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ABSTRACT

Understanding the genesis and tectonic framework for orogenidgplkits is critical
for guiding exploration vectoring and understanding the geometry of ore zones within these
systems. Thus, structural investigations are needed to establish a holistic deformational
framework encompassing the entirety of the geolodjistibry for a host region. The San Albino
orogenic gold deposit of NW Nicaragua represents a poorly constrained mineral system. In part,
uncertainty around the genesis and structural modification arises from a paucity of academic
work in Nicaragua, whichsifurther exacerbated by the fact that the host region has experienced
a protracted, nearly continuous, history of tectonism since the Jurassic. Active open pit mining of
the deposit provides a unique opportunity to conduct new detailed investigatidrettdro
understand the San Albino deposit and related tectonic framework this study synthesizes varied
perspectives derived from drill core logging and open pit mapping, petrographic analysis,
statistical and kinematic analysis of structural orientatioms l&Pb zircon geochronology of
dike samples.

Drill core logging and open pit mapping provided key observational constraints, helping
to delineate preto synmineralization structure, such as isoclinal folds and mylonitic textures in
schistose host rocks, as well as a posteral, multiepisode higiry of fault formation.
Characterization of the mineralized vein sets reveals four distinct stages of vein development:
early shear vein emplacement (stage 1), episodic reactivation and progressive deposition of
sulfides with minor gold deposition (stagg Bcalized recrystallization and deposition of galena
and most of the free gold (stage 3), and a retrograde phase (stage 4). Subvertical dike-sets cross
cut the primary ore zones and are themselves cut by younger faults. Thus, the emplacement age
of the® dikes places an absolute timing constraint on mineralization and later strueRlye. U
dating of zircon grains from these dikes by-L@P-MS yields an emplacement age of ~96 Ma,
meaning mineralization likely occurred in the Early Cretacelbisinterpeted here that
mineralization likely occurretletween-115 100 Mg perhaps triggered by largeale tectonic
reconfigurations. Posghineralization faulend foldactivity includes aleast ond.aramide (~70

55 Ma) phase of shortening, with a younger, Tertiary to pretsgntphase of extension.
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CHAPTER1
INTRODUCTION

Understanding the structural setting for orogenic gold deposit formation is critical for
elucidating the underlying processes that controlled gold emplacement and for vectoring towards
additional resources. Orogenic gold deposits represent one of th& [giodeal sources of gold
(Frimmel, 2008)and are thought to formhuring regional orogenesis due to the release of
metamorphiederived fluids that are localized within crussalale structural networks (Goldfarb
et al., 2008). Due to their structural caritand syndeformational nature, constraining the
kinematic framework at the time of mineralization represents a criticabfidetr guide for
prospectivity, exploration, and near mine resource delineation. Furthermoregraigeaic gold
depositscommonly form coeval with peak to pgstak regional deformation, it is common for
mineralized systems to experience complex-puseralization structural overprint that
represents a significant impediment to discovery and recovery of contained resthisstsidy
is focused on the San Albino deposit of northern Nicaragua, which is part of a larger district of
vein-hosted gold occurrences within the Chortis terrane of Central America (Figs. 1.1 and 1.2).
Despite historic, smablicale gold mining dating bac& theColonial era, the area is poorly
studied, with the tectonic framework and relative timafignineralization poorly defined. Recent
exploration and mining activities by Mako Mining Corp. have improved the understanding of the
geometry and a broad pgemesis of gold mineralization at the San Albino deposit (e.g., Lipson
et al., 2024). However, more detailed structural, paragenetic, and geochronological studies are
needed to better understand -gy@netic controls on mineralization within a broader fraomi
of relatively complex Central American tectonic evolution.

This study includes observations made in the open pit, with a comparison to drill core
collected in the same part of the deposit as part of resource delineation prior to mining. Through
integration of geologic mapping, structural analysis, petrographigsisieand UPb zircon
geochronology, this contribution aims to better define the structural evolution, paragenesis and
controls on mineralization of the San Albino deposit and immediate region. These results provide
a more robust framework for regionalpdoration and ongoing mining in the district, while
contributing to the understanding of orogenic gold deposit systems in Nicaragua and related

domains in Central America.
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1.1 RegionalGeologicalSetting

Nicaragua is located on the western portion of the Caribbean plate, situated between the
North American and Cocos plates (Fig. 1.1). The Caribbean plate is further differentiated into
terranes and blocks of differing origin and tectonic affinities, ranfyorg continentally derived
rocks to accreted continental, oceanic, and-ot@anic arc terranes. The Chortis terrane (c.f.
Dengo,1969) comprises large proportions of El Salvador, Honduras, Guatemala, and Nicaragua,
and contains the largest proportidircontinental crust of the Caribbean plate. It is separated
from the North American plate by the MotagRalochic fault zone, which extends eastward into
the Swan Islands fault zone (Cayniough) in the Gulf of Mexico (Fig. 1.1). The Chortis
terrane has been further subdivided by different authors using aeromagnetic signatures, lithologic
patterns, isotopidating constraints, and lead isotope results. In this wor&uhdivisions of
Rogers et al. (2007a) are used, with the Chortis terrane consisting of the Central Chortis block,
Southern Chortis block, and Eastern Chortis block (Fig. 1.1). The Eastern Chortis block is
referred to by other workers as the Patuca gemtextnit (Gazel et al. 2021) or the Dipilto
micro-block (GarciaAmador et al. 2020).

The Central and Eastern Chortis blocks are interpreted to represent continental crust that
originated in a perGondwanan position (Freeborne and Braid, 2022). They are primarily
differentiated by the presence of exposed Precambrian to Paleozoic rdek<ientral Chortis
block. For example, in Honduras subaerially limited exposures contain metaigneous and
orthogneiss units with wideanging UPb zircon crystallization ages ©1150 1015 Ma, ~885
Ma, ~405 395 Ma, and ~27235 Ma(Manton, 1996; Ratschbaahet al., 2009). Based on the
presence of these units, a Grenville (~I2@D0 Ma) origin for felsic crust within the Chortis
terrane has been proposed, with younger Neoproterozoic, Silurian, and PEriassic
tectonothermal events representing later crustal growth and/or reworking, largely as part of
Gondwanan associationrRdtschbacher et al., 2009, Freeborne and Braid, 2022). These older
units are best documented in Honduras and Guatemala where they are surrounded by greenschist
to amphibolite faciemetasedimentary and metavolcanic successions assigned to the Cacaguapa
schist althoughther contact is poorly preserved and may be structural in nature (Figand
1.3; Ratschbacher et al., 2009). Regardless, the metasedimentary units of the Cacaguapa schist
contain detrital zircon age spectra that are similar to ages documented in the gneissic units
(TorresDe Ledn et al., 2012). This implies provenance from theigetous units and/or source



domains with similarly aged rocks such as the Acatlan complex of southern Mexico (Talavera
Mendoza et al., 2013T.he depositional age of the Cacaguapa schist is limited by a paucity of
data,with existing constraints indicating that it is, at least locally in Honduras, younger than the
Silurian (Fig. 1.3; Ratschbacher et al., 2009), although these detrital zircon age spectra are
similar to those documented in the Early Jurassic Agua Friaataymin Honduras (Garza et al.,
2019) and the Nueva Segovia sti{NSS) in Nicaragua (Freeborne and Braid, 2022). Thus, it is
possible that the Cacaguapa schist represents more intensely deformed and metamorphosed
equivalents to the Jurassic Agua Fria formation and NSS (e.g., Horne et al., 1976; Viland et al.,
1996; Kg. 1.3). The Agua Fria formation (part of the Honduras Group) isdeelimented in
eastern Honduragihere it contains flora and fauna assemblages indicative of a Middle Jurassic
age (Finch an®itchie, 1985; Viland et al., 1996).
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relationships derived from observations in the Central and Eastern Chortis blocks (Rogers et al., 2007b,c)
in Honduras relative to the Eastern Chortis block of Nicaragua (this study) and the Siuna terrane (Andijic
et al., 2019).



Throughout Nicaragua and Honduras, the Agua Fria formation and NSS are
unconformably overlain by conglomeratic red beds of the Tepemechin Formation (Fig. 1.3).
Where preserved, this contact forms an angular unconformity with relativelyifigt
Tepemechi units overlying subvertical units of the Agua Fria formation (Viland et al., 1996).

The Cretaceous Tepemechin formation is overlain by platform carbonate successions of the
Atima formation, followed by Late Cretaceous clastic sedimentary rocks of \‘ceageles
formation and volcanic to volcaniclastic units of the Wampu and Tabacon formations,
respectively (Fig. 1.3; Rogers et al., 2007b,c).

The Southern Chortis block (Fig. 1.1) is defined by Jurassic to Cretaceous basalts,
serpentinites, ultramafic bodies, treddhsedimentary rocks, and volcanic units, along with
domains dominated by younger (Late Cretaceous to Cenozoic) sedimentaofcamitcvocks
deposited in forearc extensional basins (Gazel et al., 2021). These are overlain by younger (up to
present day) volcanic and sedimentary rocks, with older units comprising the Totogalpa red
congl omerate and t he Ma,twhich&rmedalo®dheactive Middel c an i
America trench system (Del Giudice, 1960; G8§lI
Matagalpa, and Somoto units are Oligocene to Miocene in age and, locally, directly overlie the
NSS, particularly at the southern exttef the Central and Eastern Chortis blocks (Fig. 1.2;
Ehrenborg, 1996; Solano R20s, 2012; G8l ek and

The Siuna terrane (Venable, 1994; 2001), also referred to as the Mesquito Composite
Oceaniderrane (MCOT; Baumgartner et al., 2008), occurs to the SE of the Chortis terrane (Fig
1.1). The Siuna terrane is interpreted as an-imteanic arc complex and mélange succession
that was accreted to the Chortis terrane in the Late Cretaceous (Veng@#lerd@ers et al.,
2007a; Baumgartner et al., 2008; Andjic et2019a,b; Gazel et aR021). The mélange
succession contains blogk-matrix serpentinite, bakaand ultramafic rocks that record eclogite
faciesmetamorphic conditions. These are overlain by younger (late Cretaceous to Cenozoic)
sedimentary rocks (dominantly siltstones and carbonate units) and volcanic rocks (Venable,
1994; EscudeV¥iruete et al. 2019; Gazel et al., 2021) as part of the EIl Amparo and Rio Matis
Formations (Fig. 1.3). Mineral deposits in the BonaRpaitaSiuna region (Fig. 1.2nhclude
epithermal veins, skarns, and porphyry styles of mineralization defined by structurallyledntrol
to disseminated deposit systems that contain significant gold, copper, silver and base metals that
are spatially associated with Laramialged (~7555 Ma) igneous rocks (Venable, 2001). To the



SE of the Siuna terrane is the Caribbean large igneous province (CLIP), which comprises a large
proportion of the subaqueous parts of the Caribbean Plate. The CLIP is defined by an area of
thickened (up to 20 km) oceanic crust formed by flbadalt magma&m, likely representing

multiple amalgamated oceanic plateaus over a protracted period from ~140 Ma to ~70 Ma
(Hoernle et al., 2004).

1.2 Structural and TectonicFramework

The Precambrian to Paleozoic basement components of the Chortis terrane originated as a
Pacificfacing domain along the margin of South America prior to Pangea-bpeak~200 Ma
(Ratschbacher et al., 2009; Moli@arza et al., 2019; Garelsmador et al.2021; Freeborne
and Braid, 2022), after which paleomagnetic data indicates it was located outboard of the
Guerrero terrane and associated portions of nuclear Mexico (Ratschbacher et al., 2009; Garcia
Amador et al., 2020). Consistency in detrital zircoovpnance, geophysical patterns, and
paleomagnetic signatures between the Chortis and Mixteca terranes support a shared history
throughout much of the Mesozoic as a result of interactions between these continental blocks
which, ultimately, culminated in ar€aceous orogenic event (Rogers, 2003; Mann, 2007;
Ratschbacher et al., 2009; Talav&tandoza et al., 2013; Garefamador et al., 2021; Freeborne
and Braid, 2022). Complicating tectonic interpretations is the broadly coeval collision of the
Siuna terranérom the SE (presefttay configuration; Fig. 1.1). Venable (1994) placed the age
of Siuna terrane accretion at <80 Ma based on stratigraphic relationships and the presence of
Laramide aged (750 Ma) intrusive bodies. More recent work (Flores et al., 2015; Andit, et
2019b) constrains the timing of initial collision to ~1335 Ma, based on stratigraphic
relationships, paleontological evidence, and retrograde metamorphic ages in the ophiolitic blocks
contained in the mélange. Furthermore, initial abaneof the Siuna terrane may have involved a
switch in subduction polarity before-establishment of a NWilirected subduction zone along a
new, outboard margin prior to eventual impingement of the CLIP at <90 Ma (Andjic et al.,
2019a).

An important structural feature of the Eastern Chortis block is the Colothfaist belt
(CFTB) (Fig. 1.2). It occurs in eastern Honduras, approximately 100 km NE of the Corona de
Oro district, and extends a further 350 km NE into the Nicaragua Rise (Figand 1.2; Rogers
et al., 2007b, Sanchezadt, 2015). The CFTB is a thiskinned foldthrust belt defined by SE



dipping imbricate thrust sheets and related faahd folds, which affects the Jurassic Agua Fria
formation as well as younger Cretaceous (volemeaimentary rocks of the Atima, Valle de
Angeles, and Wampu formations (Fig. 1.3, Rogers, 2003; Rogeks207b; Sanchez et al.,
2015).Volcanic rocks of the Wampu formation have been dated-By K plagioclase to 70.4 £
3.4 Ma Weiland etal., 1992). Thus, Rogers et al. (2007b) concluded that a9¥Mirected
(presentday reference frame) contractioralent formed the CFTB as part of Late Cretaceous to
early Tertiary tectonism (at <70 Ma). This event may have continued into the Paleogene, likely
due to protracted collision of the CLIP with the amalgamated Chortis and Siuna terranes (Hornle
et al., 2004Andjic et al., 2019b). Structural investigations are limited within the Corona de Oro
belt making it difficult to correlate locadcale observations to terraseale interpretations of
Mesozoic to Early Tertiary tectonic events.

At ca. 50 Ma (Mann, 2007; Ratschbackearl., 2009) the amalgamated Chortis and
Siuna terranes began to translate to #&Halong the Polochidotagua fault zone (Fig. 1.1).
This fault zone has accommodated ~1100 km of sinistral displacement, facilitating the
translation of Central Ameridato its presentlay position, with tectonic activity ongoing
(Mann, 2007; Ratschbacher at al., 2009; Ga#gtaador et al., 2020). During this time, the
Chortis terrane also underwent at least 30 degrees of tacalee counterclockwise rotation
(Rogerset al., 2007b, Molingarza et al., 2019) with some paleomagnetic studies suggesting as
much as 100 degrees of rotation (Gav&maador et al., 2020). This resulted in inpiate
deformation distributed across the Chortis terrane and the formation ofjatmjNW and NE
trending grabetbbounded basins (Manton, 1987), as well as inversion of earlier thrust faults
(Sanchez et al., 2015). Such structure can display variable geometries on different sides of the
Guayape fault system (GFS; Figs. 1.1 and 1.2;ttarl987; Garcishmador et al., 2021),
although bedrock structure is poorly delineated in Nicaragua. Nonetheless, the GFS is a regional
scale fault system that transects the entirety of the Chortis terrane extending to the NE into the
Nicaraguan Rise (FidL.1). The GFS is interpreted to have recorded dextral displacements as
part of the Tertiary intrplate deformation (Gordon and Muelberger, 1994), while earlier phases
of sinistral and dextral kinematics are interpreted to have accompanied Cretacenisnec
(GarciaAmador et al., 2021). No seismicity has been documented on the GFS since at least the
Colonial Era (1500s), although offset of modeay river systems and associated drainage

basins suggest the potential for relatively recent (<2 Ka) gci@ordon and Mudberger,



1994). The GFS represents a ldivgd, regionalscale structural corridor that occurs within 50
km of the San Albino deposit, and related splays are likely to have played a role in the
localization of deformation and fluid flow as part of Mesozoic oraggonid mineralization in

the Chortis terrane of Nicaragua.

1.3 Geology of the San Albindepost

The San Albino deposit (Figs. 1.2 and 1.4) is hosted by the NSS of the Eastern Chortis
block, which throughout the deposit area is comprised of a black, carbonaceous schist that is
interlayered with metapelite, metapsammite, marble, and metavolcani¢Buritinek and
GA e RO15; Freeborne and Bra2022; Lipson et al., 2024). The NSS, also referred to as the
Palacaguina Formation (del Giudice, 1960; Zofigriacci and del Giudice, 1958), is poorly
correlated regionally, and, as discussed above, it mlgeghat it is correlative to the Cacaguapa
schist in Honduras (Horne et al., 1976; Vilandlet1996; GarcisAmador etal., 2020), while
others have correlated it with the Early Jurassic (+180 Ma) Agua Fria Formation (Blandino
et al., 2007; Garcidmador et al., 2020; Lipson et al., 2024). In part, regional correlations have
been hampered by a lack of detailed mapping along the Hordigaisgua border, as well as a
paucity of isotopic datig constraints, meaning that it is possible that all tbféleese units are
correlative. In the San Albino area, the NSS records greenschist facies metamorphic conditions,
with abundant chlorite and minor quartz defining a penetrative foliation that-st&vg and
dips moderately to the NW (Buridnekand 8l | ek, 2011 ; Li pson et al
fabric is interpreted to reflect the last major phase of contractional deformation{ioé., D
Lipson etal., 2024). Locally, primary compositional layering is wa#fined, with isoclinal folds
and an asswated axial planar cleavage being observed.

As little as 5 km to the west of the San Albino deposit, the ~FIIP® Ma Dipilto
Batholith intrudes the NSS (Figs. 1.2 and 1.4; Gafgraador et al., 2020). The batholithic
complex is one of the largest in Central America (>908) kwariably consisting of granite,
granodiorite and tonalite phases, with ealkaline affinities (GarcisAmador et al., 2020; 2021).
Proximal (<300 m) to its contact with the host NSS a-delteloped lower amphibolite facies
contact aureole is observetth paelobarometry studies indicating a depth of emplacement at
~5i6 km (Buri 8nek and Doln2| ek 2011; Buri 8nek

interpreted to represent an aetated complex, likely forming as part of the system associated
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with the intraoceanic arc system of the Siuna terrane (Venable, 1994; Flores et al., 2015; Andijic
etal., 2019b; GarcigAmador et al., 2021). Despite a broad spatial association, thus far, there is
no evidence to suggest that gold mineralization at San Albino relates to malgyaatthermal
activity associated with the Dipilto Batholith.
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Figure 14 Geologic map of San Albino study area. (A) Location of the San Albino and Las Conchitas
deposit area relative to nearby taand the Mako Mining Corp. mineral concessions. Distributed gold
occurrences in this area are referred to as the Corona de Oro belt. The San Albino mine is located
approximately 6 km to the SE of Btaro, with the Las Conchitas deposit area located several kilometers

to the south. (B) Generalized map of the San Albino mine area displaying the projected surface expression
of the depeit system, along with the approximate location of open pits. Note the location of the cross
section displayed in Figure 1.5A.

Gold mineralization at San Albino is found within shallowly to moderately WNW
dipping, banded quarzarbonate shear veins (Lipson et al., 2024; Ristorcelli et al., 2024), with
similar occurrences along strike for >25 km being referred to as the Cor@va telt (Fig.
1.4). These locally crossut early structure (Disoclinal folds and associated fabrics) at a
shallow angle, being hosted within shear zones with cryptic margins. Base and precious metal
anomalies are typically confined to the-3In thck, banded vein sets, with the resource areas
containing multiple, parallel vein sets in stacked zones (Fig. 1.5). These zones display a regular

spacing on the order of 100s of meters (e.g., the San Albino, Naranjo, and Arras vein sets; Fig.
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1.5A), which may relate to discrete shear zones active at various times during progressive, syn
genetic deformation (Lipson et al., 2024).

Within the San Albino and Las Conchitas areas (Fig. 1.4), ~0.9 Moz of gold has been
defined in the indicated and inferred categories (Ristorcelli et al., 2024). Alteration zones within
the host schist are cryptic to poorly developed, although-Boadé £€1m) zones containing
elevated sericite content are documented (Lipson et al., 2024), which are best observed in
weathered exposures and/or in thin section. Higlde gold (>10 g/t) is typically confined to the
vein sets in textural association with stéfs, mainlypyrite, arsenopyrite, sphalerjtandgalena
disseminated styles of mineralization are rare (Lipson et al., 2024). The veins and host rock are
locally folded, particularly in proximity to goug#ch fault zones, with younger subvertical,
ESEtrending, intermediateomposition dikes crossutting al earlier structure, and the dikes
cut by at least two generations of younger faults (Lips@h £024). Despite these
observations, a coherent framework explaining symostmineralization structure has
remained enigmatic. Furthermore, the absahgges of the dikes and mineralization are
unknown, making regional correlations and green fields exploration difficult outside the primary

resource areas at San Albino and Las Conchitas.
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Figure 15 Characteristics of the mineralized zones in the San Albino and Las Conchitas deposits. (A)
Interpretive cross section for San Albino and Las Conchitas deposit areas displaying stacked vein system,
including the San Albino, Arras, and Naranjo vein sets. ifetifrom Lipson et al. (2024). (B) Photograph

of the mineralized San Albino vein set as observed in drill core. (C) Photograph of the San Albino vein set
as observed in the San Albino Main Pit.
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CHAPTER 2
METHODS

2.1 Core Logging and Sampling

Three diamond drill holes (SA1224, SA19229, and SA2@117, Fig. 2.1 p. 16 that
intercept the San Albino vein set were relogged in detail. Core logging was performed on HQ
half-core.Detailed notes on general appearance, structure (contacts, foliation, faults, axial
planes, fractures) orientations relative to the core axis, and carbonate and sulfide occurrence
were recorded. Existing muiélement ICP analysis and Au fire assay datatfe drillholes was
provided by Mako Mining Corp. for comparison, and downhole plots for Au, Ag, Plan8isZn
were created in ioGAS. Dirill traces of the holes were plotted in Leapfrog Geo and compared to
foliation and vein measurements from the Sanmdlviain Pit to allow rough orientations of
core intervals of interest.

Samples of the drill core were taken both in the mineralized quartz veins and the NSS
host rock. Depths and downhole orientation of samples were recorded. Samples of schist were
taken both proximal to the vein (within a few meters to directly in contaatjefl as more distal
(up to 8 m from mineralized veins). Areas of structural interest, such as strongly folded foliation
or core proximal to fault zones, were also sampled. Samples of quartz veins from three other drill
holes, SA 1124, SA1246, and SA1248, were also collected, for 83 samples from drill holes
collected in total. Additionally, several grab samples of mineralized quartz veins were taken

from San Albino and Arras during mapping.

2.2 Mapping and Structural Analysis

Openpit bench mapping was conducted during the summers of 2022 and 2023 in order to
obtain field observations and related structural orientations. Measured structures include
mineralized veins, faults and théimeation(if present), foliation, folds (hinges and axial planes),
fractures, and crosautting dikes. While multiple fabrics are locally observed, including
crenulation and axial planar cleavages, they were not the primary focus and, where measured, are
includedwith all measured foliation data this study. All planar measurements were collected
using a Brunton compass and are reported as Americarhagitrule (e.g., strike/dip). Active

mining of the orebody on threaeter hakbenches was ongoing durintapping, so longerm
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mapping was not possible. Therefore, emphasis was placed on relatpidlglata collection on
key areas in and adjacent to the mineralized veins when exposed tays between blasting
and mining operations. In areas distal to the ore zone, along open pit exposures that remained for
longer periods of time, more detailedservatios were obtained. Typically, these areas
corresponded to the immedidt®twall or hanging wall to the mineralized San Albino vein set
Figure 2.1displaysa DEM of the San Alino Main Pit as of July 242023, with field stations
plotted as red circles, the traces of sampled drill holes, and the locations of detailed bench
mapping sections through both summers. The sections arecooled according to elevation to
account for concurrent mining.

All measured planar and linear structural data were plotted on-lesveisphere, equal
area stereographic projections using the Orient 3.22.1 spherical projection and data analysis
program (Vollmer, 2015; 2023). To assess statistical distributions foea data type, a
modified kamb contouring method was employed, using the default Orient setting. This was used
to visualize the data distribution, helping to identify modes and guiding subsequent cluster
analysis. The primary clustering methods used ware&ns and densHyased clustering
(Vollmer, 2022). For each method, the number of clusters, k, was set to valueg depending
on the observed modal distributions. Faration and vein data, girdle clustering was used to
delineate fold patterns. Lastlyfazzy clustering method was applied to the fold hinge data,
which iterative data analysis indicated provided the most robust statistical fit for these data.

2.3 Petrography and Microstructu re

From drill core and outcrop samples, atotalofsixth r ee pol i shed t hi ck
thickness) were created at the Colorado School of Mines thin section laboratory, to be used for
microstructural and petrographic study. The thick sections areedlisnth that the plane of the
sections is parallel to the samplesd miner al
and/or vein contacts. A subordinate set of samples were prepared perpendicular to lineation to
evaluate microstructural relationph in 3D. In a few intervals of quartz vein material, several
successive sections were cut to capture variation along the width of the vein.

Microstructural and petrographic analysis was performed via transmitted light, reflected
light, and scanning electron microscoBEM). All work was performed at the Mineral and

Materials Characterization Faciligtthe Colorado School of Mines in Golden, Colorado.
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Optical analysis utilized an Olympus BX53M microscope outfitted with a Leica Flexacam C1
cameraThe SEMwork was conducted on a TESCAN MIRA3 LMH Schottky field emission
scanning electron microscope with an acceleration voltage of 20kV, a beam intensity of 11, and a
10 mm working distancd&his provided high resolution backscattered electron (BSE) images and
was supported by energy dispersiviRdy spectroscopy (EDS) to provide sequantitative

elemental compositions of major and accessory phases. This was used to confirm optical

petrographic bservations as well as to identify fugeained accessory phases.

2.4 Geochronology

In addition to samples of vein and wall rock material for petrographic analysis, zircon
separates were obtained for two samples of-agdlosed, crossutting dikes in 2023Fig. 2.J).
The separates were produced by Overburden Drilling Management using electronic pulse
disaggregation, magnetic separation, and wet density separation. Zircon grains from the resultant
heavy mineral, nomagnetic concentrate were picked by handand mdunte nt o a 10 e p 0)>
The epoxy puck was then polished to expose tlw@rzzigrains at ~halfrain depth.

The LA-ICP-MS analyses of zircon grains were conducted at The University of Kansas
Isotope Geochemistry Laboratory using a Thermo Scientific ElementXI&Rttached to a
Photon Machines Analyte G2 193 nm Ardpotexci mer
were ablated with the laser at 2.0 Jdtuency and 10 Hz repetition rate. The ablated material
was carried to the ICP in He gas with a flow rate of 1.01 I/min, tied into argon gas with a flow
rate of 1.1 I/min 20 cm before entering the V8. Elemental fractionation, lasenduced
fractionation and calibration drift were corrected by bracketing measurements of unknowns with
GJ1 zircon as the primary reference material (600.4 £0.65 Ma for GJ1; Jackson et al., 2004).
Data reduction used the Vizuafa data reduction scheme (Petrus and Kamber, 2011) for the
IOLITE software package (Paton et al., 2010; 2011). Data produced with these programs was
then exported to Microsoft Excel. Isotopic results were filtered for discordance (<5%) and
ablation times ©>10 s, providing a set of concordant analyses. The concordant analyses were
used to calculate emplacement ages for each spot analysis, and to infer characteristics of the NSS
based on the inherited zircon dates. Concordia, tippecept, and weightedrarages were
interpreted from the isotopic results, with t

internal error using the Isoplot R program (Vermeesch, 2018)
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CHAPTER 3
RESULTS

This chapter includes the results derived from field and laboratory investigations on the
structure, paragenesis, and relative age of the San Albino deposit system. First, observations
derived from diamond driioles (DDHs)and related geochemical determinations are
summarized (Section 3.1), followed by a summary of the observations and data analysis derived
from open pit mapping (Section 3.2), and from petrographic analysis of thin sections derived
from drill core and fieldsampling (Section 3.3). Lastly, the results ePb isotope LAICP-MS
analysis of zircon grains from dikes that display veelhstrained, crossutting field
relationships are discussed (Section 3.4). Together, tbgsks are used to establish a new

framework for the understanding of orogenic gold mineralization in Nicaragua.

3.1 Diamond Drill Hole Observations

Three DDHs, SA1224, SA19229, and SA28117, were investigated in detail to compare
open pit observations to those derived prior to mining. These DDHs represent ~50 m of along
strike extensions of the San Albino ore zone (Figs. 2.1 and 3.1). Two addDdiDHsg, SA1246
and SA1248 were investigated in less detail, with sampling being conducted at mineralized
horizons, based on existing geochemical results. These drill holes are from the NW area of the
San Albino Main Pit. Figure 3.1 also displays the tmzaof samples collected for petrographic
analysis, with a mordetailed list includedsaSupplemental Table.A

3.1.1 SA19224

Drillhole SA19224 (Table3.1, p. 19 Fig. 3.1A) is a vertical, 59.9 m long drill hole
located roughly in the middle of the San Albino deposit (Fig 2.1). The uppearcef2he
drillhole is comprised of heavily weathered overburdensapifolite material. The saprolite
material grades into moderate to weakly oxidized schist further downhole over the inteiival of 2
4m depth. Localized, intense oxidation occurs downhole following foliation surfaces, fault
zones, and fracture sets up to a depth of ~25 m, after which fresh wall rock and vein material
predominate.

The DDH is mostly comprised of a foliated schist. Overall, the foliation is penetrative

and planar, defined by alternating bands of carbonaceous schist, phyllite, and psammite units.
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Locally, asymmetric to isoclinal folds are observed in the schist, and are associated with
relatively rapid downhole shifts in the orientation of the foliation to the core axis. Some folds
have well defined shapes and geometries, while in other locateypsppear chaotic to
ptygmatic. The schist also commonly contains milky white quartz pods and/or boudinaged vein
material (Fig. 3.2A, Bp. 20. These form crscale pods and/or discontinuous layers, defining
pinch-andswell structure and asymmetric peltations of the foliation. Throughout the

drillhole, the schist contains minor (<3%) modal abundances of pyrite as disseminated
occurrencedr-aults are identified where sharp discontinuities exist between schistose rocks
and/or vein margins. At ~15 m andi2® m depth, several of these discrete faults were logged
(Fig. 3.2A). These faults display sharp, planar contacts with the wall rock and form relatively
narrow (<10 cm) gougech domains. Other faulelated features include more broad domains

containingabundant gouge and breccia material.
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Figure 3.1Diagrammatic downhole logs with assay values of select drillholes. Three diamond drill holes
were relogged and are compared to the geochemical results for gold, silver lead, zinc, and arsenic for
SA19-224 (A), SA19229 (B), and SA2@17 (C). Note arsen@nomalies around younger faults as well

as the mineralized veins. Lead concentrations show a strong correlation to elevated (>1 ppm) gold and
silver values, zinc shows more broad anomalies.
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Table3.1 Location and orientation data for logged and sampled diamond drill holes.
DrillHole # Easting Northing Elevation Depth Azimuth Dip

SA12-46 597038 1513755 563 101 130 70
SA12-48 597066 1513790 563 88 120 70
SA19-224 597167 1513710 567 58.8 0 90
SA19-229 597195 1513700 574 64.9 310 60
SA20-417 5971584 1513715 568 61.6 310 70

At ~36 m depth, a larger (~5 m) domain of milky white and banded to mottled quartz
vein occurs (Fig. 3.3Ap. 2)), representing the primary ore zone of the San Albino deposit.
Several distinct vein zones are recognized over an ~5 m interval, being separated by gouge and
breccia domains that contain a high proportion of quartz clasts and/or strongly deformed schist.
The gouge and breccia zones formi 0.25 m intervals bounded at both margins by banded
veins (Fig. 3.3A). In part, the mottled appearance corresponds to sulfide aggregates. These
contain pyrite £ arsenopyrite £ galena + sphalerite, with visible gold observed locally. Banding
within the veinset is defined by carbonames material and wall rock septa, as well as domains
of dark gray to blugray quartz. The mineralized vein sets extend to a depth of ~45 m, forming
an ~5 m wide ore zone in drill core. This lower extent of the ore zone forms a coherent contact
with strondy foliated, irregularly folded, and sheared schist, which extends to the end of the hole
at 59.9 m.

3.1.2 SA19229

Drill hole SA19229 was collared to the east of SA224 and is an inclined drill hole
with a dip and azimuth of 60Y310 (Figs. 2.1
hole is dominated by overburden and heavily weathered saprolite matéhadxidized
domains extending to ~30 m depth. Several narrow faults were logged in the upper portions of
the drill hole at 17.5 m and 23.5 m depths (Fig. 3.1B). The schist in the upper portions of the drill
hole is similar to characteristics observe®ml9-224, with planar to locally folded schist that
contains crrscale quartz pods and boudins (Fig. 3.2B). Several longer intervals of milky white
guartz vein occur at 26.v39.0 m depth. These contain no observable sulfides and are

comprised of a coarggrained milky quartz
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Figure 3.2Photographs of common textures observed in drill core. (A) Representative fault forming a
narrow, clayrich gouge zone with wetlefined, sharp contacts with the host schist. (B) Chaotic to

isoclinal folds marked by compositional layering and deformedtgpads and boudins in the host

schist. (C) Variations on the contact of the mineralized vein sets of the San Albino ore zone. The contact
is either an irregular, brecciated margin or may be a structurally concordant, planar contact witlicmylonit
schist. The mineralized vein interval is characterized by the presence of massive, milky quartz domains
and/or darker, banded zones, with more abundant wall rock selvages.
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Figure 3.3Representative photad the primary ore zone at the San Albino deposit. A comparison of the primary ore zone as observed in diamond
drill holes SA19224 (A), SA19229 (B), and SA2€117 (C), representing an ~50 m SW to NE trending zone within the main portion of the open

pit. Annotations delineate common features such as vein andvadlirock textural relationships, as well as features associated with post
mineralization structural overprint. See Figure 2.1 and Tafléor drill hole locatiors and orientatios
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At ~47 mdepth, chaotic textures are spatially associated with the first appearance of
banded to mottled veins that contain galena, arsenopyrite, sphalerite, and visible gold (Fig 3.3B).
Multiple (3i 4) discrete veins with a true thickness 13 cm are observed up to a downhole
depth of ~50 m. At this depth, a relatively broad (~5 m) zone dominated by gouge and breccia is
observed, with larger clasts displaying a similar mottled appearance and displayiscatam
aggregates of pyrite and/or eam®pyrite. This gougand breccia zone forms a sharp lower
contact with a large (~2.5 m) interval of massive to banded quartz vein containing abundant
(>5% by area) sulfides. This vein is separated from another ~1 m long interval of mineralized
vein by ~3m of coherent, but stigly deformed schist (Fig. 3.3B). Together these vein sets
define the primary ore zone. Below this, like SAAB, the remainder of the drill hole contains
coherent, strongly foliated, and locally folded carbonaceous schist.

3.1.3 SA20417

Drill hole SA20417 is located ~20 m to the north of SAA29, with a similar dip and
azimuth of 7¢/ 310 with a total length of 61.6 m (Fig. 3.1Table3.1). The upper portion of
this drill hole contains a longer interval of overburden and saprolite material extending to a depth
of ~8 m, with moderate to weakly oxidized bedrock extending to a depth of ~27.5 m. Consistent
with the other logged holes, this uppaerval contains several narrow faults with sharp planar
contacts at ~28 m and 34 m depths. Sinyl the upper portion of the drill hole (<33 m) is
dominated by foliated shist with lesser milky white quartz pods and boudins. The first
mineralized, banded shear vein occurs at ~35 m depth, forming a 15 cm vein within a broader
interval of carbonaceowsshist. After ~3 m of the schist a larger (~1 m) mottled and banded vein
occurs. This vein contains arsenopyrite, galena, pyrite, and sphalerite in irregular aggregates, and
displays a gradational lower contact with increasing intensity of brecciatidindeiato an ~1 m
zone of gouge and breccia. Brecciated quartz clasts display a wide range of clast sizes-from mm
scale fragments to larger (12D cm) sized clasts. Elevated modal sulfide content is spatially
coincident with the larger vein fragments and/or more coherent, preserved veins (Fig. 3.3C). This
zone continues to a depth of ~42 m where gradational brecciation intensity and gouge content
varies gradually towards an ~1 m interval of wakserved banded quartz vein with a planar,
parallel contact wh the schist below at 44.4 m (Fig. 3.3C). Several more, smallét%1€m)
veins occur at depths of 45 m, 50 m, and 56 m. These predominately consist of coarse milky
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white quartz, are weakly mottled, but only contain minor (<1%) pyrite. The last ~3 m of this drill
core displays more variable foliation orientations that define asymmetric to isoclinal folds
affecting carbonaceous schist with quartz pods and bo(fims3.4)

SA19-224 40.5m

Figure 3.4Photographs of samples obtained from the logged drill core. (A) Photographdihg
observed within the primary ore zone of the San Albino vein set, with texture variably defined by
carbonaceous stylolilike seams, wall rock selvages, and gray to clear quartz.-224%t 40.5m. (B)
Well-developed compositional layering in thehist unit delineating crscale asymmetric folds and an
associated axial planar cleavage (SAP4, 47.3 m47.5 m). (C) Mylonitic textures occurring in the
immediate footwall to the San Albino vein set in drill hole SAAT at 47.1 m.

3.1.4 GeochemicalObservations

The drill holes discussed above are representative of the San Albino deposit, covering
approximately 50 m of alongtrike variation in the primary ore zone of the San Albino Main Pit.
Detailed logging reveals the vein set is defined by arb+2 zone containing gold grades of
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1i 10+ g/t (Fig. 3.1). Gold concentrations are spatially correlated with elevated silver
concentrations. No silver dominant minerals were observed, and it is likely to occur with gold as
an amalgam (i.e. electrumyVhere vein density is high, relatively constant, elevated gold and
silver concentrations are observed (Fig. 3.1), although whererédaéd deformation occurs in
proximity to the vein sets (e.g., major gouge and breccia zones) precious metal cbhogsentra

are disrupted. In the near surfacetjors of the drill holes, anomalous silver concentrations are
documented (Fig. 3.1A, C), despite a lack of observable vein sets, perhaps reflecting silver
mobility within the saprolite layer. Elevated lead concentrations (e.d1.0.Wt.%) coincide

with anomalous gold and silver content, while zinc concentrations are more erratic, and do not
necessarily coincide with precious metal content. Similarly, arsenic values display up to weight
percent values in the highegtade, veirhoged intervals but alsoigplay anomalous values

(>200 ppm) in broader (5+ m) domains in spatial association with logged, narrow fault zones.

3.2 Field Observations andStereographic Analysis

The lithological makeup of the San Albino mine is relatively simple, consisting primarily
of a carbonaceous schist that is host to younger mineralized-gadotmatesulfide vein sets,
while both are crossut by andesite dikes. In contrast, structungosed within the San Albino
Main Pit is complex, including early shear, ductile deformation, and mineralization, followed by
several generations of brittle deformation that resulted in-falated folding of the relatively
weak carbonaceous schist unifts. unravel this complexity, outcregrale observations were
used to guide statistical analysis of the observed structural orientations. A total of 1716 structural
measurements were taken throughout the San Albino deposit (Figs. 3.5 and 3.6). Below, these
data along with the corresponding field observations are summarized based on the relative timing

relationships observed and/or structure type.

3.2.1 Early Structure and Foliation Data

As described above the Nueva Segovia schist (NSS), which is the host for mineralized
San Albino and related vein sets, consists primarily of a carbonaceous schist with lesser
psammite to phyllite units. Characteristically, the NSS contains abundant nhiitey quartz
pods and boudins (see section 3.1), which are interpreted as early formed quartz veins that

experienced deformation (df Lipson et al., 2024), resulting in their dismemberment.
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Foliation Mineralized

269/72
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E e N=524 F g' N = 236

Figure 3.5Stereoplots of structural data from the San Albino Main Pit. (A) Foliation data yielding an
average orientation of 178/27. Deviations from this orientation are common, with kamb density contours
highlighting subordinate clusters and more variable strikedgm (B) Quartz vein data showing an
eigenvector maximum of 223/31, with a subordinate population of shallowty NNE- dipping
measurements(C) Poles to planes for measured dike sets. The dikes are dominantly subvertical with an
average tsike and dip defined by an eigenvector maxima of 269/72. (D) Fold axis data with kamb density
contours showing that fold axes are, overall, shallowly plunging to the NW or SSE and an eigenvector
maxi ma of 08Y164. (E) Pol eaursforomegsired faeltsurfacest (R) k a mb
Stereoplot of slickenline orientations. Slickenlines are predominately shallowly plunging to the SW or
NE, with a subordinate group that are moderately plunging to the NW. Note all plots araregyal
lower-hemispheg projections displaying poles to planes for planar data with plunge and trend plotted for
linear data.
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Foliation fuzzy 3387357~ Foliation girdle
analysis analysis "9 219

E
Figure 3.6Statistical clustering of orientation data. (A) Fuzhyster analysis (k=5) of foliation data that
yields four dominant orientations. Great circles are labeled with the strike and dip that match the
maximum eigenvectors for each statistical group. (B) Girdle cluster analysis (k=2) of foliation data with
eigmvector minima showing orientations of 19Y319 an
Girdle cluster analysis (k=3) of foliation data wi
16Y223, representing f ol d Igdetnsdgirdleapreads.dD)Giels pond t o
cluster analysis of SA vein orientations (k=2), with resultant girdlefiisstielding calculated fold axes
of 19Y015 and 32Y294. (E) Fuzzy clustering (k=2)
eigenvecto maxi ma of 08Y316 and 21Y191. (F) Axis clust
yielding four distinct orientations with eigenvector maxima of 194/41 (blue, Cluster 1), 201/89 (yellow,
Cluster 2), 275/41 (pink, Cluster 3), and 060/39 (green, Cldst&tote all plots are equalea, lower
hemisphere projections displaying poles to planes for planar data with plunge and trend plotted for linear
data.
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Along bench exposures throughout the mine, isoclinal folds are commonly observed,
particularly where compositional layering and/or where folded quartz pods and boudins provide
sufficient reference markershese early structural features are described by Lipson et al. (2024),
based on the preservation of structural fabrics with relative-crgiag relationships. In part,
this includes two recognized fabrics €hd S) that are interpreted to represent-pre
mineralization features, being best recognized whergoElinal folds are preserved (Fig. 3.7).
Recognition of Efolds can be ifficult in weathered, saprolitdominatecexposures or where
insufficient planar markers occur. Furthermore, the dominant fabric at San Alkimn®, S
subparallel to theSabrics and/or it has been transposed into parallelism. Thus, in this study, the
pervasive penetrative fabric that dominates the area is simply referred to as foliation and no
significant subdivisions are explored.

Foliation measurements (n = 354) display a large spread of orientations, with a calculated
mean planar orientation of 178/27, while the peak in Kamb density contouring corresponds to an
average orientation of 194/41 (Fig. 3.5A), which is more robust ghetarge spread in
observed foliation orientations. Regardless, foliation within San Albino is relatively constant,
dipping moderately to the west with a SSivike (Fig. 3.5B). Deviations from this average
trend are commonly observed within the hingeexoof early isoclinal folds and/or in zones of
complex, multistage faulting, with the latter being discussed in more detail below (see Section
3.2.4). Despite this complexity, five distinct foliation orientations are identified from statistical
analysis 6the foliation data (Fig. 3.6A). The dominant orientation (red cluster) corresponds to
an average foliation orientation of 207/32, while the subordinate results include shallowly to
moderately SW NE-, and SEdipping groups (purple, blue, and orange @Ets respectively),
and asubset yielda subvertical orientation with a SSEending strike (green cluster). These
orientations are likely to reflect the limbs of local and/or widespread folds within the schist.
Thus, girdle clustering of these data was conducted to derive predicted fold sc@®sparison
to field observations. Two girdle cluster calculations were performed, one with two parameters
(k = 2; Fig. 3.6B) and one with three parameters (k = 3; Fig. 3.6C). Thpdvameter clustering
yields testfit fold axes of 1¥ 319 and 1¥ 200, while the thre@arameter girdle clustering
yields fold axes of 06 007, 2% 315, and 18 223.
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Figure 3.7Early structure and ductile deformation in the San Albino Main Pit. (A) Tight to isoclinal, NE
vergent, asymmetric folds in schist. Srrsthle recumbent, isoclinal folds of quartz pods, as seen in the

red box insert, show similar vergence. The inset gpo¢ displays poles to measured fold limbs (grey
circles) along with the orientation of axial planar cleavage (green great circles) and fold hinges (green
triangles). The mean fold hinge plungem®d22Y135.
asymmetric quartz pods within the Nueva Segovia Schist indicating sinistral kinematias &Glithetic

shear fold in mylonitic rocks adjacent to the San Albino vein set indicating NW over SE kinematics.
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While much of theaforementionedolding at San Albino is related to faulting (Section
3.2.4), wvariably open to tight folds, sometim
are found throughout the pit distal to major faults (i.e. Fig 3.7A, 3.8). Such folds affect both the
schig and mineralized veins, with the former displaying greater degrees of deformation.

These larger amplitude, gentle folds show similar orientations to measured axes of smaller,

tighter folds, many of which are spatially associated with faults and are generally defined by two
different orientations: shallow NW plunging fold axes (blue papuli on, maxi mum of O
and shallow, S to SW plunging fold axes (gree
These calculated maxima from measured fold axes show a somewhat strong correlation to the

two-parameter calculated girdle analysis foldsaxeFigure 3.6B.

% |ocationof

2 IR W 2By IR I LTS b e =g
Figure 3.8Photographs of mineralized vein sets in the San Albino Main Pit. (A) Typical cross section
view of moderately dipping San Albirguartz vein set, with forms 2 m thick zone. (B) Photo of the
San Albino vein set locally crossutting foliation and pinching out. (C) Subvertical fault croagting the
San Albino vein set with associated folding. Note location of Figure 3.10F located in the background of
the photo. (D) Long section view of metsrale fold and localized brecciati of the San Albino vein set.
Foliation is chaotic and is locally brecciated. Fold hinge of vein plunges to the NW.
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3.2.2 Mineralized Vein Sets

Exposures of the San Albino vein set in the open pit display similar features as seen in
drill core (Figs. 3.2 and 3.3) but allow better observation of spatial variation and structural
modification. The vein sets vary in thickness from >2 m to <2 cm, witkt being no thicker
than 1m. Overall, these form planar to tabular vein sets (Fig. 3.8A), althatghstale pinch
and swell geometries are common along strike (Fig. 3.8B). The vein sets are typically comprised
of two or threedominant veins and, depg&ing on the amount of gouge and/or wall rock
separating them, may form zones >5 m in thickness.

Vein textures are also consistent with drill core observatidosimonly the majority,
by volume, of the veins is comprised of massive, milky quartz with little to no sadfide
carbonaceous banding, though these domains can contain appreciable amounts of carbonate as
scattered, anhedral to euhedral masses. The remaining volume of the veins, largely near their
margins, displays a banded texture, defined by wall rock sepbamnzaeous seams, layer
parallel aggregates of sulfides, and/or thin bands dfedaray quartz. The banded veins also
contain aligned domains comprised of wike aggregates of sulfides that form overgrowths on
the coarseyrained, milky white quartz domains. Intergrowths of pyrite, arsenopyrite, and/or
sphalerite are common. Galeisdocally abundant forming large (>5 cm) subhedral aggregates.
The sulfides are typically oxidized to some extent forming cavities filled with dark green or
orange, earthy and poorly crystalline material, which is interpreted as secondary pyromorphite,
swrodite, goethite, and/or jarosite.

The mineralized quartz veins have a similar orientation to adjacent schistose units (Figs.
3.3 and 3.5A,B), though it is not uncommon to observe the veinsantdsyy foliation at a low
to moderate angle (Fig. 3.8B) or to see the foliation being transposed into parallelism with the
vein margins. Where the contact between the mineralized vein sets and schistose wall rock are
unaffected by faulting, a coherent Istitongly sheared margin is observed (Fig. 3.8A). The veins
show an undulatory geometry at tinescale both along strike and dip, which is reflected by the
spread of poles to planes in the orientation data (Fig. 3.5B). Local zones of chaotic folding,
abundant gouge and breccia material, and discontinuous foliation are commonly found proximal
(<2 m)to the vein sets (Fig. 3.8D). Locally, these zones display elevated quartz content relative

to the host schist more distal to the veins, reflecting local silica flooding. The veins themselves
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are variably faulted and folded (see Section 3.2.4), though typically to a lesser extent than the
host schist, likely due to the differing rheological properties of these units.

In total, 609 planar measurements on mineralized quartz vein margins or internal banding
were taken within open pit exposures at the San Albino mine (Fig. 3.5B). The vein orientations
display a tight grouping compared to other structures, with polesrietdustering in the SE
guadrant, and an eigenvector maximum that corresponds to a great circle oriented 223/31.
However, the data is not uniformly distributed. Deviations from the maximum are defined by a
spread of poles to planes with subvertical totemys plunges, forming a weakly developed
WNW-ESE spread in the data. Girdle clustering of these data defines two identifiable trends
defined by N and WNWtrending bestit great circles (Fig. 3.6B). The WNWending bestit
gridle corresponds to a pretid fold axis of 19 015, which best explains the observed data
spread. In contrast, the-tkending girdles weaklydeveloped, with a corresponding fold axis of
32Y 294.

3.2.3 Intermediate Dikes

The mineralized vein set and foliated schist at San Albino are dntdyynediate
composition dikes (Fig. 3.9). The dikes are typically oriented at a high angle to both, with
deviations from this orientation typically occurring where-l#i¢ protrusions from the primary
dike parallel the local foliation and/or lithologlantacts. In all cases, the dike margins display
sharp contacts with the host schist, commonly displaying a weakly developed chilled margin.
The dikes form parallel sets throughout the Main Pit spaced at ~100 m, and range in size from
several centimetemside to >2 m in width. Several of the major dike sets can be traced for 100s
of meters along strike, extending across the entirety of the open pit. Overall, the dikes are steeply
N-dipping (265/72; Fig. 3.5C), with deviations from this orientation comeding to
measurement of sillke extensions. The dikes display a figained aphanitic groundmass with
mm-scale phenocrysts of amphibole, feldspar, and/or quartz. The dikes themselves are often
crosscut by faults, with apparent relative offsets indiegtnormal displacement (Figs. 3.9A and
3.10E). The dikes are generally massive and coherent, displaying little evidence for internal

deformation, except for hosting loesdale fractures and brittle faults
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Figure 3.9Photographs of sampled dikes in the San Albino Main Pit. (A) A dike-cugsisg the San
Albino vein set, which is itself cut by later, conjugate normal faults. The location of sample GC1 is
indicated. (B) Typical view of a dike distal to the San Albino zone showing a sharp contact and
characteristic massive, firgrained texttes. See Figure 2(p. 16)and Table3.2 (p. 43) for sample
locations and further details.

3.2.4 Faults and Related Structure

Abundant faulting is observed throughout the San Albino Main Pit. All observed faulting
is younger than the penetrative foliation and mineralized veins (Fig. 3.10), with only normal
faulting affecting the dike sets. Fault planes range fronscate featurgthat cannot be traced
for more than a few meterstowelle vel oped faults that can be de
of meters along strike or their down dip extensions. Some faults display a planar morphology,
but most are curviplanar and/or corruggtdisplaying variable strikes and slgver relatively
short length scales. In part, these types of variable geometries can explain some of the observed
scatter in the fault data (Figs. 3.5E). The larger, opescpaie faults are commonly accompanied
by higherorder, smakscale faults. Whilenany faults display discrete, polished surfaces, a large
proportion are defined by more diffuse zones containing abundant gouge material, which in the

oxide zone, often displays a rbdown color due to an abundarmferon oxides.
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