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I1L.NTRODUCTI ON indicated a r eesceuivwalre nma svwso
1.1. Situation of 3.458m which makes it of
On 15 June 2020 two 4.1 ! ~c~-=l maanit udae Coolgayshal -
|l ow earthquakes occurrec eac!l
other on two different . per N

teekin River wvalley just ano,
Unal aska | sl and, Al aska rth-
guakes followed as a clu s of
first and | argest 21:16: 9N mil
event (Al aska Vol cano

Al aska Earthquake Cent e t he
earthquakes occurring wi S . F
-fault mechanism deter mi eart
guakes of June and one i =yt h

author fell into four f &udlgtu €y pheusg U sTth els98 3f avuiletw toyfp
pear to correlate with 8fspdet REPHPIbdEe ot h@Irtmal ¢
were recognized by the &Githowdlifno$Thiet Nateekinf RPWe
vall ey back in 1981 throwedH 1984 .0oclaf edddiutSito ns,0 Urtea

vation of an old | andsl Ud8€& Bn the mid Nateekin Ri\V
vall ey during the ti me i ’ ' rm i
positioned at the inter s o0b s
fault types. This sugge S wa
is associated with fault rtur i
surface I f this is corrt ratio
actually shall ower than ic d
and also the epicenters i ndi
by AVO This paper pres ob -
served active faults, ol s5usp
ed magmagricwtdiskeas bei ng
this Nateekin 2020 earttF
1. Zhe Original Geologic Map Symbols
tigations -
The author identified ir e Demendotiorspraey L a |l
. &2 Caldera -””Luap location
on the flanks of MA&aRUSsahN e cuermn sriocnsvan s 2
initiated at that ti me Miocene &Pliocene Plutonics tiga
for the entire norther n [] unlskekormatontiocenetoRecentVoicanics &Mi di )opel
ti on wi t h The Al as k a Po. «  Earthquake Epicenter fora3.0 ml con
tracted Republic Geot he - Earthquake Epicenter fora 2.0 ml i nal
identi fi ed] bfyorRe(datdlelrI.l[nq:iaﬂmgéghgig}'?rz)éd geol 0gic
geot her mal wel | was i mpl e mented, whi ch "w&s | a*
bel |l eéld b§T Republic GeothpearrmtalOflncU.nall'ﬁlsiéawelr_lslland s h
was drilled during the sfl?rlﬁrlnérs’otfu{n éQIFofheld%%tﬁn%
593 m where it en-clomhhaltvgulﬂcgnl'grVe-en\}vastt'erThe A to B
. . l\? hin_ Vol canpo.
reservoir at 195 C (Flzgpgso{ anad(ufg. The wel'l h
flow test performed in ?igg%ea%'%%%ﬁ nrslngr19938t4 ‘t*h%'
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The-1S®Bite was near geotbeérmalesf Nebd nW. abd( Bi gsr &5
2) and represents the apmrddxiarhatse ai n6t.e6r sne ctt d toanl odi |
suspected active faults.baBatlh fdd Kklet swidphpeaarledm t oc &S|

signs of active faulting.i d@gnee. wliheh lmas EINEIi adodii hant !
strsilkiep motion is just sloudat ioofn tohfe tMaiksus®hi Augyas t-

l ey and it extends throuighiitclae efduinar ¢&li @gufrieeldd no.

the west. A similar parallel fault exists just nor
the Makushin Valley thaReewngrndedtacbobiugd f el tssnatl H
fumarole field no. 8 awmd WUmhalbaghka tilhsel aQdatwer eai ye
Sugarl oaf volcanic cone.l9Bbe agst Baammar geziedi ¢ antFiigut
secting "geother mal di stavérey wabpbk" afaubt!| sati kéde

54A W with a 55A dip to Cema eSWa( Pinggurwd tdh) .alThicorfreae
cuts across a more steepley adieppidmag ah a sRae ptuibcl idci k@e an

nearly the same strike.theéesdasaral ynedreaf thsi gfho rs ctalr epi
shown on a previously glAdaisktae®Pomwiedgdut Wloirchyi ¢ Stwh
the author considered it0O&8283Bg. an active fault and
sibly a prime indicator for determining a geothern
drill site. 't was | at erThcealildeedn ttihfei cGaetoitohne ronfa | a chtiiswc
We | | Fault. The actual d g¢ye ionfpotrhheandi kfeort hlaa c awaisn gc u

unknown (rock samples ofsytshe mdii ke aamrye dytn atmh &€ Alod <l
Geol ogic Mat eri al sA REB2nNt.8u ¢ h lhaybderloltehde r bhid | systems i
Again, a similar parall elhofraullti fwasumleeosgnirzadtaxt
ing into fumarole fieldkeep &uamd stylse e & gedxiilsotad 8 ecac
(Figure 2), which suggedd . aTHieb8dnat heepahtdhnhgcoy e

tur al pattern. ed on the intersection of t
cene faultappBli $ nwel lan i nc
200 Cjwia3t-dermi nat ed hydrot h
t em. My ori ginal and si mpl
|l ocation of such a | arge re
kushin caldera complex itse

ported by complete Bouguer
gi @ [ The top of the Makus
for example has a compl ete

88.6 milli-gasste Thas Sa 138
high, which i s in gener al I
gi on.

The fracturing of bedrock i
regi9onamd such crust could

reservoirs as well . This is
ty dat a. For exampl e, t he
Bouguer depression similar
caldera occurs in the wuppe
with a 109.2 milligals depr
gravity anomaly | ow extends

FigurMeel3 Geot her mal Discovemy i Welbol t Reumbunhhat nous r
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refl ect an ancient hi ghWiyt I rtalce uAleas kvao | Rcoawnei rel Acud Thdo
that could contain a majporophhpgeémdotdhed mhmalsidys taennd. tThhe
area is S 55A E of the IMa&klusaiid k%9 Hegeaolsagrinmd t mapyr
only 10 km. Shall ow seitsméecupmapreen vang micdaddlres Mat & ek
l ow gravity anothd@l yl o AYGdceda i1adBpdg.) TMThe promi nent Poi

numerous shallow crustalHomagmati o ilieatzosn@urome st haer e
al so suspected based onVolegammahaacrhbseséemal welpll i &6 5 al
east of the easternlfil amMK .o fMyMavlou khiers t \adll d srhe d[ an
t he regi en geefotthree malmT wet |l ft ShahkboWwseei Bt gure 2) as
mi c earthquake activity odndnosremasimi <t e¢eoprioygr dippyi dat
for the region ESE of dMakes hi whiVoH ceaxtdeinedketde mfadr .o m2
t hrough much of the Nat @ehkei ne arsitvefrl drmlsi of WMh&wywshnadi
cate possible shallow (Tapmpai negiBaryalonmagnBatkm 8Ea
sourl2da 8, [ which includes Trhdsst Ao ft ot hBe fNaaulete kaz onn e , cal
drainage basin. But , baded marm kext drys iewd ennsarnvehde dad
i ng 41998805 t hroughout t hel aesnka rFornnoarttihoenr nt hUanta -i s e X
|l aska I sl and, no surfactheheMat eaenkoimma | Riewse rarwea |klneoyw n
except for the i mmedi at exftiemdar alheatandaud dts swperrien gpsr i
and on the i mmediate flaaks ff dVakkeuss hamd \sollclasn of;o u
that is except for a s mamalt ifoanr. alwayf Sammet hBay aw&r |
spring just si X k ms NE maif n tdheeot Qietryma blfff Ueb dak & & b
(Fi gulrledl ) [ explained by this extensive
rock as well as by the 1| acl
l ogic investigations.

N

w { / i [E @6.62,090

s
2020/06/19 07:55:10; 2.8 ml \

06.5, 60, +9 &
« ) S

il
206.5,60, 490
2020/06/29 02:02:36; 3.77 ml 7{/Fig 9

onsren u.\/

| A *
\T—7 =0 / y
. |/
. 109.2 y‘/ 2020/06/18 0048:50;2.08
2020/06/1600 34:14;4.12 ml ,JL,,_ m|l||ga|s F|95 0t

_,.. (65.5, 68, +25)

(un 52,99),,

(231.5, 80, +165)" Q /" \ (117,49.5,-98)
- ]

e
SNz 202006/17100000;27m ’ _ ; e b
-45; s s posite August 1981
2UZNTC AR e oS vm] 2020/06/16 08:40:22; 3.3 ml 2020/06/24 07:35:40; 2.15 ml
N L] S

Figuméedfocal mechani sm determinations for the 15 June 2020 t|
|l ocations are shown in red. Thd46t wagluatgdo9tBle Nnteghkakedapit egn t
bright green along with the Composite August 1981 focdWw mechar
is shown just south of the upper Nateekin River bahsomn. NQnrl y ac
merous di kes and active faults were observed. The | wv&layi on of

555%5% 8 88555 %% S h 8L XL E8'8 5 8583 6% ss56650085861
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2. THE 2020 NATEEKI N RINER h&tALLEYmore scattered
EARTHQUAKE SWARM with a rough NW orientatio
2.1. The earthquake swarmuch more linear N 62A W K

The June 2020 epicentertsaifnorust hegiNanhepksn wardtlteyo
earthqguake swarm are showall lieny rbeudt i sno Ftilguafe t©2hd oMa k
1.7 ml (Richter 1l ocal maog n i tthuedsee) fevealt smacldahias e d
based on epicenters det eprlminneesd tbhyatt haec tAlVaQ.l yA rfeafilrelc
dense seismic network ( 8nesleiasmo garraepah asrtea tii nodhisc a tne dt
northeastern Unal aska | dloawved-sihiwgimenpr wpecuiseds al on
with other more regional NOAA and USGS stations.

These AVO stations wer e |Icnaladddiattieodn ,f oan tihret eMraeksutsihn g
Vol cano region in contr arsetc htamitshme dimaree mi @it dmal i ¢r
t al models wused by the fAkaska AHgushgualBd €Eant agu:
(Univ. Alaska Fairbanks)j,usNateaosntalofEatridhgn@ake eéaf ol
mati on Center (USGS) andvRaaisfiarersundmcaWadniimg gr
Center (NOAA). The AVO eepviecnetnst;er2 re€£sahts 2ampenalr ( Pi
correlate more with my olrseanm wwedc tf iNa t6ssAastEh gpnerf datue sttt
Al aska Earthquake Centerdisgiucsrtderi 1. t Bethaepecepte
data sets appear to cluster more toward Makushin
Vol cano region than wha®t hneyr fsihealld otvateaarit hdua&tess
should have been the cals®&ve Floegen hete tpauatpeods ei mft Hihg

report, | wused the AVO ddateas efnur n(iAsee g2 axa.l Jocghre yP caw ee

(of U. S. Geol ogi cal Suirnvteegyr, e sppe resomead i aclolnymugii wean

tion, April 2021) as theikeseracognatzedepheceongaout

set . wel | as throughout the NE
[9 . But this interesting da

2. Bocal (fault) mechani ssrtc odpeed eoafmitnhits ornespor t .

Focal (fault) mechani sm determinations for eart h-

qguakes principally | arge2. ttheanf ur7 fmdc ave r (ef aelt te)r mme
by hand for the June andikzwldy earthquake swarm. Th
results are shown @I8 Bngoue #dypéds usfedf daalr ([faul t)
Klel®h fo interpret the AVMUOhedadrad badslkey EpROoertagnshqu

of |l ower ml were not usnabkkd.cOhesdeégpdapdubtaeiiuvd &
due to the |l ack of consifsatudnt wiochala medhk afi dimp rees u
This | imitation might bed aduwe atlo ctohmep oinrefnlt u e{(hset@er) i okhes ni
matic dikel/lsil]l intrusireprlkeeaiemg ed oriynattrea foiyr stthe
smal | er elap.t hBlwtakmesr § | i X®@2 ¥/, 068 /t15vazl: due: 49 UTC,; (&L

to the extensive hydrotfaumal walt heraatsitoere pofditphe ocr
observed throughout thigirmdagtieorna.l Eloanpeomemac-Hi1s&)f i & e
mechani sms were deter mi rmesd rfeopr elsbe ntuenrde Hy the eard
of June as s h@mny ionneFifgoked 04(0f6a/ulet )00: 34: 14 a(ed ala
mechani sm determination swasilkiepad(estfrdrket 2811 Br ges$ p
July event; a 3.05 ml onsenteed 9tbly at ho 3:|2alrage@srtal 3 .a

2020/ 06/ 16 15:36:45; and (o0
These 12 focal (fault) MNe@8BaniEsiNs wath ahdwp 6 O0A rNw
(Figure 4). They are pa6R, ofr aktewo+ @) cant erre pcrl aus ¢ |
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m| reverse at 2020/ 06[2R9 TDiRe 9 : Bree allheriendarceat
al so different faults involved within each grc
that were roughly par a3l.l2el Tthoe eNa c5hd Ao tWh e\r ,n ow hriad
supported by field da®fa.t hCeolfliercstti vgerloyup ,t hehsee N
caused the June/July Natuddkidn pwdlnlge y55eharN hW a K
swar m. fault used Llogkothetemahec

ery well. The 4.19 ml of
The second (b)) group,edhpusteepl yh& edaptpi hghiN
74 W N striking nor malhefranall t Dgrsocuwopv,eriys Wehlel mpo
common earthquake typed. 1YWetmlt heéswer{tb) hgdoap hypo
duced only the second 8l &r gkens t( A\aO t hatualkeg) .a @i.

mi just 3 hours 17. 4 trirmutieonn aft ¢ehet  hedid aclgec
4.19 mli of the first tgyr om@pdelt hes e(da)bygriow@ . c oTur
second (b) group domi ngautackse tehwemtisd t @or uppbes Na
teekin valley earthquaKdecltustparceaneri § oalhs o o
served in the more NWcentueart ede gtFh sg.urieh e4 )ac tTuhad
first group only occurreednuich tlhees sNVA nadl utshtee r a sasr
appears to be-sahmooac't faelasfiduwletbrreodkki ng the grou
Point -KaNdim4dA W N strikuisnmedtaktulsihg nfault was ir
Vol cano rift Thend aflgiegurldtz)vkat . I f not , it wa
slip fault, the 3.1 mlaldtel202a@m/1 @6/ 16 15:36: 45,
pears to be separating these two clusters. TFr
| argest reverse fault 3.8heTBe7KR M4 A aWw R 0g2rOo/uop6
02:02: 36, then represdhes molsd NW mmomi tf cocdalt he
NW cluster. group was the N 74A W N

dip to the SW. The first
3. FAULTS RECOGNI ZED IsNerTvHeEd FilrELtDh e Nateeki n v
3.1. The faults July 1982 as shown in Fi
Numerous basaltic and vaewrdyesridugh dakes saeepcrwdd
cutting faults of numercswesd omi eamt etriodresd werve na@
served in the northerfnaulntalvaassk as tirsilkainndg rNe g7i0o n
[9] . Of prime i mportanctehe aSl.| Af douvars adft itchesgd | 2 w2
fault groups were-10BServeaeld mattd&r s.n Tlh9e8 Of aul t v
and at that ti me wer e touspecatcad vteo ad & haoatgihv en.o
tive faults were evenabbservbed ravihe. NBtueekdyp
vall ey that appear tosaptatfetdreecphyatloelt hM
June/ July Nateekilm eaadrdtolhrquad k ef asuwarsm.wer e recog
tion an eadtiipvef autlrti kweacsa taelds oo nmatphpee damazi ng aer.
t hat related directl-y utree &n ted&krelni déory ATy MDu eug
11 Nateekin valley eafAhguakan sAvarrimald eLtLeCc)t. e d
by t he Lamont Observatory Sei smic net wor k
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3.4. The N -5I0i p Ef &lulst rgkeup
One of the most wsbvipodsaluy ta

the region, similardipofobhbha
(faul t) mechani sm deter mi ne
l ey, was observed in the P
Bay pass just south of the
Actual ground breakage was
the corresponding i-lnagateersalct

strsilkiep faul't (Figures 2 al
steeply di ppilnagt etrosslit ihget riNaVudl
striking N 50 E with a sl
This fault extends through
to extend along the south s
been mapped across Unal aska
south edge of Summer Bay L
Bay war mp.prdwngt [the existe
spring suggests this fault

al extent of this fault sug
It would fit insdipheoinet of
ar2z32[p.

A prominent -sN i51 f akilstt rniakse
Figurle Asugust 1983 viewmipnédthe ®©Nhe Omi dW Nateekin
striking nor mal fault dygpmalnlg ofd seSsoanf tmearelays tve
ravine exposure in midofdaitzedkiinniRiivadrl yv @inl éd ywej gt
1 km SW from the head ssocgudrhp asfl e wte o@fpo2wi ewamd- tf
slide, Figure 4 and 6. tB&bl 6§i § ndK¢ qtke dSwam shoing utr &
ing a sample of the baShdltsttimijkend { way!l dgfisie rpad g

placed by at least 5 verOiAi cl Nmdoogpg. (fault) mec
through the | arge Nateekin
B served steep dip of 80 NV

component (rake +165). The
ni sm fault of 2020/ 06/ 16 1
(Figure 4) and a hypocent el
epicenter of this 3.1 ml ev
fault (Figure 4). Again giyv

ma | alteration of t he Unal a
this region as shown for ex
the Nateekin | andsl i de, t he

FiguEar6y November 2019 ,drQne cVaineraPryy Add¥Yensi vel y

Di etrick of Unalaska (AlgutiaBnbdehbal aLlb&)ckpokiag
WSW of the mid Nateekin Rijver,ehalhlboey 9§ alﬂavoilndg |
landslide in the middl e hqfs-stsr{iq'pi%fieaeu"‘i't Ascttriovneglfyauiln‘
shown on Figure 2 and 4ag8@;neﬁvterqh%itsciutss%qoib%b}pi

report are shown in redogdfprodrrfdti®ng@P.facFigdlang 5(
|l ocated at a steeply S dipping N 70 W nor mal faul

outlined by the steep red lIline to the far 1| eft.
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interest, otsHharp dddiilttthsoshnvad meslttr iike pr oblabAygu dhte
entified (as shown i nl9BilguNaet e€)ki nhnshidlel onw-de aNat -f
ekiam | ey just upstreaml atnar adlo wnesuv e ,reamt onfii gthte be d
gure 6 faults and | ancdcdl idd&.e TOheoswd hhave sl ightly
rent strikes and even unexpected motions. Ther e

i mmedisdt -l ati gihltad f auAnhoi beltatdearad $ $ ot rfi kwel t was
e Nateekin River t o tahbeoued a St kimr @amoRggtuhe Maitrhal
rikes N 60A E with anf8®m NWedirpawittitvaa es! il gmtd s
rse component (Figures sdlaodt 8. | The a420D/ 606/ R H ¢
35:40 2.15 ml event wlteulN@0/ p6&k1LicaetdeSrtasS B if Pt5rBi rkise
A E fault at a depth mbf e8ebt kmThd tfsaulotc ails (rfaatu
chani sm has-l at &r 811 s Erniolkrg ht vbearntki codl t he Nat eeki n
p and 0 rake. Determi hat have of fectalt hmeaohareirs nes
rr such small magni tudd edfat e Heul bgkeense rian v, o0 | tvhees rwievaer
seismic signals -wadethemeéfopet poaomeof ftihestf aPul t
l arity direction det enriendtaiudrns .i tBuatb rtubpits ye vcehnatn ¢
prime | ocation and ipnotsesriebsite iAnpfood alncmech &miss rf
termination was att empxteadn dantdo ftdret uSVatend yaiwasph
hi evable with fair conhtdebnhbe. | Buge mosmplletkel Fou
p is not exactly vertioc¢allO®&8n@ mhél rghéesi §Fhgur e x
and should be a small I|paltuesr adalnoet.i on i s due to e

ented di ke growth near the

e other downstséam dhsétvdd strike

rther east. It has a B.6G5AThestNri3l6dA Ei NhraveédsesS

th again a slight revé@mse odomphendretst( Rixpwsas e4 a
This possibly reflethe mewersze pefrpeintd) cméahani

Xi mum horizont al tectobhecNatteelsisn dRirvweecrt i wanl loefy N

A W that was original Ifyl aincke rotfi fMaekdu sbhyi nN avkoal ntuarnao f(
e r2xhonThis could besttoeant @mna Fmgmue ersi i dand 4. °
ust because of the | adk 2dfA &€i fNniwfiit hamt ds lpalolfove Om
bodies in this i mmedimené¢é afeaveThiBs metaelrs wasto
rved t-bather al I[feadul t . pbar Nat e e&kx he 2d 2iOnt o Makush
rthquake swarm did noeréedvatvievehibt tglpeo odp feaur
tion.-1BuAu@u %t 1981 etnhehquakeesftvamerol e field r
served by the Lamont o®b sMarkvuasthoirny Vsod icsamioc rretgur e
rkD [ does have this motsiuogng eassntds tthhees ef aludl 81 iespiact i v
ntleorcsat ed on the faul tE R hree veepriscee nftaew! tlso cvaetrieo nnsa p
the two | arger eventas band2f sanludx8els €wasrtm@r ar & h
own as bright green TregiFomguot Mak uTshheisne Viod rcqaenro
ents were a 2.4 ml at teeddept Riovfer4 .vealKnmryandT hteh e
6 ml at a depth of onlkwsthi5 kWwnl cTehreo coxmpensde e f o
ault) mechani sm det er mBiarya ttihorno ufgohr tthhee feunmairroel es waar
d a strike of N 65.5AasE dwwrhh tahr6BughSEGIdd @i earndV a
ke of +155A (Figure 4XusThhins Bayulvial beyd .| &Jintf olr &
65.5 sEi ptfaklket with dr 68WerSEaldiagl tweirtaht iaon of t h
i ght rever s-eatcormplonmovt emamthit of on of mo st faul ts
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[ 9] . They are perpendicWbadbtodgbdeoneddaegniazcetdi v 5N
W N maxi mum horizont al |taetcetromlli icpt sfiakuests adi rtencet iCoanp t
[2F whereas the N 27A E Bayaphssi snmdBelAp@auisié o nlid(BR:.
l ar to the Point Kadin r2i)fti szoamte ©bheMUKBRS hsihmo rvo | pceart
station operated by Lamont
3. 6. Ot her active faul tBdayd,eslomBdkt) . associ ated with
the Nateekin 2020 earthqguake swarm
The Figure 7 site is andactANBSUHIaES stri king N 8I
with a 78 S dip-laffTéiasl 4 aterksltamge rriggehdt i vated | a
slip fault with a reverg&8f62Coemponbkbguakleesc!| motterf i t i
any of the recognized 20RB6 Obdhteekiactshkhatedwl|l aadsthi
guake swarm groups. Butdoé@s sapypar wars oded elt.t ed. b\ya
focal mechani sm deter miqraaplomnsdaotfeds 2werSaelpt eabeh -
guakes in the upper Nat SekiveyyYal Tag bypndMesNutde amd:t
SancR@§ez bt ween 1 Augusti slosOnbaldred a0t BSepgh its hea

1998. I never recognizedatély martulpy odo viearued d swiitnh
Nateekin Valley during wmays 1de8fOisni ftiedlyd iinmwce s tvieg awvh
tions, which may indicabhedmwp heal dhwockves eofilgla
compl et e. But this typewabkepdi d®s hwitthle thra dENE ap @r
all el fault that i nterselcd sl &rhds |Gedoet hleoronkail n gD if socr o vf
We | | Fault amd &tT fumar dlienefi €l s?vasronotl active withth
(Figures 2, 3 and 4). Thosvefadl withpeedeédamnioon gama

earthquakes at the timenofrebenf02&kpNaedeksion | ea(run
quake dwarhms had defi niThe Hool soecreunded adsctariiivki et ¢ f 1982
by showing disrupted sothe aadrewgetaki o dlh@ngnaii:

surface with a minor scawipg hoft hiemmsfatul ¢tm wen |li tlselup
(to south). Agai n, t hi s(kFisgwme 60)f. tithesumpiert edasaan
sel ect eld stihtee SbTecause | tmanwans rtahvei nientoefr stehcitsi olnands | i

of two suspected Holocenhenfaubtal|l thast s ypk tamids os
amongst the N 54A WN grfoaupl.t .1t also points to the
i mportant fact that numerous active faults exist i
region that are not i nclTihee d aimo ntth eObfsceurv ag roo uyp se arret
nized in the 2020 eart hguwaske tsowatrhne. -IEISE 10,8 1A u gauisd 1B
vate this old | andslide. Th
sign of reactivation on ai
August 1982 by Northern Aer
State of Alaska as part of

ma | project. The Nov. 20109
tridkes suggest some reacti
the past due to the | ack o
and dead vegetation, t her ef
vation must have been at I
November 2019. Smal | eart

known to be fairly common
vall ey since 13921632 AVDnchtaa
Fi gur@eod.ogi st David Edgevandl r HEisde pNWADtard i kme c har
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