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Abstract

The Black Hills Terrane (BHT) marks the eastern margin of the Archean Wyoming craton and contains the largest Paleoproterozoic J ReVISed G eOIOg|C M ap BIaCk H | I IS U pl |ft'Scale Oroger"C Au explOratIOn 1m pllcatlons
orogenic gold province in North America, including a supergiant deposit at Homestake that contains >62 Moz Au in known resources. ’ ¢ L g L _ o o _ _ N
Despite this phenomenal gold endowment the BHT remains remarkably unstudied and stands out as the only significant orogenic gold ) oo * The supergiant H_omestal_<e deposit is hosted within a window into m S
province formed during the terminal stages of the Nuna supercontinent assembly. This study presents a tectonic synthesis of the " Y v Y autochthonpu_s mlpgeocllr_lal roc_ks al_ong the easternmost pf three E- é} H
Precambrian evolution of the BHT based on U-Pb geochronology and paired Lu-Hf analyses of detrital zircons within 72 metasedimentary o . W) - o B parallel anticlinoria. Stratigraphic thickness changes, mafic Area of exploration interest \ o 3 g
units and igneous zircons within twelve granitoids. The BHT is underlain by Mesoarchean greenstone basement with geologic links to the 1 8 ead Window T T intrusions, and structural style suggest each anticlinorium is cored e o e estake Mino: 62,676,000 ounces AG : 2 8
gold-endowed Vaalbara supercraton that may have imposed an underlying fertility to BHT crust. Auriferous conglomerates correlative y 7 samples by an original passive margin normal fault reactivated repeatedly - / ) WSy
with the basal Transvaal Supergroup of the Kaapvaal craton (Black Reef) are present in the Black Hills, providing a spatial and temporal Al > esoarchean ‘. > N=232 during the Paleoproterozoic. Fast Tinton T oS Biaccai: 1500800 0z Av_| NoRpyer SLacK Ls,(b & N §
Im|k between th_e Tran:_evaal and_ Hur_onlan ﬁup:argroups in ghe Kgno;lsnd supercontinent. Thc;)1 exposed pk())rtlon oflthe BH; IS dgmlnated by Tinton Window E ] . Homestake is located near the intersection with the transverse e BH) TRANSFER = S
Pa eoproteror?or:c passive margllzl miogeoclina sequences eposrllte et\{vegn 2.15-1.96 ICls_a_t at w:re su selquent y overthrust ¥| 186O-I1820 I $ g % Northern Black Hills transfer, marking the northern boundary of the A X — A
Ma parautochthonous greywacke successions transposed over the margin during arc collision and ocean closure <1820 Ma. A flexura 1 sample| | : 3 0 miogeoclinal embayment into which the Black Hills Province lV nchor: 130,000 oz Au *
foreland accommodated thick greywacke sedimentation shed from the adjoining thrust highlands. With our expanded dataset, the gold 4o 2 H m develoned during ri - 1 w o
: . ) : z = ped during rift breakup of supercraton Superia. = R
resources of the BHT can be placed in a proper Paleoproterozoic tectonic framework during the assembly of Nuna. From 1.9 to 1.82 Ga 5 c o _ _ _ _ - 3 Py
the Wyoming craton was rapidly rotated during oroclinal development initiated by the failed subduction of the Dakota block beneath the S , M 113 * The vast majority of orogenic resources in the uplift are located in KR a 3
Minnesota River Valley subprovince of the Superior craton, culminating in a soft collision of the Wyoming and Superior cratons at 1.82 2 I, té e nm v cs cesas | o autochthonous rocks west of the overthrust domain while overthrust SR o S
Ga in a dominantly strike-slip setting that trapped the intervening Dakota block and extruded Paleoproterozoic arc crust south of the 9 k LA AR fpf jpbioeﬁb igf(ja)g 588888 % greywacke-basalt-gabbro-BIF and S!|ICIC|aStIC sequences in the_ Q‘f g g 3
Wyoming craton to form the controversial Central Plains Orogen. This event placed the Black Hills near the south-facing margin of a = allochthons are notably less productive for orogenic gold deposits. g9 o3
mega-subduction system extending across the entire southern boundary of Laurentia after 1.8 Ga associated with Yavapai accretionary Little Elk Allochthon % _ _ _ cu,‘;"-' o%‘ = E:-‘
orogenesis. Stalled subduction, intense compression and foreland fold-thrust belt development, and eruption of komatiitic lavas with OIB S A S s 3 [ainples S * Exploration outside the Lead window to date has been remarkably S5
compositions in the Black Hills section of this margin after 1.78 Ga mark the arrival and failed subduction of a large fragment of circum- $8885888888¢8858888388¢8¢ z 205 < unrewarding for major discoveries. The recognition that the south- Q
Manikewan LIP plateau crust tentatively associated with the Dawes terrane. Tectonic readjustments after 1.77 Ga produced an UED TIPDIETED Age (M) g | ® central Black Hills are dominated by overthrust allochthons and by an
environment favorable for the development of orogenic gold deposits in the BHT, including a switch from dextral to sinistral transpression g = g assoclated foredeep succession suggests that the most favorable earliest
that led to differential block uplift, synorogenic clastic basin deposition, dilation of the mantle-tapping transverse basement faults, large- Hlag Rbck Grobip 5 = Paleoproterozoic stratigraphy for large deposits is present at depth, although _
scale hydrothermal fluid release and the development of supergiant orogenic gold deposits in the older passive margin sedimentary rocks. 4 Samples @ N /\ possibly out of reach for exploration. Flag Rt“cf‘ Bjst;"
We view the BHT as an atypical orogenic gold province where deposits are hosted in miogeoclinal successions deposited several hundred z =22 y +In contrast an approx. 800 km? region beneath 50 to 1,000 feet of Phanerozoic  Rochford and Nahant
m.y. before gold deposit formation and underlain by ancient attenuated lithosphere along a long-lived plate margin that experienced E A | / a || cover along the Deadwood transfer remains virtually unexplored and likely fault-anticlines;
- . . .- . . . . - . . . . [e) " d d
repeated gold refertilization through subduction modification. The remarkable first-order similarities with the Paleozoic tectonic history of s| |3 SEEEEEBEEEIBBEEEE BB YL contains broad exposures of favorable host rocks. This constitutes one of the " sz r::; ;:c;g;’:é
both the Altaids and the Great Basin argue that the BHT may mark a transitional form of gold province linking classic Archean greenstone g B U-Pb 207Pb/2%Pb Age (Ma) most prospective exploration regions in the United States for major new
orogenic gold deposits with the sediment-hosted deposits that would dominant the Phanerozoic. .3 RS J\ | discoveries!
\ Swarm of narrow
- - [\ « Guides to major concealed orogenic gold deposits are provided by breached gold-quartz veins
BaCkg round and GeOIOg|C Settin VN L G T . Eocambrian paleoplacers uplifted in small structural windows at East Tinton D e o,
e st Corgan o a1 2009 g 'z T ‘ = e e e et Snerdl 280 oL ONos Talulapny and Anchor, SD containing nearly 600,000 ounces of gold derived from basement fault .
hitmeyer and Karlstrom (2007) % ") ki unknown, but significant orogenic lode sources. system A v--49°~
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Hill City o === structural culminations directly over the Palmer Creek subbasin is gravity data
_ 5 A Pactola Allochthon Foreland | "Cagpier = basement-penetrating faults that later also a large placer gold O ristor ——
O Older Orogenic Belts S8 AV PROVINGE -~/ . ~ ﬂ 6 Samples _ S Golconda served as major conduits for ore fluids. producerwith undertit ~Orie orogene 90T ey
| | (O Archean cratons o._.. P s vl 0T . B ne417 |} s Overthrusting of |mp.ermeable sedimentary exploration upside
Fig 1. Terminal Laurentia Assembly at 1.80 Ga Fig 2. Aeromagnetic Interpr. of Wyoming-Superior craton boundary § o § packages created regl_onal-§ca.le seals that
_ - _ _ _ _ _ _ _ _ e 3 - enhanced ore deposition within lower plate
The Black Hills represent a critical basement exposure in the American midcontinent near the intersection of the \Wyoming and Superior 2 L 5 oberts Mountains rocks. The majority of the Carlin-type deposits are preferentially located in continental slope-outer platform margin facies belts in
cratons and the broad accretionary belts in the Yavapai Province. The affinity of the Black Hills for either craton is hotly debated as Is the S S > Allochthon windows beneath or directly in front of overthrust Roberts Mountain allochthon. Four linear belts of deposits reflect the rift geometry of
origin of the Powder River Province in the eastern Wyoming craton, which is interpreted by Worthington et al. (2016) as a Proterozoic Group g e O Important Carlin-type Deposit the craton margin including lower plate normal faults and transfer zones bounding the plate. The host sequences to the deposits were
accretionary collage but by Hrncir and Karlstrom (2018) as a Mesoarchean granite-greenstone domain. The timing and nature of the T\z Lead Group o0 AN deposited in fault-bounded subbasins on the platform margin several hundred million years prior to the formation of the gold deposits.
Dakotan Orogen relative to the broad Trans Hudson Orogen is also unclear. The Black Hills represent the key exposures for understanding r AN A =2
many critical events in the history of southern Laurentia as the uplift preserves a remarkably complete archive of tectonic events in the " SE2cEEE8588S8EsEE8 8¢E¢8 Yates Basalt S3
detritus preserved in its numerous superimposed tectonosedimentary basins. = U-Pb 207Pb/25Pb Age (Ma) operts § CO N CI usions
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Methods Probability Density Plot Detrital Zircon Data 5 s (Lado e e The first detailed detrital zircon study has highlighted many inconsistencies with the current model for Black Hills Paleoproterozoic history,
\ 2.66 _ 3 2 vanderiehr el % which has commonly been incorrectly ascribed to a juvenile greenstone belt similar to the internides of the Trans Hudson Orogen.
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R e e Qﬁ‘ @ | O 2| § Modal age peaks S Ak Paleoproterozoic et e The unique history of the eastern Wyoming craton and the Dakotan Orogen is not characterized by the development of a wide external ocean
: -"“"7”":‘,’-%; lJ‘ o Q £ O 3 Estes Unconformity_)‘ A A . _ . - . . . -
O £l ¢ 205 o B Bear Min. 5. but rather highly attenuated mature cratonic basement originating as a juvenile Mesoarchean granite-greenstone terrane covered by a
r ion Q . Lo chis = % - - - - - - - - - -
()  Foser ablation spot 5 § N NAWJ A A Nooarchean S0 TE miogeoclinal succession into which numerous Paleoproterozoic back-arc basins opened and were later inverted in a large-scale transpressional
. . : L £ — . M W A Tinton g 2 .
<§ /Q | S fault setting.
it O U-Pb 207Pb/296pPh Age (Ma) _ _ _ _ _ _ _ _ _
4 ‘ ~ < RN T e The Lu-Hf isotopic data argues for a persistent continental influence to these 1890-1830 Ma arcs switching from the Superior to Wyoming
' dor aee om0 e 4 Saples ., e e cratonic margins after 1860 Ma. Very little juvenile intra-oceanic arc material is present in Black Hills sedimentary basins, suggesting arcs
) e\va c .- i i ; i ; . ,
_ _ z N30 @ > =329 were constructed on the trailing edges of cratons and ribbon continents in the intervening space between the Superior and Wyoming cratons.
g:tt:;fa?zlil:gl:se _Sgggf zi(z(;l_:) Izrgigr: of " Lu-Hf Isotopic Data Interpretation c‘; 0 2 :g- E -
' * +6 Juven SR eHf value = HE T, age S |g @ £ g e This assembly event is interpreted as an Altaids-style accretionary orogen involving development of accretionary collages around intra-oceanic
Detrital zircons from 72 separate metasedimentary rock samples were tributi iR 5 o >
+4 contribution 3 3.41 GDae - % g -g Crow Emn. % - - - - - - -
analyzed with laser ablation inductively coupled plasma mass spectrometry ) L & teted o, e | ' 7 : continental fragnr_\en_ts_ and later orocllna_l benQIng anq entrapment betwgen the_ rapidly rotating VWyoming and Superior cratons that |
(LA-ICP-MS) at the Laserchron lab facility at the University of Arizona. T 7| supsrchondritic gi &) L \; M o ® [t il e accommodated significant late-stage strike-slip faulting. This style of history is extremely favorable for the development of orogenic gold
. . . i - . 0 = f - b P - - - - - -
Analysis of at least 60 grains provides a 95% probability of finding all £ [ subchonaritic | 1] < CHUR SRRV, (WINEN T A \/\, ) A\, N deposits in other orogens and can help explain the disparity in gold endowment between the Trans Hudson and Dakotan orogens.
important modal age populations. Internal structure (inherited cores, S @ [Data Point SE 33 RRBRYBIBBELREL ERE Y E B LoWangle oree — NN N
R . . . » il S & & & & & & ©6 &6 & & &6 & &6 & &6 &6 & &6 & & o nsiong, aults él § § § ié § § 4§ § g él § § § lé § § § § g él § . . . . .
resorption events, metamorphic rims) were revealed by cathodoluminescence [ g - iE i U-Pb 27Pb/20%Pb Age (Ma) U-Pb 27Pb5PD Age (Ma) e To reach their current location the Pactola and Little Elk allochthon strata were tectonically transported northward along the Wyoming craton
microscopy and back-scattered electron imaging prior to analytical spot . == O I A margin in a sinistral transpressional fault system associated with the rapid rotation of the Wyoming craton in the Dakotan Ocean. Subsequent
selection. Paired in-situ Lu-Hf isotopic measurements were collected from R i " g ] ' P A ult sy ’ pd e allochth Wy ?] e Black ' ' g
i ital zi i 0 : : : — rtening durin Ision of the Wyoming and Superior cratons moved the allochthons up onto the craton margin in the Black Hills Terrane
the same ablation spot. Detrital zircon age results passing through thg +10% SOUth Lau rentia Assembly. A|taIdS Analogue? e — ——— — shortening auring collis Wy | g P P _ g _ |
discordance screen were plotted using Isoplot for provenance analysis. e Significant orogenic alds Orogen a a akota Orogen a a between 1820 and 1805 Ma. They contain almost no known gold resources although may be prospective for VMS deposits formed in the
= . . . . . gold camps . .
 The Altaid orogen of central Asia is the most important Phanerozoic Goldfart ot ol (2012) P T'ﬂgs H“"S"V allochthonous oceanic domain.
. . . . - - : ; rogen
gold province in the world _ . _ _
Paleoproterozmc Tectonic Settlng of Black Hills _ _ _ _ 3 g craton 1o ) e Without a constraining domain to the south between 1900-1800 Ma, extrusion of arc terranes may have occurred southeastward from the
0  Particularly well-endowed in orogenic gold deposits (>500 Moz Au) 2 S \a
+15. , — : : : : : - : . 5 : .. . . : .
Nunals.c. '~ Kenorland Supercontinent Breakup | | /A9¢ data alone give a one-dimensional picture of sediment _ _ o S o N Wyoming craton along sinistral faults to form the controversial Central Plains orogen on the sou_thern margin 01_: the Superior craton and
100 om + . provenance a”f 9an.rI‘Ot d'St'g'g“;Pf between ItWO. " *  The closure of the Paleozoic ocean basins between the Siberian and g transported numerous older Paleoproterozoic continental fragments and detritus into the Yavapai oceanic domain. These would later form the
+10.0 F/—— 9010 rovenances of similar age but different geologic history. i ' ' : : : : :
NC_q0of® —o" C 0 PTOVETIANGes | J At 4 East Europe cratons and Tarim microcontinent controlled the : substrate of the Dubois-character arcs in central Colorado. The presence of older Paleoproterozoic material >1.8 Ga south of the cratonic core
T e k 26 Lu-Hf isotopic measurements make it possible to geometry of the Altaid orogen i Y o _ _ _ _ _
® L5g R Supe' i — vt —* determine the nature and source of the host magma, the ' Trapping of of Laurentia is a persistent anomalous feature of the Yavapai terranes with competing and controversial models.
& e e lince | relative involvement of evolved crust or juvenile mantle, « The clockwise rotation of Siberia led to oroclinal bending of an Kazakh !
> /+ \ + P‘od\ ) g Orocline - .. .. . . . . . . .
= oo |cHur| [/-300 my. witson + + Supe | and the model age of depleted mantle extraction (Tpy). intervening Cordilleran-style accretionary orogen involving e % e The numerous similarities with the Altaids and Great Basin sedimentary-hosted gold provinces argue the Black Hills represents the earliest
W -5 R P S e This integrated analysis gives a distinctive fingerprint to overthrusting of pericratonic and oceanic basins onto passive margin % _ known passive margin-hosted gold province formed at the birth of supercontinent Nuna. Although classic orogenic gold provinces within
= g 4l rwe' 7 on | provenance and an important view into crustal evolution of . . . Platform ; : : : : i .. : . .
= 5o i Sl : pov\«g‘,«mgc‘a Source terranes sequences on the edges of discrete Precambrian ribbon continents. sequences _ oceanic-type crust still dominate the Neoarchean and Paleoproterozoic, the first recognition of this style of mineralization in the
@ - = [ Wyt ' . . . L. . . .
o z S + _—— _ _ : | . Pal
+ g ; ; . s aleoproterozoic opens up enormous areas for exploration within Nuna that have historically received little attention.
p E + . i Black Hills Hf data record a remarkably complete Wilson Many parts of the orogen are spectacularly endowed with orogenic \ % penor P P P P y
9 -10.0 el o cycle beginning with breakout of the Wyoming craton old resources hosted in the landward edges of miogeoclinal : : : : . .
= g T A y ginning : Wyoming ! J : . J J Escape into e Favorable terranes include not only the Black Hills but other passive margin sequences dominated by black shales, carbonates, and Superior-
N g ~aggmm development of a nascent continental margin arc, back-arc successions that remained attached to their rear continents. European Central Plains \ /" fromentory : : : : : . : .
150 i E L, extension, growth of new oceanic crust and subsequent _ _ _ _ _ _ Craton - ~ orogen style BIF deposited on widespread passive margins during the breakup of supercontinent Kenorland and its constituent supercratons.
|z basin closure during Wyoming-Superior collision in the last * Deposits forImEd (;:"'T(g multiple episodes of terminal transpressional ’f e Tien Shan / Successions deposited on the trailing margins of cratons that experienced rotational extraversion would place these favorable lithologic
20.0 orogeny of the Nuna s.c.-forming cycle. movement along block margins successions on external oceanic convergent margins, where they could experience Altaids or Pacific-style retreating accretionary orogenic
1600 1700 1800 1300 2000 2100 2200 2300 2400 2500 2600 2700 L . L events characterized by subduction-driven SCLM refertilization and back-arc overthrusting thrusting, late in the Nuna supercontinent assembly.
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25 s ;| andoverall composition lead to characteristic variations in zircon Th/U ratios v’ First-order tectonic control of assembly through cratonic extraversion that traps external ocean arc crust and exposes passive margins to convergent margin tectonism
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0.1-0.5 Long-lived silicic granitoid magmatism
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