectonic units
are indicated; as PA, Piedra Alta terrain; SR,
Sierra de Córdoba; NP, Nico-Pérez terrain; SGTT, Sao Gabriel Tacuarembó terrain; RT, Río
Tebicuary uplift; RA, Río Apa shield; LA, Luis
Alves shield; SFC, Sao Francisco craton; AC,
Amazonas craton DFB, don Feliciano Belt; BB,
Brasilia Belt and RB, Ribiera Belt. Isostasy
data from Bonvalot et al., (2012).
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and in it, the most outstanding shield (etc.)
are highlighted.
Reviews of the different concepts and
forms of the Rio de la Plata craton, whether
in its approach to surface geology or some
geophysical details can be found in the
works of Siegesmund et al. (2018); Santos et
al. (2019); Rocha et al. (2019); Dragone et al.
(2017); Affonso et al. (2020); Azevedo (2017);
Cunha et al. (2019); among others. The discussion about which Rio de la Plata craton
different concepts, forms, and supporting
criteria are beyond the focus that is intended
for this work.
Figure 10, if observed with care can be perceived that is constrained the edges of the
Rio de la Plata SCLM Craton environment;
this thanks to the high (most shield-area)
and some low. Featured by the depth isolines; with the largest depressed area located
at NE (of the inferred Cratonic SCLM), it
corresponds to the domain of Paraná Basin.
And the high coinciding with some shield
situated in the RT and NP areas, Figure 10.

Bouguer
Since Bouguer gravity anomalies have
a strong link with a depth of crust-mantle
boundary, one with positive Bouguer anomalies may mean that it has a thinner crust
composed of lower density material and
is influenced more strongly by the denser
mantle, and vice versa (Neumann et al.,
2004); i.e. Bouguer anomalies are indirectly
sensitive to crustal thickness, as shown for
example in Assumpção et al. (2013).
In Figure 11 the Bouguer gravity for the
of the inferred Cratonic SCLM beneath
Central South America (As Figures 3 and
4). Her as we can see strong contrasts of
Bouguer anomaly are not observed; that
is, the isoline lines modestly accompany
the edges of the inferred Cratonic SCLM.
And so, it shows that the Bouguer gravimetric information seems less sensitive to
constrained the edges of the inferred Cratonic SCLM beneath Central South America. And as ready commented, the “cratonic
Figure 11- Bouguer gravity map for the
of the inferred cratonic SCLM beneath
Central South America (As Figures 3
and 4). It is showing an almost uniform
behavior inside the inferred Rio de la
Plata SCLM Craton environment; that is,
strong contrasts of Bouguer anomaly are
not observed, with somewhat negative
anomalies in the domains of the Paraná
basin and positive anomalies related
rather to some shield situated in the RT
and NP areas, as the Figures 10. Bouguer
data from Bonvalot et al., (2012).
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keels” lack a distinct gravity anomaly (Garbert et al., 2018 and references).

the San Miguel Impact Crater (Presser et
al., 2016).

Crustal Thickness Constraints

Magnetometry Constraints

Concerning the crustal thickness (CT) of
Central South America, there are innumerable jobs; as of Dragone et al. (2017 and
references); material more than anything
relevant to the South American continent.
Universal application data can be extracted from CRUST 1.0 model. Modeling that
was touched and represented in Figure 12.
CRUST1.0 indicates that the crust beneath the inferred Rio de la Plata SCLM
Craton environment is approximately 41
km thick (or 41.000 meters thick) and more
properly in the middle-center to the north,
and a marked decrease in the SSE, Figure
12. Between the thickest area highlights a
small semi-circular region of CT decrease
and this is due to the effect produced by a
meteorite impact that would have created

Representing magnetic field measurements with potential field methods provides models that are important to ascertain
to the authenticity of magnetic field features. Likewise, visual inspections provide
qualitative insight into the consistency between magnetic anomalies and the known
geology. However, both approaches say
little about the physical parameters of the
sources, except maybe in the former case by
testing statistical descriptions of the distribution of magnetization against anomaly
power spectra. Quantitative magnetic interpretation involving other geophysical
quantities such as geology, gravity, seismicity, heat flow, depth to the Moho etc. can be
provided by forward modelling methods
(Thébault et al., 2010 and references).
Figure 12 - Crustal thickness (CT)
map for the of the inferred cratonic
SCLM beneath Central South America
(As Figures 2 and 3). The crustal
thickness was delineated based on
CRUST1.0; which indicates mainly for
the area of the inferred craton 41 km
thick (41000 meters thick); thick that
is thinning to the SSE.
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Figure 13 - Magnetic anomaly map (total component) for mixture information obtained from the EMAG 2v3 models,
WDMAM 2, and Compilation Getech. Note as this is the resulted information of the magnetic anomaly that highlights
the edges of the inferred Cratonic SCLM beneath Central South America (As Figures 2 and 3)

To finish and very briefly, evaluate if
the magnetic information could help to
constraint the inferred Cratonic SCLM
beneath Central South America, we combined the EMAG 2v3 models, WDMAM
2, and Compilation Getech and this is the
information of the magnetic anomaly map
is shown in Figure 13. The result was satisfactory and it can be seen how magnetic
anomalies (especially magnetic high) accompany the edges of the inferred Rio de
la Plata SCLM Craton environment.
As well as, important and successful
support on the edges and depth of the
Rio de la Plata SCLM Craton can also be
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rescued from the work on magnetotelluric carried out by Favetto et al. (2008 and
2015); Pomposiello et al. (2011); Orozco et
al. (2013); Peri et al. (2015) and Bologna et
al. (2018).
DISCUSSION
Changes in elastic and non-elastic properties of mantle rocks measured in indirect
seismological studies provide the basis for
definitions of the base of the seismic lithosphere. “Seismic lithosphere” is one of the
most diverse categories of lithosphere defi-
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nitions. According to the classical definition,
the seismic lithosphere, or the lid, is a seismic high-velocity layer above the LVZ or
above a zone of high velocity gradient in the
upper mantle, presumably caused by partial melting (Artemieva, 2011).
The definition of the Cratonic SCLM beneath Central South America as accurately,
as possible was made, from the dVs% of the
Tomography TX2011 model (Figure 3; the
high-speed zones equal to or greater than
4.3 dVs%), which was reinforced with the
dVp Tomography model SAM5_P_2019
(Figure 4, 5, 6, 7 and 8). Thus, was obtaining an undoubted constraint of the edges of
the Cratonic SCLM beneath Central South
America. Limits of the Cratonic SCLM that
were released in gravimetric information
(Figures 10 and 11; with excellent definition in isostasy), magnetometric configuration (Figure 13) in addition to the new
definition of cratonic mantle geotherm/belt
geotherm (in 242 points, Figure 9; 34 new
points over 208 points of Presser, 2020) and
the highlight of the crustal thickness in that
environment (mostly 40 to 41 km., Figure
12). This constrained the Cratonic SCLM
beneath Central South America with 1500
kilometers long by 870 to 880 wides in its
wider parts, and that extends over a large
part of the territories of Paraguay and Uruguay, the northern provinces of Argentina,
and fractions of some southern states of Brazil (Figure 3, 4, 9, 10, 12 and 13) was seen as
being the Cratonic SCLM heart of the Rio de
la Plata Craton.
Figures 5 and 7, but also in some way
the Figures 6 and 8, show a cratonic keel as
near 300 km depth; i.e. it’s “Seismic cratonic
keel”. This above the robust LVZ (Figures 6
and 8); but pronounced LVZ beneath cratonic lithosphere are rare; where present
(South America; Tanzania) they are often
neighbored by volcanic areas near cratonic
boundaries (Lebedev and van der Hilst,
2010). If also considerate the S-wave and P-

wave dates exposed in the works of Rocha
(2003) and Rocha et al., (2011) as well as in
Rocha et al. (2019) and Azevedo et al. (2015),
that show very deep high-speed zones as S
and P-wave in some portion of the delineated her as the Rio de la Plata SCLM Craton environment, the analysis would allow
concluding that these data’s are in general
agreement with that raised by Fouch et al.
(2004 and references); James et al. (2001,
2004); James and Fouch (2002); Begg et al.
(2009) that found that the strong positive
velocity perturbations across the Kalahari
craton region that suggest seismically-defined keel extends to depths of ~225 to 300
km beneath the craton
Presser (2020) based on 1D Vs profiles (on
208 numbers of points), inferred cratonic
peridotitic mantle geotherms at the Rio de la
Plata SCLM Craton environment: 38.5 to 40
mW/m2 in its central northern portion and
southern portion and in its edges/southern
portion 40 to 42 mW/m2. Mantle geotherm
values that allowed estimate cratonic keel
between 243 to 237 km depth (northern
portion) and 225 to 213 km depth (southern portion), this is two accreted blocks as
is evident in Figure 5 (see also in Presser,
2016c). This mantle geotherm is upgraded
with new 34 points in Figure 9; data that
reinforced the seismically inferred deep cratonic keel; and so, as the craton-edges, in the
Rio de la Plata SCLM Craton environment.
Seismic tomography and mantle geotherm data show depths of the cratonic keel
of more than 200 km deep; so that as commented in the introduction, Presser (2011),
states that the LAB depth greater than 193.5
at 195 km would denote ages> 2500 Ma.,
this estimated from the formula z = 0.04 *
t + 93.6 (Artemieva, 2006); so, which would
make the statement that the Archon craton
is extremely correct for the Rio de la Plata
SCLM Craton.
As well, in another way, the Paraná central basin basement (Figures 10 and 11)
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has a high-density root (i.e., a more fertile
subcontinental lithospheric mantle related
to Parana Magmatic Province; cf. Chaves
et al., 2016) and the subcontinental lithospheric mantle below great part the Rio
de la Plata SCLM Archon Craton environment (W-SW portion of the Parana Basin),
as we can be seen in the work of Chaves et
al. (2016), is with strong low-density root.
The low-density root is a typical characteristic of chemically depleted Archean cratons
(Chaves et al., 2016).
The plates dVs% and dVp% of Figures 3,
4, 5, 6, 7, and 8 evidence some low-velocity
portions below the Rio de la Plata SCLM
Archon Craton environment. This is thought
to be due to it representing probably a level
that may be higher in basaltic components
(eclogitic) or metasomatized fluids that
hydrated and altered the host peridotite,
as raised by Shirey et al. (2002) for some Pwave low-velocity zones in the Kaapvaal
Archon of SCLM and matching kimberlites
rich in eclogitic inclusions in their diamonds. Presser and Benitez (2021) found
that in the north portion of Rio de la Plata
SCLM Archon Craton environment, located
in Paraguay, with investigated more than
5000 samples of stream sediments, the soil
above lamproite pipe anomalies and lamproite/lamprophyres pipe fill material, the
presence of garnet grains of eclogitic origin
predominate.
Figure 14 shows the Rio de la Plata SCLM
Archon Craton on a basis of dVs% at 150
km and dVp% at 165 km and in them have
launched diamond-bearing kimberlites
(and without diamonds), diamond-bearing
lamproites (and without diamonds), and
diamond-bearing alkaline picritic lamprophyres and some Mesozoic to Tertiary
alkaline rocks (the last three occur in Paraguay; cf. Presser, 2016c and 2019; Presser et
al., 2014; Bitschene, 1987; and others). The
dVs% sheet shows how within the portion
of the Rio de la Plata SCLM Archon Cra-
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ton in Paraguay it hosts diamond-bearing
lamproites and lamprophyres; where some
localities yielded data on the formation
pressure of typically deep cratonic environments (> 200 km deep as seen in Presser,
2016c; 2020; Presser and Benitez, 2021 and
see also Smith et al., 2012; and Presser et al.,
2014). For comparisons see also, in the same
figure, the information that is appreciated
about kimberlites in Brazil (portions of AC
and SFC) and Uruguay in the same Figure
14.
Also, in Figure 14, the dVp% sheet illustrates occurrences of lamproites associated
with high (Puentesiño) and low (Capiibary,
Ybytyruzú, and Riviera) velocity zones
within the Rio de la Plata SCLM Archon Craton. For comparisons see also, in the same
figure, the information that is appreciated
about kimberlites in Brazil (Juina cluster
and Pimenta Bueno cluster). Details that
deserve further study and that are beyond
the scope of this writing.
Na-alkaline rocks of the Tertiary and Mesozoic K-alkaline to ultra-potassic rocks
occur associated with the rift (Na-alkaline;
Bitschene,1987) rift/graben (mainly K-alkaline to ultra-potassic; Bitschene,1987) Structure called the Asuncion rift, which according to Presser (2019 and references) would
have been formed as a result of the meteorite impact (which formed the San Miguel
impact crater with about 130 km in diameter; Presser et al., 2016).The meteorite impact
would have caused, in this area, the crustal
thinning of the Rio de la Plata SCLM Archon
Craton; and so, they would have facilitated
the alkaline (non-kimberlitic) magmas and
diamond-bearing picritic calc-alkaline lamprophyres and diamond-bearing lamproites
magmas intrusion/extrusion in these places.
Finally, it is also necessary to highlight
that the limits of the Rio de la Plata SCLM
Archon Craton on its eastern edges; in Uruguay, the Don Feliciano belt, and Brazil,
some portion of the Ribeira belt (Figures 3,
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Figure 14 - Map of dVs% at 150 km and dVp% at 165 km of the Rio de la Plata SCLM Archon Craton. In them were
launched diamond-bearing kimberlites (as white balls) and without diamonds (as red balls). And so as, diamondbearing lamproites (as white balls) and without diamonds (as red balls) and diamond-bearing picritic calc-alkaline
lamprophyres (as white balls) and some Mesozoic to Tertiary alkaline rocks (as green balls); the last tree that
occurs in Paraguay; cf. Bitschene (1987); Presser (2016c and 2019). In Riviera-Uruguay we know diamond-bearing
ultramafic lamprophyres. More comments in the text.

The definition of the Rio de la Plata
SCLM Archon Craton presented focused on

delineating its edges based mainly on the
geophysical behavior with emphasis on
the published S-wave (% dVs global) that is
complemented with the published P-wave
(% dVp continental). Limits that are reinforced with the (global) gravimetric, (regional) crustal thickness, (regional) mantle
geotherm, and (global) magnetometric information.
Geophysics configuration constrains
1500 kilometers long by 870 to 880 wide in
its wider parts; i.e., 971513 sq. km. for the
Rio de la Plata SCLM Archon Craton with
seismically defined keel extends to depths
of ~280 to 300 km. Rio de la Plata SCLM
Archon Craton depths that are in general
agreement with global/regional seismic
studies of several other Africa Archon cratonic regions (cf. Fouch et al., 2004 and references; James et al., 2001 and 2004; James and
Fouch, 2002; Begg et al., 2009; Presser, 2020
and Presser and Benitez, 2021).
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4, and 10) could have been thrust on top of
the Rio de la Plata SCLM Archon Craton and
thus subtract their definition with the geophysics configuration of the Rio de la Plata
SCLM Archon Craton where the geophysical information in this work contemplated
the expression of the mantle rather than the
characteristics of the crust. In Paraguay, the
area of exposure of rocks of the crystalline
basement, commonly known as the Alto del
Rio Tebicuary (cf. Cordani et al., 2001), is the
same area of influence of the San Miguel
impact crater, so they remain to be resolved
the implications of this impact phenomenon
and its probable role in the genesis of some
granitoid rocks within its setting.
CONCLUSIONS
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The geophysical constrained Rio de la Plata SCLM Archon Craton delimits to the east
approximately with the Cordoba mountain
(Pampean range in Pomposiello et al., 2011),
to the NNW with the Rio Apa shield (cf.
Teixeira et al., 2020), and to the southeastsouth, it encompasses a set of shields exposed in Uruguay - bordered further east
by the Don Feliciano belt (cf. Siegesmund et
al., 2018 and references) and in the south the
Tandilia belt in Argentina (cf. Ramos, 1999).
However, in this constrained Rio de la Plata
SCLM Archon Craton shield areas within the
domain craton are only known next to Alto
del Rio Tebicuary in Paraguay (cf. Cordani et
al., 2001) and the terranes (in Uruguay) Nico
Perez, Piedra Alta, Rivera block and Tacuarembó block (cf. Rapela et al., 2007).
In Paraguayan territory, the Rio de la Plata SCLM Archon Craton hosts abundant diamond-bearing lamproitic pipes, diamondbearing picritic calc-alkaline lamprophyres
pipes; while in Uruguay diamond-bearing
ultramafic lamprophyres are known.
This work attempt to constrain, first of all,
the Rio de la Plata SCLM Archon Craton core
from Central- South America, some eventual inconsistencies of what was concluded
here with the surface geology, therefore,
were not taken into consideration.
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