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ABSTRACT

Major element composition and preliminar trace element data for 138 samples of mainly basic and
intermediate volcanic rocks from a cross-section between the Pacific and  Atlantic coasts of Nicaragua
suggests that the present tectonic setting- subduction of an oceanic plate below the western margin of
Central Amaerica- can be extrapolated back to the middle Tertiary.

The samples can be divided into three groups with regard to their chemistry: (a) the Recent to
Tentiary volcanics from the entire traverse, (b) Cretaceous lavas from the Siuna mining district in NE
Nicaragua, and {c) young basalts from Corn Island off Bluefields on the Atlantic coast. The first (and by
far the largest) group are calc-alkaline volcanic arc lavas belonging to the high-alumina series. Many of
them (especially those of the Tamarindo Formation and Recent lavas in NW Nicaragua) have tholaiitic
affinities, consistent with the thin crust in this part of Central America. However, a common feature is
an anomalous enrichment in Ba, which might reflect the Ba-rich active ridge sediments of the subducting
oceanic plate. Crustal contamination is ancther possible explanation for the high values of Ba and other
large-ion lithophile elements, especially for the volcanics in NE Nicaragua, where the influence of a
Paleozoic basement is expressed by a trend of increasing evolution (calc-alkalinity) of the volcanics
towards NE, away from the trench. Crustal contamination is clearly evident in the second group, the
Siuna lavas, which have a shoshonitic affinity. The third group -the Corn Island basalts- have chemical
features inconsistent with a subduction-related origin, being similar to some within-plate basalts of
oceanic islands.

RESUMEN

La composicién quimica -elementos mayores y datos preliminares de elementos traza -de 138
muestras de rocas volcanicas, en su mayoria basicas e intermedias, de un perfil entre las costas pacifica
y atidntica de Nicaragua sugiere que el presente marco tecténico- subduccién de una placa oceédnica por
debajo del margen occidental de América Central- puede extrapolarse hasta el Terciario medio.

Las muestras se pueden dividir en tres grupos en relacibn a su quimismo: (a) los volcénicos
Recientes a Terciarios de todo el perfil, (b) las lavas cretdcicas del distrito minero de Siuna del noroeste
de Nicaragua, y (c) los basaltes jovenes de Corn Island en el Atlantico. El primer grupo (formade por la
gran mayorfa de las muestras) corresponde a lavas calco-alcalinas del tipo ‘high-alumina’, tipicas de
arcos volcanicos. Muchas de ellas (especialmente las de la Formacidon Tamarindo y las lavas recientes de
la parte noroeste de Nicaragua) tienen una afinidad toleitica, consistente con el espesor delgado de la
corteza en esta parte de América Central. Sin embargo, todas estas lavas tienen una caracteristica
comun. que es, un alto contenido de bario que podria deberse a la subduccién de una placa oceanica con
sedimentos muy ricos en bario formados en las dorsales activas. Una contaminacion cortical es otra
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explicacion posible para el alto contenido en bario y otros elementos litéfilos del tipo ‘'large-ion' (LIL),
especialmente en las rocas volcnicas de la partg noroeste de Nicaragua, donde la influencia del basamento
Paleozoico se expresa por una tendencia a un aumento en el grado de evolucién (calcoalcalinidad) hacia el
noroeste, alejandose de la fosa ocednica. Las lavas del segundo grupo, las de Siuna, de afinidad
shoshonftica, evidencian una clara contaminacién cortical. El tercer grupo -los basaltos de Corn Island-
tienen caracteristicas quimicas que son inconsistentes con un origen relacionado con una subduccién; ellos
son similares a algunos basaltos tipo intraplacas, de islas ocednicas.

INTRODUCTION

The Nicaraguan geotraverse, a joint Nicaraguan-Swedish project of geological,
geophysical and isotope studies in a cross-section between the Pacific and Atlantic coasts,
was started in 1984. The purpose of the project is to investigate the volcano-tectonic
evolution of Nicaragua during the last 100 million years as a basis 1o understand the origin
of its ore deposits. The most important ore type, epithermal gold-bearing quartz veins, is
genetically associated with volcanic rocks, and volcanism -still intense- has been going on
since the Cretaceous. At present, volcanoes form a narrow chain near the Pacific Ocean, but
the existence of a thick pile of older lavas and pyroclastic rocks in other parts of Nicaragua
shows that wvolcanism has shifted with time. Whether the volcanic arc has migrated step-
wise in a regular fashion towards the west, as proposed by Liljequist & Hodgson (1983), or
the magmatic activity has shifted in a more complex pattern, remains unsettied. A
petrological-geochemical- isotopic study of volcanic rocks from the geotraverse, combined
with geophysical data, might solve this question and constrain the petrogenesis.

This paper deals with geochemistry of samples collected during 1985- 1986. A
preliminary discussion of the origin of the Nicaraguan volcanics is also given here: a more
thorough  treatment of their formation history must wait for rare earth element (REE),
stable isotope and geochronological data.

GEOLOGICAL BACKGROUND

Central America, forming the southemmost part of the Caribbean plate, is an active
plate margin. The wvolcanism here is a consequence of the interaction between the Caribbean
and Cocos plates, the latter being subducted below Central America (Fig. 1). The volcanic
arc forming the backbone of Central America is composed of several segments (Carr et al,
1982). Two of them occur in Nicaragua (NW and SE of Managua; the displacement between
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Fig. 1. Plate-tectonic setting of Nicaragua (indicated with dark stripple) and its surroundings
(from Drummond, 1986).
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Geologic map of Nicaragua (modified from "Mapa Geolégico Preliminar 1: 1 000 000",
Managua 1973); intrusions not shown. The Tertiary volcanics SW of the present
volcanic arc (which is situated near the western boundary of the Nicaraguan Depression)
constitute the Tamarindo Formation. The distribution of the Coyol and Matagalpa
Groups, ' NE of the arc, is outlined in the "Mapa Geolégico Preliminar”.
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the segments is well seen in Figs. 2-3 ). The distance between the trench (at the
subduction zone in Fig. 1) and the volcanic arc differs: 180 km for the NW segment and 190
km for the SE one. The dip of the subducting slab also varies: 65° and 750 respectively
(Carr, 1984).

Nicaragua is the symmetry centrum of the volcanic arc with regard to several
features. For example, the lavas are more basic here ( the low SiOp content is reflected in
the smaller proportion of pyroclastic rocks and relatively low alttude of the volcanoes),
and the underlying crust is thinner (30 km in Nicaragua, in constrast with 30-45 km in
Salvador/Guatemala and 30-40 km in Costa Rica; Carr, 1984, see also McBirney, 1969).

A simplified geological map of Nicaragua is given in Fig. 2. The Tertiary voicanic
rocks have been assigned to several formations, but their ages and intemal stratigraphy are
poorly known in the central and eastern pan of the country where there is virtually no
paleontological control. Moreover, the volcanism probably took place in a caldera-type
setting, as suggested by Liljequist & Hodgson (1983), which makes correlations difficult
without detailed mapping. K-Ar mineral data reported by Parsons Corporation (1972)
suggest that Tamarindo  Formation (Fig. 2) is roughly coeval with the lower part of the
Coyol Group (Table 1). Descriptions of the units of relevance for this paper (Table 1) can be
found in Bengoechéa (1963), McBirney & Wiliams (1965), Parson Corporation (1972), Wey!
(1980). Darce (1983, 1987), Darce & Rodriguez (1983), Hodgson (1985), and references
therein.

WORKING METHOD

This study is based on lavas of basaltic to andesiic composition collected during
February-March 1985 (Nystrdm and Levi, partly accompanied by Carranza, G. Hodgson and M.
wilson: and March-Aprii 1986 (Nystrdm, Levi and Trodéng). A suite of samples taken during
detailed mapping (Ehrenborg & Carranza, 1986) in the Coyol Group is also included. They are
here called the EC series; the other samples have numbers starting with an abbreviation
referring to  their locality. We do not have material from all the volcanic formations of the
geotraverse; the poorly known Matagalpa and pre-Matagalpa volcanics in eastern Nicaragua
are underrepresented. All the samples from the Bonanza and Siuna mining districts and
some from La Libertad are from drll cores. Location (Fig. 3), rock type and stratigraphic
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Table 1. Preliminary stratigraphic correlation within the geotraverse (excluding Corn Island)
based on Bengoechea (1963), Parsons Corporation (1972), Weyl (1980), Darce
(1983), Darce & Rodriguez (1983), Hodgson (1985) and Darce (personal
communication, 1987). The "West" columa includes rocks from the Pacific Coast up
to the NE margin of the Nicaraguan Depression (Fig. 2), "Center" refers to the broad
belt of Tertiary volcanics NE of the Depression (excluding the pre-Matagalpa Group,
represented in this study by a few samples from the La Batea Formation); "East" refers
to'the Bluefields area, and "Northeast" to the Bonanza-Siuna mining districts. The
Bonanza volcanics are assigned to the Matagalpa Group, and those from Siuna to the
Metapdn Formation. Wavy lines represent unconformities.
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positon for the 138 samples used in this study are listed in Appendix 1. Stratigraphic
positions are assigned according to 1: 50 000 scale geological maps (Parsons Corporation,
1972, and quadrangle mapping in progress) and Hodgson (1985).

Special care was taken in the field to select only parts of flows with a minimum of
alteration and weathering for analytical work.  Inspection of polished thin sections and X-
ray diffractograms -prepared for all the samples- show that most of the lavas (excluding
the Recent, unaltered ones) are at least incipiently afltered (e.g. partial to complete
replacement of olivine and devitrification of glass). The extent of alteration is generally
higher, with replacement of groundmass minerales, in rocks from mining districts (Darce,
1987; Levi et al.,1987). Based on the varation in extent of alteration the samples have
been divided intoc two categories: ‘unaltered” and  ‘partly  altered.  The ‘unaltered ones
generally contain less than 03% COp and 1% Hy0 by weight (the Siuna lavas are more
hydrated). They are plotted in disciminant diagrams including mobile elements, in contrast
to the relatively few significantly attered samples which are used only in diagrams based
on ratios between so-called immobile elements (e.g. Ti, Zrand Y).

The samples have also been grouped into two other categories -basic and
intermediate to acid - since some diagrams are designed only for basalts. We have used
screening criteria modified from Pearce (1987) for this division. The basic lavas have: (1)
Ca0+MgO > 12 wt% (somewhat less in one shoshonite sample; a low MgO content is not
uncharacteristic for this rock type), and relatively high Ti/Zr ratios (cf. Fig. 4 in Pearce,
1987). A consequence of the screening is that some lavas which are basaltic andesites
according to the total alkali - silica (TAS) diagram (Fig.4) are sufficiently basic to be
plotted in diagrams for basalts.

The samples were analysed for mayor and some trace elements with ICP optical
emission spectrometry, and FeO, HpO* and CO, with wet chemical methods, at the Centre de
Recherches Pétrographiques et Géochimiques, Nancy (France). In addition, many trace
elements were determined with X-ray fluorescence at the Open University , Milton Keynes
(England). The major element analyses are listed in Appendix 2A-C.
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Fig. 4. Total alkali-silica (TAS) diagram for volcanic rocks from the Nicaraguan geotraverse,
excluding significantly altered samples. Dividing lines after LeMaitre (1984). Samples
falling in fields a - ¢ are subdivided according to their relative propotions of alcalis: for
NayO - 1.5 > K5O, a= hawaiite, b= mugearite, c= benmoreite; for NayO - 1.5 < K70,
a= potassic trachybasalt, b= shoshonite, c= latite (cf. Appendix 1). The sample groups
are loosely named after their stratigraphic unit (Recent, Tamarindo, Coyol, Matagalpa, pre-
Matagalpa) or locality. The volcanics are divided into a western, central and eastern
group in order to enhance trends related to distance from.the present rench. The pre-
Matagalpa samples are plotted with the eastern volcanics in this and the following
diagrams.
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RESULTS

Almost all the analyzed volcanics from the Nicaraguan geotraverse are subalkaline,
plotting below the inclined upper boundary of the basaltic andesite, andesite and dacite
fields in Fig. 4 (see also Fig. 5. The significant exceptions are from Siuna, the only
investigated locality with lavas of Cretaceous age. Figure 5 llustrates that the large
majority of Nicaraguan volcanics belongs to the high-alumina series of Kuno (1965). The
Siuna lavas of basic composition are relatively rich in potassium, some samples belonging
to the shoshonite series (Fig. 6; Appendixes 1 and 2C). The lack of Fe enrichment shown in
the AFM diagram is consistent with a shoshonitic afinity (Fig. 7).

Figures 6 and 8 taken at face value would suggest that some of the Nicaraguan lavas
(basalts from Comn Island, and from cinder cones at N-S fractures in the Managua area) are
ocean-floor tholeiites. However, other geochemical features contradict this suggestion.
The contents of large-ion kthophile (LIL) elements like Ba, Sr, K and Rb are too high (Fig. 9),
and prefiminar data show that these lavas lack the REE distribution pattemn typical of such
primitive  rocks. Neither does the geological setting support an ocean-floor tholeiite
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Fig. 5. The ‘unaltered’ volcanics from the geotraverse plotted in.a TAS diagram with the boundary
lines of Kuno's (1965) high-alumuna field indicated.
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Fig. 6. ‘Unaltered* basic lavas from the geotraverse plotted in Pearces (1976) F1-F2 and F2-F3
diagrams. Symbols as in Fig. 4 SHO = shoshonites, CAB = calc-alkaline basalts,
LKT = low-K tholeiites, OFB = ocean-floor basalts, WPB = within-plate basalts. F1 =
0.0088Si04 - 0.0774 TiO4 + 0.0102 Al»O3 + 0.0066FeO - 0.0017MgO - 0.0143Ca0 -
0.0155Nay0 - 0.0007K»20; F2 ="- 0.0130Si05 - 0.0185TiO; - 0.0129A1,03
0.0134FeO - 0.0300MgO - 0.0204CaO - 0.048INayO + 0.07I5K,0; F3 = -
0.0221Si09 - 0.0532TiOy - 0.0361Al503 - 0.0016FeO - 0.0310MgO - 0.0237Ca0 -
0.0614Naj0 - 0.0289[(23.
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Para el terremoto de 1912, r = 144 km y de la ecuacibén (3) se obtiene que h = 17.5 km.
Este dato ha sido obtenido con la escasa informacién existente debido al hecho de no tenerse
infformes donde no se sintieron los temblores. Sin embargo, se confirma el caracter
superficial de la fuente ya expuesto, y se obtiene una estimacidn grosera de la profundidad

hipocentral.

5.2.3 Estimacién de la magnitud de los temblores

Para la estimacibn de las magnitudes, basadas en los datos macrosismicos de los
temblores de Bajos del Toro, se utilizard la relacion que derivaron Gutenberg & Richter
(1956) para el sur de California, donde la profundidad de los temblores es generaimente
menor que 20 km:

M=14+ (28)l4 (4)

Para los eventos de 1851 y 1888 se estimdé una |y de VI, correspondiendo con una
magnitud de 63. Para los tres terremotos (1911, 1912, 1955) se estim6 una Iy = VI,
correspondiendo conM = 5.7.

Karnik (1968) obtuvo una relacién vélida para los paises europeos mediterraneos lego
de considerar un amplio conjunto de temblores:
M=05Ily+logh +035 (5)

Utilizando la relacion (5) con g = VIl y h = 18 km, obtenemos para el caso de los
tembiores de 1911, 1912y 1955, queM =5.1.

Al utilizar la misma relacién para el evento de 1851 y 1888, ambos con lg = Vil y h =
155 km y 15 km, resulta una magnitud de 55 Se pone en evidencia que estos valores seran
directamente mayores © menores conforme aumenta o disminuya el valor asignado de la
profundidad.
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Fig. 8. ‘Unaltered’ basic lavas from the geotraverse plotted in Pearce & Cann's (1973) Ti-Zr-Sr
diagram. See Figs. 4 and 6 for symbols and abbreviations.

character: the environment of the cinder cones rules it out, and the Corn Island basalls are

not known to be associated with 'ocean type' material (pelagic sediments and ultramafic

rocks). The chemistry of the Corn Island voicanics is more in agreement with a within

plate setting (Figs. 9-10; see also Fig. 6). Basalts of similar composition have, foi

example, been reported from the Galdpagos Islands (Mc Birney &Williams, 1969).

The SiOp versus KoO distribution (not shown here) of the Tertiary and Recent lavas
indicates that they belong to the calc-akaline series. Other geochemical features
demonstrate, however, that many of them are transitional -towards tholeiites (Figs. 6-8,10)
The Tamarindo basalts, and the Recent flows from NW Nicaragua exhibit the stronges
tholeiitic  affinity (without being tholeiites). Some elements and elemental ratios that give
a measure of the primitiveness/evolution (approximately corresponding to tholeiitic/calc
alkaline character), are plotted in Fig. 11 against distance to the present trench. It can be
seen how the calc-alkalinity increases away from the trench. The concomitant dicrease ir

Cu should be pointed out. Among the Recent lavas there is an analogous trend from NW to SE
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Fig. 10. Basic lavas from the geotraverse plotted in Pearce & Cann‘s (1973) Ti-Zr-Y diagram.
See Figs. 4 and 6 for symbols and abbreviations.

Fig. 9. MORB- normalized geochemical patterns for ‘unaltered* basic lavas from the geotraverse
(A-D); number of samples averaged for each group is given in parenthesis. Normalized
values (in ppm unless indicated) are: Sr = 120, K(;0) = 0.15%, Rb =2, Ba = 20,
Nb =135, P(305) = 0.12%, Zr = 90, Ti(Oy) = 1.5%’, Y =30, Cr =250 (MORB
refers to an average N- tholeiitic Mid-Ocean Ridge Basalt, cf. Pearce, 1982).
Representative analyses r}?lrgccarc:: 1982) of tholeiitic, calc-alkaline and shoshonitic
volcanic arc basalts (YAB) and a tholeiitic within plate basalt (WPB) are given in E for
comparison.
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Fig. 11. Averages for selected elements and elemental ratios in some Tertiary basic lavas from the

%eou'avcrsc samples at increasing distance from the present trench (situated west of the

amarindo volcanics; cf. Figs. 1-2). Number of samples averaged for each group is

shown in parenthesis. Scales can be inferred from the values (in pmm for Cu and Sr,

and in wt.% for K7O) given for the Tamarindo and Bluefields groups. FeO* = total iron

as FeO. Increases in K5O, ZrlY, and a decrease in KIRb across volcanic arcs and active

continental margins away from the trench are often used as a measure of magmatic
evolution.
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(Figs. 4 and 9; Table 2). Such trend, although of opposite direction, can also be discemed
for the Coyol volcanics ( Fig. 9).

DISCUSSION
The

(and mineralogical)

inferred

subduction of

tectonic settings.

compositions which are

With

the

since

the Com

the western margin of

middle Tertiary, the geochemical

Nicaraguan basalts and basaltic andesites within the geotraverse have chemical
in good agreement with
the ‘exception of
compositions typical. of volcanic arc lavas.
an oceanic plate below
extrapolated back to

their observed or
Island basalts they have

The present setting for the Recent volcanism -

Central America- can be

pattems of the Tertiary

volcanics are similar to those of the Recent ones (Fig. 9). The unvarying low grade of the

regional atteration (mordenite subfacies of the zeolite facies; Darce, 1987; Levi et al,
1987) over a large part of Nicaragua, in combination with thae chemical similarities
mentioned above, suggest that the geological history since the early Tertiary is
characterized by wvolcanism In an extensional setting like, for example, that in the
Nicaraguan Depression.

Volcanic arc lavas are enriched in LIL elements (e.g. Sr, K,Rb and Ba) relative to Ti, Y

and sometimes Zr and Nb,
tholeiitic, calc-alkaline and shoshonitic arc

lavas are plotted.

Recent NW Recent SE

Si0? 51.3 50.8
Na,0 2.74 2.99
K20 0.74 1.13
Sr 499 L84
Ba 5086 738
Cu 198 192
FeQ'/Mg0 2.03 2.15
K/Rb 423 Ale]
2rlY 3.33 4.10
Nb/Y 0.19 0.25
n 9 3

as can be seen in Fig. 9E where representative examples of

Our samples resemble the

Table 2. Averages for some elements and elemental ratios in Recent lavas from Nicaragua
cinder cones) NW = Cosigiiina to Momotombo, SE = Masaya to
*(n = number of samples averaged).

(excludin
Concepci
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calc-alkaline example chemically, although as a rule they are much richer in Ba. The lavas
with a tholeiitic affinity (strongest for the Tamarindo basalts) also have high Ba values,
and our analyses of the relatively primitive cinder cone lavas in the Managua area (cf. Fig.6)
confirm the high Ba (and Sr) concetrations reported for them by Bice (1980,1985) and
Walker (1984). The samples with the highest contents of LIL elements are the Siuna lavas.
They are also P-rich, in good agreement with their shoshonitic affinity (Fig.9).

The compositional variation displayed by the Tertiary volcanic rocks from the
geotraverse can be explained by one or more of the following factors: (a) varation in
character (oceanic versus continental) and thickness of the crust within the geotraverse;
(b) nature of the subducted materal; (c) changes in dip, rate, and direction of the
subducting slab; and (d) accretion of oceanic ridges or crustal fragments at the western
plate margin.

The character and thickness of the crust within the geotraverse is poorly known. The
Paleozoic-Mesozoic basement in N and NE Nicaragua extends for an unknown distance
towards the south. Trace element data for the Terliary volcanics indicates that they are
underlain by a thin continental crust which extends at least to the Nicaraguan Depression.
A plot of Zr versus ZrY is considered to discriminate between oceanic and continemtal arc
lavas (Pearce, 1983). The mayority of our samples fall in the continental field of this
diagram (not included here), but many from the entire length of the traverse are
transitional, and a few plot as weakly oceanic (Tamarindo lavas and some from the Coyol
group). However, the large wvolume of acid ignimbrites in the Tamarindo Formation is not
consistent with an oceanic source. The Comn Island samples are classified as ocean island
basalts in the Zr versus Zr/Y diagram.

The influence of the pre-Terliary basement appears to be reflected in the chemistry
of the Bonanza lavas. Bonanza and Bluefields are both relatively distant from the present
trench (Figs. 1 and 2). Volcanics from these localities - have very similar geochemical
patterns, with the exception of higher Ba and K and lower Cr in Bonanza (Figs. 9 and 11); the
Cr content is of little consequence here, since it is very susceptible to changes in degree of
fractional crystallization. As mentioned earler, high contents of LIL elements contributed
by the subduction procéss is one of the characteristics of volcanic arc lavas. The fact that
Ba and K alone -out of the LIL elements are enriched in the Bonanza flows, relative to those
from Bluefielde. suaaests crustal contamination. This is hardlv surorisina since Dpre-
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Tertiary rocks constitule a basement in the Bonanza area (Fig. 2) and Ba as well as K can
easily be taken up from the surmounding crust by magmas. Lead isotope data for Nicaraguan
gold deposits also suggest an increase in crustal contamination towards the northeast
(Sundbiad et al., 1985).

Crustal contamination of K could be the reason why Sr seems to be a better guide to
distance from the trench (or height above the subducting plate) than K (Fig. 11). This is
also indicated from studies in other volcanic arcs and in active continental margins (Hart et
al.,1970; Palacios & Oyarzin, 1975). According to Carr (1984) there is no relationship
between the K content (at 52 wt.% SiC2) in Recent volcanic rocks and depth to the seismic
zone (descending slab) in Central America.

The high contents of Ba in the subducted active ridge sediments of the Cocos plate
(Bostrdm, 1973,1976) might explain the anomaluos enrichment of this element in the
Nicaraguan welcanic rocks. A discussion of this and other possible controls for the
compositional varlation and origin of the volcanics must, however, wait until stable isotope
and additional trace element data are availabie.
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GEOCHEMISTRY OF VOLCANIC ROCKS IN A TRAVERSE THROUGH NICARAGUA

by Jan Olov Nystrdm, Beatriz Levi, Bjsrn Troéng, Jan Ehrenborg & Giovanni Carranza

Appendixes 1-2

Comment to Appendix 1

Rock types are indicated with the following abbreviations:
A = andesite |
B = basalt

BA = basaltic andesite

D = dacite

Haw = Hawaiite

ign = ignimbrite

Lat = latite

Mug = mugearite

R « rhyolite

Sho = shoshonite

T = trachyte

The samples are lavas unless something else is specified.
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Appendix 1. Rock type, siratigraphic position and location.

Sample Type

Bluefields

BLU 1 8
BLU 2 BA
BLU3 B
BLU 4 B
Bonanza Mine
BON1 BA
BON 2 BA
BON 3 B
BON 4 B
BONS 8
BON 6 8
BON7 BA
Cuesta Coyol area
cbc2 BA
CcDC3 B
cbcs D ign
CDC13  Dagn
CDC 14 D ign
cbC17 T ign
cDC 18 (o]
cDC 22 D ign
cbC 23 A
cDC 24 BA
cDC 25 BA
cbc 27 D
CDC 32 BA
CDC36A A
EC34 o]
EC 42 D
EC 43 D
EC 52 B

EC 55 8

EC 62 B

EC 90 BA
EC 104 B
EC 114 A
EC 120 BA
EC 125 A
EC 130 BA
EC 32 D ign
EC 136 BA
EC 137 BA
EC 142 8
EC 147 BA
EC 150 BA
EC 166 D gn
EC170 Rugn
EC177 B
EC 179 BA
EC 187 BA
EC 193 BA
EC 197 B

Group

Cukra
Cukra
Cukra
Cukra

Matagalpa
Matagalpa
Matagalpa
Matagalpa
Matagalpa
Matagalpa

‘Matagalpa

Coyol up
Coyol up
Coyol low
Coyol low
Coyol low
Coyol low
Coyo! low
Coyol low
Coyol low
Coyol low
Coyol low
Coyol low
Coyol low
Coyol low
Coyol low
Coyol low
Coyol low
Coyol up
Coyol low
Coyol low
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyo! up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up
Coyol up

Lecation

100

Great Old Bank point
El Blutf
Greal Old Bank point
Bluefields. south end

dnill
drill
dnll
drill
drill
drill
drill

core
core
core
core
core
core
core

(INMINE
(INMINE
(INMINE
(INMINE
(INMINE
(INMINE
(INMINE

1394.6/602.8 hill
1394.6/602.9 hill
1385.6/603.2 road cu!

1384.8/603.0 small hill

1384.8/603.0

1383.8/602.9 road
1382.0/602.2 road
1380.2/601.4 road
1379.8/601.9 road
1379.6/603.6 road
1379.6/603.6 road
1377.1/604.0 road
1379.1/604.0 road
1375.8/604.7 quarry
1380.1/601.7
1376.6/604 .3
1377.3/603.8
1378.2/602.5
1378.6/604 .4
1385.7/602.3
1377.5/606.6
1377.6/607 .9
1375 8/604.7
1374.7/606.7
1374.2/606.3
1368.9/614.3
1365.2/616.3
1365.6/616.9
1368 4/613.5
1370.1/614 1
1370.6/614 2
1372 4/613 3
1372 9/626.2
1373.2/624 6
1373 1/622.2
1373.21622.2
1377.5/609.7
1377.1/610 5
1377 0/610 9

8431054)
8431062)
B431066)
8431032)
8431049)
8431035)
8431028)

small hill

cut
cut
cut
cut
cul
cut (below 24)
cut
cut
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Appendix 1 Rock lype stratigraphic position and location (cont'd).

Sample Type Group Location

EC 205 Rign  Coyo! up 1376.8/611 1
EC 221 B Coyol up 1377.5/602.7
EC 225 8 Coyol up 1375.3/610 7
EC 227 BA Coyol up 1374.9/610.6
EC 231 BA Coyol up 1374.7/610.9
EC 233 BA Coyol up 1374.6/611 1
EC 234 B Coyol up 1374.6/611.2
EC 267 B Coyol up 137*.0/616.0

Chinandega area
CHD 2 BA Tamarindo Potosi road km 150.0 quarry
CHD 3 BA Tamarindo Potos! road km 156.4 quarry

Vn. Cerro Negro
CNO 1 B Recent Cerro Negro. 1971 lava

Comalapa road
coM? Digr Matagaipa 1351 1/659.6 road cut

vn. Concepcién

CON 1 A Recent S slope of the volcano
CON 2 2] Recent S-SE siope of the voicano
CON3 A Recent E-SE slope of the vokano
CONS BA Recent E-SE slope of the volcano
Vn. Cosiguina

COs 1 BA Recent S-SE slope of the voicano
COoS 4 A Recent S-SE siope of the volcano
coss A Recent S-SE siope of the volkcano
Ccoss BA Recent S-SE slope of the volcano
cos7 BA Recent S-SE siope of the volcano
Vn. S Crstébal

CRI 2 B Recent 1393.6/494.2 quarry

CRI 4 B Recent 1413.5'497.9 flow

Corn Islang

CRN B ate TT/Q E shore

CRN2 =] late TT/Q SE shore

CRN3 B ate TT/Q SE shore

CRN 4 BA ate TT/Q SE shore

CRNS BA ate TT'Q SE shore

Juigalpa road

JUL 1 B Coyo' up 1338.4/677.7 road cut
JUi 4 BA Coyol up 1341.6/688.5 road cut
JU! 13 o) Covol up 1344.0/861 1 quarry
Lecr oac

LEO® R g~ Tamarndo 1349 7/534.5 road cut
LEOS® BA Tamanndo 1341.1/538.6 road cut
LEO S B Tamarindo 1340.5/539.4 road cut
LEO16 Rgr Tamarindo 1368.8/503.1 outcrop at dirt road
LEO18 B Tamarindo 1372.9/506.7 quarry
LEO25A A Tamarindo 1342 6/537.8

LEO258 A Tamarindo 1342 6/537 8
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Appendix 1. Rock lype, stratigraphic position and location (cont'd).

Sample Type Group Location

La Libertad Juigaipa road

LB 1 BA Coyol up km 139.2 road cut

LB 14 B Coyol low km 143.2 quarry

L8 17 B Coyol low km 145.8 road cut

LB 20 B Coyol low km 146.7 road cut

La Libertad - Santo Tomds road )

LB 2 BA Coyol low 1339.7/703.1 roadside blocks
LB 4 A Coyol low 1342.9/698.5 quarry

La Libertad mine

LB 32 B Coyol low S Juan drill core 84003, 72 m
LB 34 -] Coyol low S Juan drill core 84003, 84 m
LB 36 B Coyol low S Juan drill core 84003, 1285 m
L8 39 8 Coyol low Sta Elena drill core 12, 60 m
Managua

MAN 1 B Recent 1340.8/575.6 cinder cone quarry
Vn. Masaya

MAS 2 B Recent 1320.0/592.8 lava field

MAS 4 B Recent 1337.5/503.1 cinder cone flow

Matagaipa  Siuna road

MAT 2 BA Matagalpa km 150.4 road outcrop
MAT 4 Mug Malagalpa km 152.6 quarry

MAT 12 BA Matagalpa km 160.7 quarry

MAT 14  BA Matagalpa km 170.5 roadside biocks

Matagalpa Muy Muy road
MAT 19 BA Coyol low 0.9 km N bridge Samulali, local bt

MAT 20 BA Coyol low 1.8 km SE bridge Samulali, road cut
Vn. Mombacho

MBC 1 BA Recent 1315.4/616.5 block in avalanche
MBC 5 A Recent 1315.4/616.5 block n avalanche
vn. Momotombo

MOM 1 A Recent S slope of the volcano

MOM 3 BA Recent S siope of the volcano

MOM § BA Recent W-NW sigpe of the voicane

Rama roag

RAM 7 B La Batea 1329.9/756.4 rniver oulcrop
RAM10 B La Batea 1327.4/749.68 road cut

RAM 11 A La Batea 1326.2/738.3 road cut

RAM 14 BA Matagaipa 1333.7/717.4 outcrop at dirt road
RAM15 B Coyol low 1330.9/702.2 road cut

RAM 16  BA Matagalpa 1327.5/609.7 below bnidge

R area

RIV 2 A Rivas? ca 1261/821 hill (local blocks)
RIV 4 A Brito? 1296.8/590.6 hill (local blocks)

Vr Santa Clara
SCL 1 B Recen! 1388 3/521 9 roadside blocks
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Appendix 1 Rock type. siratigraphic position and localion (cont'd)

Sample Type Group Locatlon

Siuna mine

Sw Sho Metapdn dnll core 5-79, 113 m (INM 6945)
SiU 3 Sho Maetapan dnil core $-79?

SV 4 Haw  Netapdn drif core S-79

SU S Haw  Menpin dnil core 75,117 m (INM. 8331428)
SiU s B Matapdn Cerro Guertero S-2 (INM. B431144)
Siu7 Lat Metapdn drill core 72, 37 m (INM. B331416)
S e A Metapdn operr pil, secc. 9N (INM. 8431176)
SiU 10 Lat Metapdn open pit (INMINE 8431175)

Sta Lucia area
SLu2 BA Matagaipa within area 1386-1391/648-650

SLu e Rwgn  Matagaipa 1380.6/645.6 quarry

SLlue 8 Matagaipa 1380.6/645.6 quarry (below 8)
SLU 1t A Coyol low 1378.1/645.4 road cut

SLu 13 D Matagalpa 1375.8/642.9 road cut

vn. Telica

TEL 1 a Recent 1385.2/511.9 flow

TEL 3 BA Recent 1385.1/511.7 quarry

Vn. Talpetas

TPT 1 B Recent 1349.4/573.4 cinder cone quarry

TPT 2 B Recent 1349.4/573.4 cinder cane quarry
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WL %
Si02
TiO2
Al203

H20+

CHD 2 CHD 3 CNO 1

52.37
1.09
16.07
4.85
5.80
0.18
5.44
9.60
2.76
0.59
0.19
0.37
0.22
99.53

COS 5

58.20
0.77
17.60
1.28
5.40
0.16
2.05
7.24
3.65
1.35
0.20
0.24
0.06
98.20

52.53
1.13
15.75
3.45
6.77
0.18
4.33
8.37
2.88
0.70
0.22
0.55
0.31
97.17

COs 6

5$1.66
0.82
17.88
3.48
6.67
0.20
4.62
9.38
2.80
0.73
0.13
0.29
0.06
98.72

49.21
0.85
19.71
3.03
6.80
0.18
4.58
11.05
2.33
0.45
0.07
0.16
0.05
98.47

Cos 7

51.25
0.87
18.30
3.46
6.26
0.19
4.18
9.29
3.08
0.77
0.16
0.33
0.07
98.21

CON 1

61.81
0.80
17.12
1.56
3.81
0.18
1.70
4.77
4.55
2.13
0.38
0.22
0.07
99.10

CRI 2

48.88
0.86
18.69
4.07
6.73
0.20
5.13
10.36
2.60
0.66
0.21
0.09
0.07
98.55

CON2 CON3 CONS

50.89
1.24
18.07
3.78
6.31
0.21
4.59
9.36
3.13
0.93
0.37
0.23
0.07
99.18

CRI 4

48.23
0.95
18.38
2.61
8.56
0.22
571
10.90
2.54
0.59
0.18
0.25
0.07
99.19

61.62
0.75
16.34
1.83
4.04
0.18
1.80
4.47
4.75
2.74
0.44
0.18
0.05
99.19

LEO 6

7t1.07
0.34
13.99
2.42
0.31
0.06
0.31
2.20
3.75
2.53
0.01
1.01
0.06
98.06

52.92
0.99
18.39
3.61
4.61
0.18
4.00
8.90
3.41
1.27
0.37
0.30
0.07
99.02

LEO 8

53.08
1.46
14.70
4.34
7.75
0.23
413
8.01
3.08
0.64
0.32
0.75
0.08
98.57

COs 1

52.07
0.77
17.09
5.60
3.68
0.18
4.14
8.09
3.13
1.02
0.24
0.61
0.14
96.76

LEO 9

50.02
1.02
18.06
3.63
6.78
0.19
4.03
9.87
2.68
0.51
0.13
0.49
0.06
97.47

Appendix 2A. Analyzed volcanics from western Nicaragua.

COos 4

59.05
0.77
17.77
1.80
5.29
0.17
2.00
6.42
3.96
1.57
0.26
0.27
0.06
99.39

LEO 16

70.12
0.36
13.06
0.93
1.27
0.07
0.48
2.14
3.93
1.64
0.16
3.77
0.05
97.98
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CDC2 CDC3 CDC®8 CDC 13 CDC 14 CDC 17 CDC 18 CDC 22 CDC 23 CDC 24 CDC 25 CDC 27 CDC 32

52.67
0.80
16.36
5.30
4.20
0.17
6.79
9.56
2.84
0.48
0.17
0.54
0.12
100.00

CDC 36A

60.59
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16.79
6.46
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0.20
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1.34
0.16
0.78
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98.88
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4.69
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0.52
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COM 7

65.55
0.71
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3.81
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2.70
0.25
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3.64
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3.08
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0.78
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3.87
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3.31
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96.84
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0.76
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EC 52

51.31
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6.78
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0.15
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99.77
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0.80
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1.7
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0.45
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0.05
98.59

EC 55
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4.15
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4.33
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3.02
1.15
0.20
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98.88
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16.50
3.39
1.79
0.13
1.88
4.59
2.94
2.78
0.12
2.75
0.10
97.50

EC 62

47.35
1.08

20.83
5.14
4.27
0.19
5.81
9.56
2.89
0.77
0.33
0.51
0.06

98.79

60.84 52.02
0.76  0.83
15.78  19.47
488  6.12
2.04  2.11
0.1 0.15
1.39 234
448 B8.87
3.90 3.40
3.03 084
0.29 0.22
0.66  0.64
0.06 0.06
98.22 97.97
EC 90 EC 104
54.02 50.62
090 0.93
19.11  16.70
493 574
288 3.72
0.18  0.17
2.56  6.86
8.99 902
331 272
0.73  0.81
025 0.25
0.80  0.69
0.09  0.06
98.73 99.19

Appendix 2B. Analyzed volcanics from central Nicaragua.
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19.77
5.00
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0.04
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59.28
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0.04
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EC 120

53.03
0.98
17.70
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0.77

0.18

0.63
. 0.07
99.62

52.77
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3.89
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0.16
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97.77
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59.54
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P205
H20+

Total

P205
H20+

Total

LB 2

55.75
1.33
15.29
4.86
5.37
0.20
3.40
7.05
3.56
1.70
0.31
0.49
0.17
99.48

MAT 14

54.94
1.1
17.22

2.52
0.20
3.65
7.85
3.68
1.97
0.43
0.58
0.08
98.79

LIB 4 LIB 14 LIB

56.93
0.98
16.33
4.78
3.41
0.16
2.90
6.76
3.42
1.78
0.24
0.68
0.11
98.48

4713
0.95
16.60
3.65
5.71
0.17
7.66
9.59
2.60
0.53
0.20
1.38
0.17
96.34

MAT 19 MAT 20

52.19
1.02
16.12
3.51
5.49
0.18
4.76
8.18
2.53
0.45
0.22
2.64
1.46
98.75

54.56
0.94
16.29
4.13
4.64
0.19
3.29
7.22
3.26
1.74
0.32
2.10
1.70
100.38

48.

-
v Mo

[T}

RAM

52.

15.

w

0.
0.
99.

NoooQONDNOSA

o—~w®osOo®

17 LIB 20 LIB 32 LIB 34 LIB 36 LIB 39

13 49 41
.83 0.96
.56 16 41
02 416
12 535
15 0.17
00  6.44
12 9.49
80 283
65  0.73
20 0.15
98  0.81
09  0.12
65 97.03
14 RAM 15
90  49.65
46 0.83
23 20.09
35  2.86
43 6.04
20 018
20 4.90
28 10.65
06 2.41
21 0.43
38  0.14
49 0.60
06 0.3
25  98.91

48.73
0.71
21.92
3.78
3.95
0.14
3.68
12.55
1.87
0.13
0.12
1.45
0.58
99.61

RAM 16

49.84
0.82
16.84
5.02
3.92
0.13
6.41
9.31
2.67
0.74
0.18
0.91
0.16
96.95

47 .38
0.99
18.31
3.63
6.45
0.19
4.77
11.10
2.47
0.19
0.20
217
1.39
99 .24

SLU 2

53.93
0.86
18.12
3.76
411
0.17
3.46
8.03
3.60
0.70
0.38
1.43
0.07
98.62

48.87
1.12
17.49
3.93
6.16
0.21
4.13
9.92
2.45
0.34
0.21
2.1
1.22
98.16

SLU 8

72.66
0.34
13.80
2.28
0.26
0.04
0.40
2.33
3.83
2.1
0.05
0.97
0.04
99.11

45.84
1.00
18.73
3:64
6.23
0.18
3.25
10.33
2.02
0.67
0.24
2.73
4.35
99.21

SLU 9

49.00
0.99
17.54
3.17
6.17
0.15
5.78
9.72
2.74
0.69
0.23
0.70
0.15
97.03

MAT 2 MAT 4 MAT 12

49.78
1.02
17.67
3.71
5.32
0.16
5.08
8.67
2.88
1.03
0.24
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0.16
96.66

SLU 1

56.27
1.09
17.77
4.40
2.55
0.20
2.22
6.97
4.01
1.48
0.27
0.59
0.33
98.15

Appendix 2B, Analyzed volcanics from ceniral Nicaragua (cont'd).
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