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ABSTRACT

Clastic-dominated deposits are an important source of Zn, Pb, and Ag worldwide. While it is widely
accepted that the hydrothermal alteration halos around these deposits can be laterally extensive, the
mineralogical and geochemical signature of the distal alteration footprint is currently not well understood.
This severely limits green eld exploration for this deposit type. The Ursa project in the Selwyn Basin, of
the Yukon Territory of Canada, is a Zn-Pb-Ag prospect located 60 km north of the famous Macmillan Pass
district. Extensive Zn and Ag anomalies in soil- and silts occur across the property which could indicate
the presence of an undiscovered deposit. The present study aimed to understand stratigraphic control on
the location of the prospect and to determine the distal alteration signatures of the Ursa prospect. The
research involved detailed eldwork across Ursa to map its stratigraphic setting and to determine the
chemostratigraphic characteristics of favorable units through whole-rock geochemical analysis. It is
demonstrated that the weakly altered sedimentary rocks at Ursa are stratigraphically equivalent to the
host rocks of the Macmillan and Howards Pass districts. Optical microscopy, scanning electron microscopy,
and the analysis of sulfur isotopes of pyrite, sphalerite and other sulfur-bearing minerals have been used to
systematically evaluate the textural, mineralogical, and isotopic characteristics of the weakly altered,
reduced, calcareous, and barite-bearing sedimentary units hosting the Ursa prospect. The most widespread
and conspicuous hydrothermal phases include pyrite, sphalerite, and pyrite replacing earlier barite. The
weakly altered rocks contain siderite and witherite. The results of this study provide new guidelines on
how the distal signature of clastic-dominated deposits in the Selwyn Basin can be identi ed and used as

potential vectors to mineralization.
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CHAPTER 1
INTRODUCTION

1.1 Purpose and Objectives

The Ursa base-metal project in east-central Yukon is located near several world-class clastic-dominated
(CD) deposits within the Selwyn Basin. The Macmillan Pass CD Zn-Pb-Ag district is situated only 60 km
to the south. About 25 km east, the size and grade of intrusion-related gold systems are being rede ned by
the recently discovered Valley deposit. The Ursa project covers two distinct trends of Zn-Ag and Au
anomalies within a succession of Cambrian-Devonian sedimentary rocks that are correlative with the host
rocks of the Howards Pass and the previously mentioned Macmillan Pass deposits. Zinc and Ag anomalies
reaching several percent and nearly an ounce per ton, respectively, in soil and silts consistently stretch a
distance as far as 14 km. Although only weakly mineralized successions have been found at the time of
writing (Snowline Gold, 2023), its similar stratigraphy to large Zn-Pb districts in the Selwyn Basin holds
promise that Ursa may host an undiscovered deposit.

This study aims to delineate the distal hydrothermal footprints of CD Zn-Pb-Ag systems. While it is
recognized that the mineralizing uids can migrate 10s of kilometers laterally and produce extensive
alteration halos along favorable stratigraphic units in these deposits (Leach et al., 2005), this study focuses
on de ning the potential 'distal' hydrothermal signature of these deposits. The objectives can be
summarized as identifying geochemical and mineralogical signatures that are associated with CD systems
and examining the stratigraphic control on zones showing weak hydrothermal signals.

To accomplish the research goals, Ursa has been utilized as a site for studying stratigraphic control on
base-metal mineralization. A combination of geological mapping, rock sampling, and laboratory methods
has been used to contextualize the general expressions of a distal CD setting and how it may vary laterally
and by stratigraphic position. This study also utilized chemostratigraphy, optical- and scanning electron
microscopy as well as isotopic analysis of various sulfur-bearing phases to understand the distal
hydrothermal signature of a CD system. Much attention has been directed towards pyrite owing to its
widespread occurrence and textural variability that can be related to the paragenetic history. The
outcomes of this research have important implications to mineral exploration, in particular within the
Selwyn Basin. Such a framework may be employed in early-stage projects to examine the existence of a
hydrothermal system, to narrow down stratigraphic units of interest, and for vectoring capabilities at the

district to deposit scales.



CHAPTER 2
GEOLOGY

This chapter provides an overview of the geological framework of the Ursa project. The rst part
discusses the geology of the Selwyn Basin, which includes tectonic setting and history of sedimentation.

The second part discusses the geology of the project-area in detail.
2.1 Regional Geology

Located in western North America, the Selwyn Basin (Figure 2.1) is an elongated sedimentary basin
de ned by a slope-to-basin sedimentary record stretching from the Neoproterozoic to the Middle Devonian.
It extends from British Columbia, across the Yukon and parts of Northwestern Territories into Alaska
(Goodfellow, 2007). The current structural elements of the basin have their origins in convergent tectonics
during the Jurassic-Cretaceous, leading to thin-skinned deformation, folding and thrusting of the basinal
strata, and most recently Cretaceous-Tertiary dextral transcurrent faulting (Mair et al., 2006). The Selwyn
Basin is a large metallogenic province and home to some of the world's most signi cant undeveloped CD
Zn-Pb deposits (Gadd et al., 2016). The Anvil, Howards Pass, and Macmillan Pass districts together host
twelve major deposits, including past producers such as Faro, Vangorda, and Grum. Additionally,
Mississippi Valley-type deposits occur in the adjacent Mackenzie and Macdonald carbonate platforms
(Goodfellow, 2007).

As the Northern Cordilleran started to rift in the late Precambrian, the rst rocks of the Selwyn Basin
were deposited in its southwestern corner. These accumulated on top of a regionally extensive preexisting
thick and immature basinal succession (Eisbacher, 1981). Precambrian to lower Cambrian turbiditic
guartzose and shale rift clastic rocks making out the top of this older sedimentary basin are the oldest
exposed rocks within the Selwyn Basin (Gordey and Anderson, 1993; Moynihan, 2016). While o -shelf
deep-water clastic rocks were being deposited in the Selwyn Basin (Gabrielse et al., 1973), shallow-water
carbonate rocks were deposited at the Mackenzie Platform to the northeast (Lenz, 1972). The transitional
region between the two facies belts is characterized by a combination of basin and platform strata (Cecile

et al., 1982).



Figure 2.1 Regional geological features and major terranes of the Northern Cordilleran in Yukon Territory,
Canada. The Ursa project is located at the red triangle. Signi cant Zn-Pb districts are displayed as yellow
triangles (MP: Macmillan Pass, HP: Howards Pass: Anvil: Anvil district). Modi ed from Mair et al.

(2006) which in turn is a modi cation from Gabrielse and Yorath (1991).

Carbonates and clastic rocks of the Road River Group were deposited in the Selwyn Basin between the
Cambrian to Middle Devonian and represent slope-to-basin facies (Fritz, 1997). Much confusion surrounds
the classi cation of this unit. Originally a formation, it was observed by Gabrielse et al. (1973) to cover
greater lateral extents. Finally, Fritz (1985) recommended elevating it to group status after correlating it
over 1000 km across the basin. It overlies a variety of Cambrian-Ordovician formations (Fritz, 1985;
Gordey and Anderson, 1993). Its usefulness as a group has been questioned by Cecile (2000) and has as
recently as Strauss et al. (2022) been further formalized. From the late Silurian to the Middle Devonian,
the carbonate-clastic Cassiar Platform developed on the southwestern anks of the Selwyn Basin
(Gabrielse, 1967; Gordey and Anderson, 1993). During the Late Devonian to the Early Mississippian,
coarse clastic rocks were deposited in the northern and western parts of the Cordillera (Gabrielse, 1967).
Uplift of northern Yukon followed compression during the Ellesmerian orogeny, which also produced
granitic intrusions (Bell, 1973). The Middle Mississippian to the Middle Jurassic saw a return to marine
shelf sedimentation, with turbiditic successions belonging to the Earn Group depositing between the lower
Devonian to the Middle Mississippian. The Earn Group is characterized by chert, conglomerates,
sandstones, and shales. Fine clastic sediments were deposited across the Mackenzie Platform in the east
during transgressive phases, while coarser deposits settled in the western area (Gordey and Anderson,

1993).



Figure 2.2 Location of the Ursa project, the Macmillan Pass- and Howards Pass Zn-Pb-Ag districts in the
Yukon, Canada, plotted together with map areas discussed or mentioned in this chapter. Modi ed from
Cecile (2000).

Sedimentation of the continental margin came to a halt during the Mesozoic. The arc-ocean collision
taking place in the Late Triassic to Early Jurassic matured over time into an arc-continent collisional
margin in the Late Jurassic. Ultimately, the conclusion being the closing of the ocean (Tempelman-Kluit,
1979). Open to tight folding, axial planar slaty cleavage, and closely spaced thrusts and resultant
imbrication characterizes the Selwyn Basin since Early Cretaceous convergent deformation (Campbell et
al.,, 1991). The regional metamorphic grade varies from sub-greenschist (Goodfellow, 2007) to lower-middle
greenschist (Mair et al., 2006). Following orogenesis, an orogen-parallel, dextral strike-slip fault system
developed in the late Early Cretaceous. These formed in a transpressional environment, via the interaction
between a Paci ¢ oceanic plate and North America, with corresponding thickening of the crust within
fold-thrust belts and faulting. Such fault structures were utilized by large-scale granitic plutonism taking
place within the Omineca belt (Gabrielse et al., 2006). At this point, major structures such as the Tintina
Fault were active (Gabrielse, 1985), possibly up to the Oligocene. Within the Yukon, the fault acts as a
boundary between the Selwyn Basin itself and the pericratonic rocks of the Yukon-Tanana Terrane to the

southwest (Mair et al., 2006).



2.2 Project Geology

2.2.1 Overview

The Ursa prospect (Figure 2.3) is located in the central-eastern Selwyn Basin, Yukon Territory,
Canada, close to the border to the Northwest Territories (Figure 2.2). It is an early-stage base metal
project north of Macmillan Pass and east of the recently discovered Valley gold deposit. The property
covers two trends, namely, a westernmost one of substantial Zn-Ag mineralization in soil and silts along
Cambrian-Devonian sedimentary rocks equivalent to those found at the Howards Pass and Macmillan Pass
Zn-Pb-Ag districts (see Figure 2.7 on page 11); and a separate Au trend occupying the eastern edge of the
property. Zinc can be several percent high in soil and silt samples, while Ag may reach up to half an ounce
per ton. The two metals are not necessarily associated with each other, which leads to the question of what
controls their distribution. While only weakly mineralized successions have been found at the property so

far, it may host an undiscovered deposit (Snowline Gold, 2023).



Figure 2.3 Map of the Ursa project area displaying relevant geological features and base metal anomalies.
The stereonet depicts bedding measurements as poles to the planes, as well as the great circles de ning the
average limb orientations of the antiformal fold closure of the Elmer Creek Synclinorium.
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