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Introduction

A shortreconnaisancefield programwas carried ouarounda mappeduya volcanic centefrom
October 2427, 2021 by Alaska Earth Sciences, Inc. (AES), and Logic Geophgsstsvey wasn
behalf of Bristol Bay Native Corporation (BBN@Y located northeasif the villages of Twin Hills and
Togiakjn southwestAlaskaThe goal of this survey was poospect and identifpotential heat
signaturesor geochemical alteration resulting frogeothermal activityIf significant, sucla source
could be used to generawectricityfor nearby villagesThefield crew was baseth Dillingham Alaska
and used a Beflo6 Londranger from Egli Air Haul, landfor transportationandfor part ofthe various
surveysThe followings a summary of thddld activities and results from thigeld program.

Property Description and Location

Thetuyafeatureislocatedon Twin Hills Native Corporation surface and BBNC subsugade
approximately 10 milerortheastof the village of Togialé Milesnortheastof the village of TwirHills,

and 60 miles to thevest of Dillinghamn southwestAlaskaThe mairarea of investigation coverad
approximately30 square milet extent The area covereduring field effortswasincreased byising a
hand-held Forward Looking InfraRed (FLURIt taking photographs outf the LongRanger and surveying
10miles of the TwirHills River adjacent to thielya deposit
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Figurel: Showing location of Togiatuya in relation to nearby Villages and Cities.

A laska Earth Sciences, Inc . BBNC 0 Togiak, Tuya 202 2

4




Figure 2 Left: View looking Northeast on North end tafya. Right: Example dbpography
on top of tuya.

Thetuya itselfis relativelyisolatedfrom other high pointsand A G & F G | LiLInBbeesedl G St & wmn
f SGSt YR ynnQ 02@0S (i KsBpaatdaNa\buaisiRsieyher sidefofithié Togiaks t | Y R
WABSNI I YR AGQa Théatdyai©rbughly®wl sfapedn2ofmpakdes-an gpdroximades

square milearea, is semi flat on the top and flanked by roug@®0-degreeslopes to theadjacent

valley floor.The rest of the main prospecting area is flat tundra with occasional minor streanisrand

swamps.

Geology

Regional

Southwest Alaska sits between the Yuk¢oyukuk province to the north, and the Alaska Penninsula to
the south. With the exception of the ruggesbuthwestern Alaska Range and Ahlum Mountatine,region
consists largely of low rolling hills. The oldest @k the region are metamorphic rocks with Early
Proterozoic protolith ages that occur as isolated exposures in the central Kuskokwim Mountains, and in
fault contact with Mesozoic accretionary rocks of the Bristol Bay re§imtambrian metamorphic rocks

are also seen in thBorthern Kuskokwim Mountains and are a depositional basement for Paleozoic shelf
deposits. A nearly continuous sequence of Paleozoic continental margin rocks underlies much of the
southwestern Alaska Range ahbrthern Kuskokwim Mountas. The most extensive unit in southwest
Alaska is the predominantly Upper Cretaceous Kuskokwim Group, which, in large part, rests
unconformably on older rocks of the region. Volcanic rocks of Mesozoic age are common in the Bristol
Bay region, and volcanand plutonic rocks of latest Cretaceous and earliest Tertiary agdsm@mmon
throughout southwest Alaskd.here are two major faults that trendortheasterly in Southwest Alaska,

the DenaliFarewell fault system in the South, and the IditafdickonFork fault in the North.

The rocks of Southwest Alaska can be grouped into three assemblages

1. The predominantly Paleozoic continental margin rocks ofdha@hwestern Alaska Range and
northern Kuskokwim Mountains.

2. The predominantly Mesozoic accretionancks of thenorthern Bristol Bay region.

3. The postaccretionary Clastic sedimentary rocks and mainlyaiedtine volcanic and plutonic
rocks that tie together the other two assemblages.
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Local

The Togiak Basalt is a Quaternary formation which undenliegea of roughly 175 square miles in the
lower part of the Togiak River vallfyigure3). Most of the formation is preserved in a graben between
northeasttrending faults the Togiak Fault to the east and an unnamed inferred fault to the \Wast.
Faulton the western flank runs roughly parallel with the course of the Togiak.RitieWesternfault is
inferred from the observation that the course of the Togiak River is aligned witsotitheast side of
Hagemeister Island, southeastfacing fault scargHoare, J.M. and Coonrad, W.L. 18the

distribution of the flowsand their geologic setting suggest that they probably erupted from vents
localized along the faults and were later displaced by the faults. Most of the vents have since been
destroyed by faciation or buried by glacial deposits. Thegiak Basalt formation consists of tholeiite
and alkalolivine basalt flows and a prominent volcanic byt¢uya formed by a subglacial basaltic
eruption.

Unconsolidated surficial deposits, undivided
Water

Qv Youngest volcanic rocks

Thi  Hypabyssal intrusions

Kmvi Mafic to intenm ediate volcano-plutonic complexes
TKg Felsic granitic rocks

Kqcs Quartz-carbonate sandstone and pebbly mudstone
KTrvs Volcanic and sedimentary rocks of southwest Alaska
Jvs  Marine volcaniclastic and arkosic sandstone

JTrvs Coarse volcaniclastic sedimentary rocks

Newenham ophiolite complex

Figure 3 Local Geology near the Togiakkya showing the Togiak Basalt and flanking NE
trending faultsin the Togiak River Valley.
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The lower part of the Togiak Basalt corsidtthe undeformed subaerial tholeiite and alkalivine

basalt flows which are characteed by welldeveloped columnar jointing and generally 3 @niin
thickness The flows consist of labradorite, augite, olivine, and accessory magnetite. Most of the flows
are grey, mediurgrained,and nonporphyritic Some flows arblack,dense andfine-grained with small
olivine phenocrystsThe finegrained darker flows alsoontaininterstitial glass.

The upper part of théormation forms an unusual and prominent butte. The shdpcation,
composition and structure indicate a subglacial volcanotuya. The shape of thiya is elongated
northeastward, parallel to the regional structure and the flowgtHcial ice. Theuya consist of olivine
basalt in the form of glassy tuff, firgrained subaerial flows, and pillow basalt. The structure of tifie tu
points to it being erupted from two separate condm®th near thenortheast end of theuya. The
majority of thetuya is covered by about 48D meters of black fingrained subaerial flows it overlie
the tuff and pillow basalt.

Desktop Study

Two satelliteorthoLJK 2 G 2 Q& 2 fhyapprdfedt aréa@efelobtdined by AES throu@kTerra.
These photos were studied B\ES geologistSonnor Taylor and Andy Angeling ArcGIS software
The photos were usetb identify and plotareas of geologic signifince streams and lakef®r

water samples, prioriesfor UAV thermal imagindlight paths for FLIR thermal photography recon,
andprioritiesto conduct onthe-ground geologic investigation and rock sampling.

Additionally lineamentswere identified thatmay beof potential geologic significance as well as
many target areas for both drone and helicopter supported thermal image su(t#eysre 4) These
lineaments could be faults, lithaodiccontacts, and or areas where geothermal fluids or gaseetd
escapeMethods used to identify othetargetareas included identifying major drainageithe
tuyaarea properApparent changesiivegetationfoliageor abundancepresenceof animal tracks
around bodies of water in the snofindicatingabove freeing water temperaturg and coloration
changes rock outcroppingere noted A color anomaly potentially containidydrothermal
alteration was also identified and became the highest priority area fetherground geologic
investigation TwoUAYV priorityareas were identifiedThe area surveyed by the UAV would be
confirmed following initial work on the ground
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Initial Desktop Study

Lineaments

o Potential Targets

Figure 4 Desktop Study showing identified lineaments and potential targets for surveys.
One of two purchased high resolution satellite orthoimages shown here.

Study of the satellite images helped pldre FLIR survey, water sampling, andtba-ground
geologic reonnaissanceTheAES geologigtlanned 28 separate flight paths over areas of interest
totaling 53 miles in length within a 10 Aareasurrounding the Togiatuyafeature. Also within this
area 19 streams, drainages, or lakes were chosen as water s&uoat®ns to analyze elemental
compositionwhich would later be correlated with geothermal potentisWater sample locations
were chosenfrom unique drainages withif-3 miles of thetuya, with the goal beingf samplingall
uniquewater sourcesThese loations were picked while keeping in mind thaaify hot spots were
identified duringthe FLIR survewater sample locations would change to include thdwelverock
sample locations were picked to give coverage oftthe. Rock sample locations were chosen
based on apparent availability of outcrop or subcrafth more densely packed locations chosen in
the area where the color anomaly was identified.
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Field Aavities and Methods

MobilizationandFLIR Thermal Imaging Helicopter Survey

The first objective of théield activities was the FLIR thermal imagsugvey A FLIR Model-I020
with 1024 x 768 ResolutioB0Hz anditted with a 28° lensvas used to condudhe first of the two
thermal imaging survey&ach photo taken by the camera producd3@Bimage, as well as a
thermal imagewith a captured temperature range e40 to 150°C and an accuracy of+2°C.The
camera also geotags each photogragghthat the photo locations can be plotted on a map
following the surveyThe goal of the FLIR survey was to photograph each flighuligeand not
leave any gaps of unphotographed segmegtschphotographwasinspected ashey were taken,
and if any hot spots were detected,waypoint would bereatedon ahandheld GP3ultiple flight
elevatonso Mmn nn QX w™p n addair speads(408ph, Sanmpbm, 60phyere planned to be
assessed for quality of photograph, overlap, and ability for the FLIR camera to quickly focus
between photosTheAES geologistnd pilot used a paper map and handheld G&8avigate each
survey line.

TheAES geologistrrivedin Dillingham on the 28 andprepared tomobilizeto the field on the

morning of the 2%. The helicopter left Kin§almonat first light and arrived in Dillingham at

approximately D:00am. Thegeologistwas transported via helicopter to the Togiakyadeposit

following refueling. Upon arrival in the field area, the helicopter landed ortalafor door
removal,allowingthe camera to take images without heat reflectionfrom the helicopter
window. After testingfor flight elevation and speed options theecision was made for the survey to
beflownat40p n YLIK G |y SéabS@thdighoBngd 2 K Sm LCH b RlenOrhedrS NI Q& H
0KS I NBI O2@SNBR 6KSY [AYAYy3d (KSQDI KESehr$ NI Wi KS
was often aimed at an angle due to difficulty of following directly above meandering streams and
drainages Shooting obliquely created more coverage in each imale survey was briefly paused

so the helicopter could refuel atthe ¢ A y | A f, &n@ nisHedatdound gk, LJ
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Water Sampling

Directly following the completion of the FLIR thermal imaging sywater sampling was initiated
The goal was to colledata from agnanystreams, drainages and stagnant bodies of water
possiblewithin close proximity (up to 5 mi) to the Togiakya The concept was to look for chemical
makeup consistent with hospringwaters The data colle@d at each sample siiacludeda GPS
waypoint, temperature and conductivity tfie water. A250ml of watersample wasent to SGS
Laboratoriesalong withrelevant noteqTable 1) Watertemperature data would be collectetd
detect any inconsistencies with the average water temperature, as well as to help differentiate
spring type if geothermally heated springs were identifie@ld pH was recorded to determine
changes to sample chemigtbetween field and lab, as well as help determine the type of spring.
Conductance would bemeasured and useds an independent approximatiaf the total dissolved
solids(TDSyvithin a sampleas wells a form of quality control, as conductance recorded
microSeimens per cm is usually roughly 100 times the sum of cations or amiarbequivalents

per liter (alsoanalyzedor). The ratio of the TD@ng/L)to conductancguS/cm)is approximated
between .064.089(Rusydi Anna F2018). The water sample sent to the lab would be analyzed for
metals inwater by 200.8 ICRIS. The metals scanned for would Galcium, Magnesium,
Potassium, Silicon, and Sodium. If hot springs were identified other scans to get concentrations of
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