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Southwestern Nicaragua is made up of sev-
eral Cretaceous to Cenozoic stratigraphic units
consisting of sedimentary rocks resting on a ophi-
olitic basement of Jurassic to mid-Cretaceous age
(Fig. 1). The sedimentary sequence is dominated
by volcaniclastic rocks which represent a shallow-
ing-up succesion from deep marine turbidites to
shallow marine and continental deposits (Seyfried
et al., 1987; Kumpulainen, 1995). The volcaniclas-
tic rocks are characterized by regional develop-
ment of diagenetic mineral assemblages at zeolite
facies (McBirmey & Williams, 1965; Darce et
al.,1989). Here, we outline these assemblages and
their distribution in the different sedimentary units
of southwestern Nicaragua (Fig. 2), based on X-
ray diffraction and microscope study of 72 sam-
ples. :
The secondary phases form cement and
replace the glass of the volcanic clasts. They con-
sist mainly of zeolites (modernite, heulandite,
analcime, phillipsite and laumontite), silica miner-
als (tridymite, cristobalite and quartz), and clay
minerals (smectite and swelling chlorite). The sec-
ondary minerals show a vertical zoning throughout
the entire stratigraphic column and within each of
the three lower units (Masachapa, Brito and Rivas;
Fig. 2). Mineral assemblages are as a rule remark-
ably uniform in the volcaniclastic rocks at a given
stratigraphic level, even in rocks of different grain
size (tested in the Brito and El Fraile units).

Vertical zoning of diagenetic minerals in
volcaniclastic rocks like in the sedimentary
sequences of western Nicaragua, is typical of bur-

ial diagenesis, a process primarily controlled by an
increase in temperature with depth. The formation
temperature of the different assemblages can be
estimated from static bottom-hole temperatures in
deep wells in areas where burial diagenesis is tak-
ing place at present (Iijima, 1988). Such estimates
indicate an increase in temperature from less than
60°C in the Las Sierras and El Salto units to c.
90°C in the lower part of the El Fraile unit, and an
increase from c. 90°C to about 120°C from top to
bottom in each of the three underlying units
(Masachapa, Brito and Rivas). The mineral assem-
blages in the volcaniclastic rocks of the El Fraile
unit are similar to those in the coeval Tamarindo
lavas.

Figure 2 suggests that slight mineralogical
breaks coincide with the unconformities separating
Las Sierras from El Salto, El Salto from El Fraile,
and El Fraile from Masachapa. There are clear
breaks between Masachapa and Brito, and between
Brito and Rivas, where rocks containing secondary
assemblages of higher grade overlie rocks with
lower grade assemblages, coinciding with an
alleged regional unconformity separating the first
two units, and a much discussed relationship
(pseudoconformity?) between the last two units.
Mineralogical breaks similar to those indicated
above have been described from arc and forearc
sequences in the Central Andes where they have
been interpreted as the consequence of repeated
diagenetic episodes separated by tectonic events of
regional character (Levi et al., 1989). In Nicaragusz
these tectonic events probably correspond to islanc
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Fig. 1: Generalized geological map of southwestern Nicaragua and northwesternmost Costa Rica (simplified from Parsons
Corporation, 1972) with ditribution of stratigraphic units and location of sampled areas (stippled). Rivas (R; Upper Cretaceous to
Paleogene), Brito (B; Eocene) and Masachapa (M; Oligocene) are marine turbidites, El Fraile (F; Miocene) is deltaic to shallow
water marine, Tamarindo (T; Miocene) is volcanic continental, El Salto (S; Pliocene) is shallow water marine to continental, and Las
Sierras (L; Pleistocene) is volcaniclastic continental. The Nicoya Complex (N; Jurassic to mid-Cretaceous) is an ophiolitic unit only
exposed in Costa Rica. Ages are from Parsons Corporation (1972) and depositional environments from Seyfried et al. (1987) and
references therein, and Kumpulainen, 1995.
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Fig. 2: Schematic distribution pattern of diagenetic minerals (excluding calcite) in the volcaniclastic rocks of westen Nicaragua.
Structural relationships between units and ages are from Parsons Corporation (1972); the thicknesses of the units (see text) are not
shown in the diagram. Wavy line = unconformity, broken line = conformity or pseudoconformity. The following abreviations are
used: An = analcime, Cr = cristobalite, HM = heulandite (including clinoptilolite) and/or modemite, Lm = laumontite, Ph = phillip-
site, Qz = quartz, Sm = smectite, SC = swelling chlorite and Tr = tridymite. Samples from the upper part of the Brito unit close to
an alleged reverse fault that marks the contact towards the Masachapa unit contain laumontite instead of heulandite/modemite; these
samples are not included in the diagram.

arc uplifts, tilting and sea level changes (Seyfried tectonic events not easily recognized in the sedi-
et al., 1987). It is therefore suggested that the clear ~ mentological record.

mineralogical break between Brito and Rivas as Based on estimated approximated thickness-
well as between Masachapa and Brito could reflect es of the units treated here (Rivas = 2,800 m, Brito
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= 2,600 m, Masachapa = 1,500 m, El Fraile =
1,300 m, and El Salto = 100 m; Parsons
Corporation, 1972, and references therein;
Kumpulainen, 1995), paleothermal gradients of
about 15-20° C/km can be assigned for the
Cretaceous to Oligocene diagenetic episodes. The
magnitude of these gradients are typical for burial
diagenesis of forearc sequences, but lower than the
gradients (c.40° C/km) acting during the burial dia-
genesis in the volcanic arc (also at zeolite facies;
Darce et al., 1989), and much lower than the gra-
dients during the low-grade non-deformative meta-
morphism of ocean floor type of the Jurassic to
mid-Cretaceous Nicoya Complex in Costa Rica
(zeolite to greenshist facies; Levi, 1981; Gursky &
Gursky, 1989).

Seyfried et al. (1991) suggested that a rever-
sal in subduction polarity took place during the
Campanian (from a situation with subduction
towards the southwest to the present situation
northeastward subduction), based on tectonic rela-
tions between the sedimentary sequences of west-
ern Central America and the Nicoya Complex. A
high-pressure gradient indicated by the possible
presence of pumpellyte-actinolite facies assem-
blages in shoshonitic lavas of the Metapén
Formation in northeastern Nicaragua (Darce et al.,
1989) is consistent with subduction of reverse
polarity (compared to the present situation) at that
time.
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