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REGIONAL GEOLOGY AND TECTONIC HISTORY

The Yukon-Tanana Metamorphic Complex

The Fairbanks area is located in the northwestern part of the Yukon-
Tanana Upland, an area underlain by crystalline rocks of the Yukon-Tanana
metamorphic complex. The oldest rocks in the complex are crystalline
schists and gneiss domes that were part of what was formerly known as the
Birch Creek Schist Formation (Mertie, 1937). The metamorphic rocks range

Economic Geology

Gold production from lode deposits in the Fairbanks district has been
estimated at 225,000 to 300,000 troy ounces (Chapman and Foster, 1969;
Koschmann and Bergendahl, 1968). The principal epigenetic lode deposits
consist of gold-sulfide-quartz and gold-quartz veins and breccias hosted in
faults, fractures, shear zones, and stockworks developed in the Cleary
sequence and within intrusive complexes. The epigenetic deposits that are
hosted within the metamorphic sequences are usually podiform and

- GRANODIORITE - Gray to dark-gray, fine- to medium-grained
equigranular to porphyritic granodiorite. Dominant rock type in
the Pedro Dome pluton. Granodiorite composed of plagioclase
(45 percent), quartz (22 percent), biotite (13 percent),
hornblende (11 percent), and potassium feldspar (7 percent).
Accessory muscovite, sphene, apatite, zircon, and rutile also
present (2 percent).

Fairbanks Schist unit

The Fairbanks Schist unit is the predominant rock assemblage exposed
in the Fairbanks mining district. It is at least 1,200 m thick and composed of
metasedimentary and minor metavolcanic rocks that have been
metamorphosed to greenschist-facies grade. Schist and quartzite of the
metasedimentary lithologies in the unit include muscovite-quartz schist,
micaceous quartzite, biotite-muscovite-quartz schist, and massive brown and
gray quartzite. Garnet, feldspar and retrograde chlorite are locally

- GRAPHITIC SCHIST - Dark-gray to black, fine-grained, thinly

laminated graphite-quartz schist. Unit is locally manganiferous.
Includes light-gray, thinly laminated, pyritic, quartzite. Protolith
for this unit may have been a chert.

- IMPURE MARBLE - Green, red, brown and buff, medium- to
coarse-grained marble that contains variable amounts of garnet,
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rock types, the metamorphic complex also contains large gneiss dome component. Shears developed within the quartzite have well-defined walls, Pelitic rocks within Fairbanks Schist unit are distinguished by the contains a contact metamormorphic mineral assemblage led o central Alaska: U.S. Geological S B’ lletin 1903, p. 75-83 I

complexes (Foster and others, 1977; and Dusel-Bacon and others, 1979) and have open spaces, and are laterally continuous, whereas those developed Basaltic rocks crop out at several localities in the Fairbanks mining presence of gray or brown muscovite and quartz. including idocrase, diopside, hornblende, and scheelite. dotted where conceale //—’—’ Aleinikoff, J.N : ll;u;cl-Baccg;]n (;;:':;a ' :u: F .tp‘ H.L 98

subordinate amphibolite, marble, pelitic schist, calc-magnesian schist, and within areas dominated by schistose rocks tend to be poorly developed, with district including Fourth of July Hill and Captains Bluff in the northern part L. Gm}:mn;ﬂ g ic studies o ,the Y ko;l -ran ;s :ar’ d o e

phyllite. diffuse walls and are generally restricted laterally. of the district and at Birch Hill, Sage Hill, Lakloey Hill, and Brown’s Hill in MUSCOVITE-QUARTZ-SCHIST AND MICACEOUS - MARBLE - Dark-gray, green to buff, fine-grained, thinly Strike and d.ip of schistosity. S . Alaska, in ;:f; niiey NRD. aid uH ds-o naTna P cdl.:; i .;:s‘-:;qlm

Intrusive rocks range from quartz diorite to granite intrude the Yukon The economic vein systems in the Fairbanks district developed from at the south. The basalts are chemically transitional between tholeiites and QUARTZITE - Light-brown to gray, fine- to medium-grained laminated to thinly bedded siliceous marble. Marble unit contains = o Qe PARIG Aa P A]a:;m A:m n’“shm“s’m 2 '.'gm_mtcd
Tanana Upland at many localities. Some of these masses, including the least four episodes of volatile transport within a retrograded upper- alkali basalts (Furst, 1968), and the basalts exposed on Birch and Sage Hills schist composed of light-gray to brown-gray muscovite, gray thin laminations of sulfide mineralization parallel to bedding and Strike and plunge of lineation, 2 Gcological;f Circuslrar e e o ;’; ments during 1979: U.S.
Charley River and Mt. Harper plutons, are of batholithic dimensions and greenschist metasedimentary-volcanic assemblage (Metz and Hamil, 1986). include pillow lavas and palagonite breccias (Forbes and Weber, 1982), both quartz ¢ biotite, and garnet. Light-brown to buff and gray, fine- may be a calcareous exhalite horizon near the top of the Cleary ¢ = crenulation, f = lsm allt}'old S 2 & Bacon, Charles Por:zr H.L., and Sm"tpt; Jan;es G., 1990 (i Rhyoliti
encompass several hundred square kilometers. Small syenite bodies crop These episodes include: of which indicate subaqueous emplacement. At several localities, the basalt grained, massively bedded quartzite. sequence. m = mineral grain elongation 71 ca,l i of’ e Y'ukr:m-’Tanana ltcl 'l‘ ; (;nm_ ot
out in the Mt. Prindle and Mt. Harper areas. Mafic and ultramafic 1) Early barren, coarse-grained quartz lenses formed within ductile flow units contain silcified Metasequoia remains, which suggest an early or ; : clinal fold axi remnants of a mid-Creta mn:’ m.-om s , ‘fowamc
complexes, including diorite, gabbro, hornblendite, and peridotite, occur shear zones in transition to brittle deformation. An increase in middle Tertiary age (Péwe and others, 1976). Cleary sequence - CLEARY SEQUENCE UNDIFFERENTIATED. Trace of anticlinal fold axis 22 the Journal of Geoph imToR.:c?;glfnglw arc: manuscript submitted to
locally throughout the Yukon-Tanana terrane and are generally considered the abundance and thickness of concordant metamorphic i ol el 2 Blum. J.D.. 1983 Petmlo:ys AR anﬂ-' 3 e
to be alpine ultramafics that are tectonic slices. segregation quartz lenses toward the vein zones in the hanging - BASALT - Dark-green to black, very fine grained altered basalt. Interlensed near the middle of the Fairbanks schist unit is the Cleary Chatanika Terrane Trace of synclinal fold axis (“;il;nlc;;e Dc; e P;g:))cDom ryi . |soFol.):bgc0c P s S

U-Pb-zircon dating of metamorphic rocks from the Yukon-Tanana and footwalls of most productive vein systems suggests a Contains phenocrysts of plagioclase and accessory pyroxene. sequence, a unit composed of a bimodal metavolcanic and voleaniclastic z £kn ineral occurrence Alaska: Alaska Division of G eolo:iczlua::s‘(} ealhm.]ksl gnnmg ‘::imﬂ'
terrane suggests that some of the protoliths may be as old as Late metamorphic derivation. Contains chlorite ’“'d calcite amygdules. Strong culumnar jointing assemblage of rocks that is intercalated with metasedimentary units of the The Chatanika terrane is a distinctive unit exposed in the northern part Locaﬁ%c?al dgp“(;l.:,ittndata modified from - of Investigations 83-2, 59 p. B i o
Precambrian (Aleinikoff and others, 1981; and Aleinikoff and Nokleberg, ) A | : developed at Brown's Hill. Fairbanks schist unit (fig. 2, sheet 2). The Cleary sequence is composed of of the Fairbanks mining district. The sequence includes type C eclogites Chapman and Foster (1969). Brown, E.H., and Forbes, R.B., 1984, Paragenesis and regional significance
1989). K-Ar ages from metamorphic and igneous rocks range between 2) An ecpisode of quartz veining introduced pyrite-arsenopyrite calcareous actinolitic greenschist and chlorite schist with interlensed (Coleman and others, 1965) and high-grade metamorphic rocks including of eclogitic rocks from e Fait;:anksg:istrict Alaski’ - l.gl;, :

639 m.y. and 55 m.y. mineralization with minor free gold. Metamorphic Rocks potassium feldspar-quartz schist (metarhyolite) and muscovite quartz schist gamet-bearing biotite-muscovite schist, impure marble, black quartzite, and Location of geochemical rock saxglplc. with abstracts, Geological Society of Am it Cord['lle‘ : S;rogam

.Stn..nctural an.d stratigrap‘l'lic evidcncF i::ldicates that greenschist-facies ot e P e ) E (metafelsic tuff). The metarhyolite and metafelsic tuff intervals host most of amphibolite (Swainbank, 1970; Swainbank and Forbes, 1975). Amphibolite See sheet 2 for analytical results Meeting, Anch‘t)ragt, May 1984. i =
achists ‘mlthe ?mk ar;;i Aivwagoed dimsicts, Rosthoes Sag noittcet, A Bo;:dnza-t)[r‘pcr p°"".‘°::"’° In:::era‘h.zanl?:atz ]u?keld ude 8 su]mﬁldr: TR - the known gold, arsenic, and antimony deposits in the Fairbanks mining from the Chatanika has been yielded an Ordovician K-Ar age (Forbes and Chapman, RM,, and Foster, R.L., 1969, Lode mines and prospects in the
migeciiealy, of Gis Talhuin . Geicks, ifuls eopis  tae PSS A N - e e R el district, whereas the calcareous actinolitic greenschist and graphitic schist Weber, 1982). Fairbanks district, Alaska: U.S. Geological Survey Professional Report
Precambrian and lower Paleozoic sediments. Poorly preserved Paleozoic and sulfosalt mineralization consisting of pyrite, arsenopyrite, The Birch. Hill sequence crops out in a narrow belt of rocks in the intervals are host to significant base and precious-metal enriched oo 2 625-D, 25 p PoO!
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;T:']:‘:i‘;: ?ﬁhmgmﬂ;mgg::%n:ﬂii;:c(w\;?&?:n;atf;:: ﬁgr:ir:,uin?gn:i‘::“;ﬁ, ;:a:ocum;s ﬁl?:;n:tar::e:?\:; :::ta’l:?usp:;c?:c:l:t?;ﬁz;:;:t::ii ‘:‘:;r:tc;t?:hzn:i:z:s;::i: if;ﬁl.}:; SuiBen a.ct:urnu.lalions_ _The Cleary seq““""f‘ 3150_ """ltﬂlil‘l—"_\"ﬂl‘iﬂllil‘e amour?ts - ECLOG'ITIC .ROCKS - Three fiistinct type of eFIogitic rocks o ‘e 2, Chappel.l, B.W., and White, AJ.R., 1974, Two contrasting granite types:
1978). and is largely associated with Pb-Sb sulfosalts. The bonanza-type bl Iower-gee’n At taied m;neral as;emblages ey b of .chlome schist and.lmpure marble. Felsic schist and micaceous quartzite occur, ?ncludlng (1) g;{mctfl:nop)ﬂoxene . beanng. rocks in 36 > Pacific Geology, v. 8, p. 173-174.

5 5 2 £ : 5 : i 4 5 units that are geologically mapped as part of the Cleary sequence can be mylonitic, layered, laminated, and massive varielics; the Coleman, RG., Lee, D.E, Beatty, LB, and Brannock, W.W., 1965

Mesozoic sedimentary rocks are relatively rare in the Yukon-Tanana assemblage in the Cleary Summit area overprints early quartz correlative with the Keevy Peak Formation of the central Alaska Range. recognized by the presence of clear or yellow muscovite and quartz. occurrence of pale-pink pyrope garnet and pale-green omphacitic Eclogites and eclogites: their diff R T
Upland. However, Cretaceous argillaceous sandstone, graywacke, and veining but is not spatially restricted to the quartz-bearing pyroxene are characteristic of this variety; (2) gamet- soc.(')flty of Ameﬁc:%::l;tinef 761 l:r:;;_essosand et ki i

- = A . ’ . , V. 76, p. :
cﬂ?:gli::::;::d o(:” i::];?:llz:hg:::,:;:ig:::_n 1989) have been mapped in structures. m;:mis::d-;a& t::,_ d;ﬁ:emc:::ﬁ::s—t to medium-grained, CALCAREOUS AmNDLmC G??lecwsrd- Daf‘:;sg.rccln cli.nop)rmxefnc-amphibolc be.aring rocks that oceur rgai:ly t:s pon DuscI-Be.ncc.m, Cynthia, Stern, T.W., Foster, H.L., and Bentz, J.L., 1979,

Small areas of tholeiitic basaltic rocks, including pillow basalts, 4) Late monomineralic veins with stibnite occur in gash veins and in :}Ztm“;fl‘c‘:;::’mm:;;:’:ﬁﬁ?;:i;; ::sf CZ“;‘;“:;:G :5; :;im';;iz thinly I:mlfnal;t:d am:n gaﬁsl;hv:: Va::‘ﬂm?;j ;:laa:::e:;;xen: anz 3 . ff;-'lmlﬂﬂlrg Bl;ﬁultzo‘; :lli augen gneiss study, Blg‘ Delta Quadranglej in
subaerial flows, and breccias, occur in the Fairbanks district (Birch Hill isolated podiform lenses. Post mineralization faulting offscts vein CALC-AMPHIBOLITE - Green to dark-green, fine- to medium- homblc‘ndc gamet, and minor cakite, plagioclase (Ansss), p:eemse:f'o i: ;;h t_;:en a:mphi bﬂ: g)’ gt anilibols D —- St ::;ni.n Ma;:: Am:;m}sﬁ:ﬂin ::s; Ec L:;;t;d Slat;s SCOiog!ca:
basall): Wholle.-mck.l.{-_Ar age determinations indicate that the Birch Hill sys}cms tl?mughout t!:e district. ) 0 s r grained, thinly laminated to massive siliceous calc-amphibolite. clinozoisilc,’ magnetite, pyrrhotite, and other sulfide minerals. Enassm and poorly foliated; lt:.e gamets contain euhedral 4 slaidris 30:1-3 s B§7.m9 uring : U. S. Geologica
basa_]t IS. Tertiary. Silicified Mct.asequma :runlfs and branches .pmen.l in a Syngcnetlcg?) z.mc, lead, snh‘mr, and gold mineralization is pr.e;scm in Unit contains gray to tan and green fine-grained, thinly laminated The protolith for the actinolitic greenschist was probably a basalt overgrowths on subhedral cores. i ; Forbes, R.B., 1982, with t;ontributions from F.R. Weber, R.C. Swainbank,
fossil soil zone between the schists and overlying basalts on Birch Hill are calcareous actinolitic greenschist (metamafic tuff) and graphitic and to thinly bedded metachert. or basaltic andesite = JM. Bri ’
also believed to be of early or middle Tertiary age. manganiferous schist (metachert) near the base of the Cleary sequence ) s s o 3 {M. Brittoa, and "‘M'. Bfm“” Bedrock geoiogy sad: petruingy of the

2 : . ] - : 2 : Ly sequ : - IMPURE MARBLE - Light- to dark-gray, coarse-grained, b, i | Fairbanks mining district: Alaska Division of Geological and

Tertiary sedimentary rocks, including _sxltstone, sandstone, and (fig. 2 sheet 2) in the Cleary Summit area. The massive sulfide horizons -PHYLLITIC SILTSTONE - Dark-gray to black, very fine - CHLORITE SCHIST - Dark-green to green, fine-grained, thinly massively bedded, light-brown weathering marble. Marble .9 Geophysical Surveys Open-file Report 169, 68
conglomerate, occur in small, isolated basins throughout the Yukon-Tanana contain variable amounts of pyrite, sphalerite, galepa, arsenopyrite, grained, thinly bedded phyllitic siltstone. Includes dark-gray to laminated, well-foliated, chlorite schist composed of chlorite, contains minor clgnopymxcne (diopside?), garnet, amphibole, L e e F g ” pcn-‘lc . i P-

Upland. All occurrences are nonmarine, and some sections contain coal and jamesonite, boulangerite, and stibnite. Locally, the massive sulfide brown fine-grained quartzite; dark-gray to black thin-bedded p]agioclas; (Ans.1s), epidote, calcite and quartz. Interbedded with hlogopite, and epidote. P oster, ;{L-, 1970, Rcc.onnaissancc gcolc:;g]c map of mc‘ Tanacross
minor basalt. mineralization is sheared and remobilized into discordant shear zones. slate; and minor light-brown to buff fine-grained felsic tuff. the chlorite schist are dark-gray to black, very fine grained, thinly 5 y ) ?ua P, MG S oDt T e

Large Cretaceous and Tertiary volcanic fields dominated by felsic An intrusive-hosted gold deposit 'Fort Knox,’' occurs near the bedded metachert layers. The protolith for the chlorite schist was CALCAREOUS MUSCOVITE SCHIST - Light-brown, to red- ; \ A F e Dyios Yop) T e Y0, 1 shee't‘ . 3
volcanic rocks (including welded tuffs) have been mapped in the Tanacross confluence of Monte Cristo and Melba Creeks and north of Gilmore Dome. probably a mafic tuff. brown, fine-grained, thinly laminated, schist with calcite, quartz, ! oster, I;}'-- Weber, F.R., and Dusel-Bacon, Cynthia, 1977, Gneiss dome in
and Big Delta Quadrangles by Foster (1970) and Bacon (1990, in press). This deposit may prove to be one of the largest gold-bearing mineralized Chena River sequence musco;'itc bioti te,gamct. and pyrite. ;r;e ng Del-;:; Cc4 Quadr.anglc, Alaska: U.S. Geological Survey Open-

systems yet discovered in the Fairbanks district. The Fort Knox deposit is - POTASSIUM FELDSPAR-BEARING WHITE-SCHIST - Light- ' ; N PR vt Al Y thane. :
Regional Tectonic History hosted in west-northwest-trending mineralized zones that are localized in Structurally above the Fairbanks schist-Cleary sequence is an interval of brown 1o light-gray and buff, fine- to medium-grained, thinly GARNET-FELDSPAR-MUSCOVITE-QUARTZ  SCHIST - _ 147° 00’ 00" Foster, H.L., Weber, F.R., Forbes, R.B., and Brabb,‘ E—E;-’ 1973, Regional
altered granodiorite-quartz monzonite. This type of gold mineralization may variable thickness containing dense banded amphibolite, tremolite marble, laminated quartz, muscovite, ¢ biotite, porphyroblastic schist. Medium- to dark-gray, fine- to medium-grained porphyroblasic 7] AN g\ i ’Y) geology of‘ the Yukon-Tanaz.la Upland.. A.laska, in Pitcher, M.G,, e.,d.,

The regional tectonic setting of the Yukon-Tanana Upland is be an important new exploration target in the Fairbanks district. coarse-grained garnet-muscovite schist, biotite-rich schist, micaceous Locally contains pink or light-gray porphyroblasts of potassium st ccntakitng game; porphyroblasts to 1 cm in diameter. 9 = % ; \ ; N AT TN 1NN : A e o0, Lt 1973, .‘_\muc Geology: American Association of Petroleum Geologists
dominated by the Tintina and Denali faults. Both of these right-lateral caleschist, and pale-green metachert. Mineral assemblages and textural feldspar to 3 mm in diameter and embayed blastophenocrysts of .+ P Sl : ~ N/ et (zj Sl el o)/ . C}.," 65 05’ 00 Memoir 39, p. 388-395. ,
strike-slip faults have large-scale displacements, bringing crustal blocks of DESCRIPTION OF MAP UNITS advancement in these rocks suggest they were metamorphosed to lower- quartz to Smm in diameter. The protolith for the potassium MUSCOVITE QUARTZITE - Dark-gray to black, fine-grained, + vt s o~ 2 S = . 3 : ; \ : . Y L, ;i Furs;: ‘G.A., 1968, (jjcol(‘)gy and pi?trolc.)gy of the Falrbani.:s basalts,
contrasting geology into juxtaposition (fig. 1, sheet 2). b : amphibolite-facies grade. feldspar-bearing white schist was probably a rhyolitic tuff. quartzite. Unit contains garnet, biotite, chlorite, an d graphite. % i I ‘ = A ﬁ A ! S 1 % B eos. ‘. . : = _ >~ i j1R8 g NN T S N . S tha;:;ar;;s;Alaska. Fairbanks, University of Alaska unpublished M.S.

The Yukon-Tanana block (Yukon-Tanana terrane of Jones and others, b —— - AMPHIBOLITE, CALC-AMPHIBOLITE, AND MUSCOVITE QUARTZ SCHIST - Light- Mot aiid bult 5 R % : : ! NN 2 (IARE \ Q} 0 | 1)1 Hall, M.H., 1985, Structural geology of the Fairbanks mining district, central
1987) is bounded on the northeast by the Tintina fault and on the southwest Qel | LOESS (WINDBLOWN SILT) - Medium light-brown to buft GREENSTONE - Green to dark-green, medium- to coarse- e oy g:a:r;ye oy ) Doy /) . By, Alaska: Fairbanks, University of Alaska unpublished Master of Science
by the Denali fault (fig. 1, sheet 2). It is bounded to the northwest by the : 3 2 : ; Gt . : : ; ibolite containin fife- 1o wery fias SESinAc, CRURCOVIN, SIS VSIS i i A thesis, 68 p., 2 plates.

i very fine grained, well-sorted, silty material deposited on hilltops grained, massive to thinly laminated amphibo on B and potassium-feldspar, quartz schist. The unit may grade upward \ i ]

Manley terrane and on the southeast by the Stikine terrane (Jones and S SR LR e SR R hornblende, plagioclase, quartz, gamnet, calcite, epidote, and : ; : .d ? AP oty f ¥ "o Howell, D.G., Jones, D.L., and Schermer, E.R., 1985, Tectonstratigraphic

others, 1987; and Howell and others, 1985). :m pper ; P e S : : ; e and into 2 thinly Iammal.c quartzite (metar.: ert?) in e Cleary "Oe ; S terranes of the circum-Pacific region. in Howell, D.G., ed,
p ocally, especially in lower slope regions where it has been biotite with accessory sphene, rutile, apatite, magnetitc, an Summit area. Protolith for the muscovite quartz schist was = : : : : 4

The oldest structural grain in the Yukon Tanana block trends to the reworked by slope p and mixed with organic material of zircon. Banded varieties probably are recrystallized mafic tuffs, cobably s felic pyroctastic or s callalie. 5 ! chtonos.trangraph.w tcn-anc.s of the circum-Pacific region: Houston,
northwest, but a superimposed northeast trend becomes increasingly the lower slope and valley areas. whereas massive amphibolites appear to  represent P Y S Texas, Circum-Pacific Council for Energy and Mineral Resources, p. 3-
dominant to the northwest. Folds with north-vergent axial planes and S metamorphosed tholeitic mafic flows. 48 ot 30.
northeast-trending axes transect the older structural grain at about 60°. The ! DREDGE TAILINGS - Coarse- to ve ty coarse grained, well- . = ’,_-" Soat T Jones, D.L., Silberling, N.J,, Coney, P.J., and Plafker, George, 1987,
later deformational episode occurred about 90 to 120 m.y., in the Fairbanks sorted gravel. Occurs in irregular, steep piles that are the result - TREMOLITE MARBLE - White to pale-green, medium- to X = 5 S //’ Lithotectonic terrane map of Alaska (west of the 141st Meridian): U.S.
area and was associated with the emplacement of mesozonal synkinematic of gold-dredging operations. coarse-grained tremolite marble. Unit is highly deformed and is = y ; o . Geological Survey Miscellaneous Field Studies Map MF-1874-A, scale
plutons and the formation of epigenetic ore deposits (Blum, 1983; Metz and a distinctive marker horizon in the Chena River sequence. It g : — = 1:2,500,000.

Hamil 1986; Metz and others 1987; and Metz, 1987). Qu | UNCONSOLIDATED DEPOSITS UNDIFFERENTIATED. occurs in most exposures of the sequence throughout the district. ! ! ?'{-_I' Koschmann, A.H. and Bergendahl, M.H., 1968, Principal gold-producing

Recent geologic mapping (Weber and others, 1978) and aeromagnetic Thicker exposures of this unit near Fox have been quarried for w / : (}i{istricts of the United States: U.S. Geological Survey Professional
studies show that the Yukon-Tanana block is transected by several ) . " ! R ; i < g S : i eport 610, 283 p.
northeast-trending faults. Several of these including the Shaw and Mansfield ‘:ﬂmlmp;fgf:;&?ﬁ&f@ﬁféﬂs:;cgaﬁg'lf;f; SRUETEIOR B SEpRp Mo % i o / g \Nz £\ g0 — Mertie, J.B,, Jr., 1937, The Yukon-Tanana region: U.S. Geological Survey
C.reek Faults, show left-lat::ral offsets and appear to be Iarge-s‘calc may contain organic material. Gravel and organic-rich finer - PELITIC SCHIST - Dark green-brown, brown, and light-brown, X 3 i AR _-::_“" s e i \\\ Bulletin 872, 276 p.
d:slocano.ns related to a possible shear couple between a locked or relatively grained deposits may be percnnially frozen (permafrost). coarse-grained muscovite-  biotite-garnet-quartz schist. Biotite 3 s - 4 ,l" Metz, P.A., 1987, Ore mineralogy and gold grain distribution in the gold-
slow-moving Tintina fault and more active displacement along the Denali : rosettes are common. Distinguished from pelitic schist of the s < g - ' ; silver-arsenic-antimony-tungsten mineralization of the Fairbanks mining
fault system. REWORKED SILT - Dark-brown to black, very fine grained, Fairbanks Schist unit by its silvery appearance, coarse grains, . 7 district, Alaska; in Vassiliou, A.H., Hausen, D.M., and Carson, DJ.T.,

organic-rich, valley-bottom accumulations Of reworked locss folded muscovite plates and brown garnet. 147° 53 45" : el of 2 eds., Process Mineralogy VII: Application to mineral beneficiation

GEOLOGY OF THE FAIRBANKS MINING DISTRICT (silt). May contain discontinuous layers and lenses of sand and g ,gs!""“ o 7 tschaalogy: si wiowsl esphcusiion, ‘wih apecil smplsh on

gravel. High organic content results in poorly drained, marshy METACHERT - Pale-green, gray, and brown, thinly banded i = disseminated carbonaccous gold ores: American Institute of Mining

The Fairbanks district is well known as one of the most important gold conditions in summer. Zones of discontinuous permafrost metachert and calc-silicate beds with appreciable amounts of o Engineers, Metallurgical Society annual meeting, February 1987, p. 247-
producing areas in Alaska. Since Felix Pedro’s initial discovery in 1902, the common. diopside and vesuvianite. Siliceous calc-silicate beds and greenish- = 262.

Fairbanks mining district has produced over 7.6 million troy ounces of gold, banded fine-grained metacherts are ubiquitous lithologies in the . : s Metz, P.A., and Hamil, B.M., 1986, Origin and extent of the gold, silver,
mainly from placer deposits. This production accounts for 25 percent of PEAT - Dark-brown to black, very organic rich valley-bottom Chena River sequence. %o 2 I '_ : L g ).,/ antimony, and tungsten mineralization in the Fairbanks mining district;
Alaska’s total production. The district has also produced significant accumulations. Perennially frozen and contains high ice content. 1500 . N NN\ A4 in Hagni, RD., ed. Process Mineralogy VI: Application to precious
amounts of antimony, tungsten, building stone, and aggregate. - CHENA SEQUENCE UNDIFFERENTIATED. . 8 e &, metals deposits, industrial minerals, coal, liberation, mineral processing,

Bedrock exposed in the district comprises three metamorphosed Intrusive Rocks (L M agglomeration, metallurgical products, and refractories, with special
stratigraphic packages, all in apparent thrust-fault contact. From oldest to ~ N emphasis on cathodoluminescence microscopy: American Institute of
youngest they are thf Chatlanika terranc, Fairbanks schist unit, Chean River Intrusive rocks in the district occur mainly as northeasterly trending o Mining Enginecrs, Metallurgical Society annual meeting, March 1966,
s, aud th.c Blrch Hilt Byoanen. o bodies of dark-gray to gray, fine- or medium-grained hornblende-bearing o Shenden

The Chataml_m tcrrane. . ‘the n.or‘them pat of S dtalet and granodiorite exposed near Pedro Dome, near Twin Creek, and near Monte C Metz,. P'A". SREUA, CJ'{ MR i, 15 TN, Bl Dibiios voiu aad
stru(iturally mr}u‘es the‘ Fairbanks schist "!mt .m presumed tlu:ust oontacl: !t Cristo Creek in the northern part of the district and near Eva Creek on S5 ; d;ssemm'ated gold‘ minczalimbion of the Fabanks minkeg district,
con.suts of e_ciogltlc van.ants‘, garnet amphibolite, _blac.k quartzutc, and pellt{c Ester Dome in the southwestern part of the district. The second dominant [ A!aslfai in Proceedings of Pacific Rim Congress 87: Australian Institute
schist of epidote-amphibolite- and garnet-amphibolite-facies metamorphic intrusive rock type in the district consists of light-gray, coarse-grained, {. - of Mining and Metallurgy, Victoria Australia, p. 333-342.
grade (Swainbank, 1970; Swainbank and Forbes, 1975; Brown and Forbes, multiphase porphyritic quartz monzonite-granite that occurs on Gilmore f Péwe, TL., Bell, J.W,, Forbes, RB., and Weber, F.R,, 1976, Geologic map
1984). Do and-aear Tiwia Cresk [ of the Fairbanks D-2 SE Quadrangle, Alaska, scale 1:24,000, 1 sheet.

The Fairbanks schist unit is the dominant rock unit exposed in the Swainbank, R.C., 1970, Geochemsitry and petrology of ecologitic rocks in
Fairbanks mining district and consists of brown- to g;ray-qual:tzi.te and ALTERED INTRUSIVE ROCKS - Light- to dark-gray, buff and the Fairbanks area, Alaska: Fairbanks, University of Alaska,
muscovitequartz schist with local variants containing garnet, biotite and brown, fine grained, locally porphyritic dikes, plugs, and breccia PzBew, unpublished Ph.D. thesis, 130 p.
chlorite. Mineral assemblages in this 1,200 m-thick unit are indicative of dikes. Highly altered. Contain disseminated sulfides. Ay Y g Swainbank, R.C., and Forbes, R.B., 1975, Petrology of ecologitic rocks from
greenschist-facies metamorphic grade. Interstratified near the center of the i — - 64 ° 59 00" the Fairbanks area, Alaska: Geological Society of America Special
Falrbank:s schlsf unit is a scquence ‘of anable thlcknes_s that o.o?:tams - APLITE PEGMATITE DIKES - Light-gray to gray and tan, fine- - Paper 151, p. 77-214.
mte‘rlcl_as?mg felsic M- laminated ?rlutc TRICAEEONS RRTIEME, chloritic and to very coarse-grained aplite. Commmonly found adjacent to N 7 / 147 ° 00’ 00" Weber, F.R., 1989, ‘?N’OEY between Fairbanks and the Yukon River, east-
actmc_ﬂ!nc greenschist, graphitic schist, minor metabasite and metarl'iyohte, porphyritic phases of granodiorite and quartz monzonite. Aplite e 7 central Alaska; in Schmidt, R.A.M., Nokleberg, W.J., and Page, RA.,
calc-silicates, banded gray marble, and significant amounts of quartzite and composed of potassium feldspar (36 percent), quartz / J Q eds., 1989, Alaska Geological and Geophysical Transect, Field Trip
muscovite-quartz schist. This unit, known as the Cleary sequence (fig. 2, (31 percent), plagioclase (30 percent), muscovite (1 r::ent) ikt = 2 : Guidebook T104: American Geophysical Union, p. 84-95.
sheet 2), may be largely of distal volcanogenic origin. 2 4 ’rgetg‘ S p:itc zil;:on i ruti]fe(z rc’ent) / Y2 Weber, F.R., Foster, H.L., Keith, T.E.C., and Dusel-Bacon, Cynthia, 1978,

Structurally above the Fairbanks schist - Cleary sequence is the Chena U:nil w:iagi:ls Ial speuhec'lrale i;u; of ar;m G5 o dpe "2 ir; y : : Preliminary geologic map of the Big Delta Quadrangle, Alaska: U.S.
River sequence, a unit of variable thickness containing dense banded oy T Do;g: i - & s pn ﬁ‘ b Geological Survey Open-file Report 78-529A, scale 1:250,000, 1 sheet.
amphibalite, tremolite marble, coarse-grained garnet muscovite schist, P ] < s
biotite-rich schist, micaceous calcscihist‘am.i pale green metachert Minefal 2 ‘,' QUARTZ MONZONITE-GRANITE - Medium- to light-gray, Tr
assemblages and textural maturity indicate lower amphibolite facies : 7 A : 5 -

A medium- to coarse-grained, porphyritic quartz monzonite-granite. g
metamorphic grade. Domi g : 3 ) e
: Z = - ' ominant rock type in the Gilmore Dome pluton. Composed of b :
Stratigraphically overlying the Chena River sequence in the southern : "
S i - o f i plagioclase (Anz.47)(36 percent), phenocrystal and glomero- e :
part of ic distict is tl?e B.mh Hill slequencc eo‘nststmg of phyllitic sultstt:mf. porphyritic quartz (30 percent), potassium feldspar (28 percent), = . i I\
a.:alc-schnst, calc-a.amphlbo‘lutc, quartzite and minor felsic tuff. Thc unit is biotite (4 percent), and accessory muscovite, sphene, apatite, " el f 7 &
intruded by and is overlain by basalts of Late Cretaceous or Tertiary age. zircon, and rutile (4 percent). Porphyritic phases contain coarse ~

Table 1 (sheet 2) lists the results of major-oxide chemical analyses of subhedral to euhedral phenocrysts of orthoclase that compose up
samples of various metamorphic rock types in the Fairbanks district. These to three-eighths of the rock. /
analyses reflect a wide range of chemical compositions contained within the \ :' 3
individual metamorphic rock packages. % § _ _ \l 7 z A

Table 2 (sheet 2) contains trace-element contcentrations for the same e g : ' ARANE L £ 1 = ¥
metamorphic rock samples contained in table 1. These data reveal the high o AR & e s
trace-metal content of rocks in the Cleary sequence, particularly with t e { - CORRELATION OF MAP UNITS
respect to gold, arsenic, and antimony concentrations contained in 3 4 s E \ '
representative metavolcanic rock units. 5 ; -:, . i | _ -a: ] .

Trace-element concentrations in samples of skarns and hornfels in table 2 2 i\ — Teb ' : .’ J { : "I Untaneristied Depakis
2 are high possibly because the samples, which are part of the Cleary ; g & 5 e Fo
sequence may reflect original trace metal concentrations in these rocks prior S . TN\ 5 & h 1 ) . ks ol S % & 1.8
to thermal metamorphism. o R [ 2 . b = Tt e P 28 A b . o

Intrusive igneous rocks in the Fairbanks district occur mainly as " "\::“"' o0 i i} BEg p {3 ) IE i §
northeasterly trending bodies of multiphase, dark-gray, fine- to medivm- L S 71 @ any S G o .\ 5 IR i . . : = ) Y4 ' S Igneous Rock Units o
grained porphyritic and equiganular, hornblende-bearing granodiorite o 1y - Jf i e s z < S § ¥ £l 7]
exposed near Pedro Dome, near Twin Creek, near Monte Cristo Creek in A ¥ i 1 i % i ¥ ! “\_\ \ X 2 ]
the northern part of the district; and near Eva Creek on Ester Dome in the p - _;.-.‘:'},\ ) oo\ e of R AN : } Rkl > - Sy o
southwestern part of the district. Light-gray, coarse-grained, multiphase 3 Ll T S )3 =N )\ e 28 | 9=
porphyritic quartz monzonite-granite is the dominant rock type on Gilmore - 2 | "‘a,. % _-'fg_; oy ' fooN uil ‘ Tl i B | e 1 T - = E E —'g S
Dome, in the central part of the map area. Numerous small plutons or | S i° X EF. el 4 . > ' : ] g |\ Creer | A oF N S
hypabyssal bodies of felsic to intermediate composition occur throughout ¢ : T o ;" : z | S - m 22 o (3
the district; their age and relationship to the larger intrusions are not 148 " 15’ 00" t __,ij ; 1 I e e e o
known. @ ! /) ; Y e ; , 23, i s

Field and geochemical evidence suggests a mesozonal level of o 1 LA e S A & P : ! 2
emplacement for the large intrusives near Pedro and Gilmore Domes I =S TN e =4 i - o ". b/, Ay . ARG 2/ Metamorphic Rock Units - -

(Blum, 1983). Cross-cutting relationships on Gilmore Dome and at Twin | Wi gigE o 7 AN > 05 7 7 TN W ALY ) | o T N~ e X | dad A 7 2 = > e

Creek indicate that the porphyritic quartz monzonite-granite is younger ) s N & : g S ' 5 1 Bi i

than the hornblende-bearing granodiorite. Inclusions of granodiorite in -A,, 30 ; g 8 S | Hapi \OF Ao a X : i — | Birch Hill QFE Ity
: : ’ e : X SEAN - A B ] \27 : / o B3 . L (= i sequence K< B

quartz monzonite-granite at Gilmore Dome also support this interpretation. A o\ R ! 7 : b Soilh s A5, . L8 ; " ¥ ea Q

Available K-Ar ages for granodiorite of the Pedro Dome stock range from 3 755 = d ‘ W, ‘ H ot > L5k ) - L8221 o

91 to 93 m.y. (Blum, 1983). Isotopic data have yielded a Rb-Sr isochron age N 5 > g i - 7 qwap’ 7 g ) 'EE -

of 91 Ma for samples from the Pedro and Gilmore Dome stocks (table 3, [I™ ASigic i gy . N - AP 5 £ / WA ¢ L~ Sy o _ Chena River aé} &

sheet 2). Figure 3 (sheet 2) is a Rb-Sr isochron diagram for intrusive rock 7 : N ]| : AT O S ) o) j Ci e - i i

samples from the Fairbanks mining district. The slope of the isochron and S A : 2 A : - 4 1 = e g . 5 ¢ ! L'—\.\f G =

therefore the apparent age and initial &’Sr/%Sr ratio of the samples are 31 | / __ ""*_" ¥ o 4 9 T h ‘;,1‘: Wil .-‘} o 8 CNY I &g 5 LOCATION INDEX - 2l

constrained by a single analysis of a sample from an aplite dike from 7 4 ; N % 3 X 5 310 4 e - 33— oy z B - ]

Gilmore Dome. Any variance in the &Sr/%Sr ratio of that sample will ; AN e Z Qe / TiA B e : (2 . \ ! ° 5 \l S s 10 Fae e - 147° L g

greatly affect the apparent age and initial ¥Sr/®Sr ratio given by the 5 D S NN ’_\"\ kY ¥ 3 gl : { : £ Ai o , i€

isochron. Further work on the age of the intrusives within the district is ) I 7 SHE 3« : ; ! Lakes ) oL, i F e l) % N - Fabh s S 4 s &?dm?e _ Fairbanks o0

clearly needed. \ _ { ; < wAVA ; : 1A o ! iy P B % ; 5 QuThé;ana Circle < Schist  — | Cleary B S5

Petrochemical and mineralogical criteria suggest the quartz monzonitic- Va r , AV A : o't X 2 7 5 e 4 e : < \;{ B i ot S QL } - ez adrangle Quadrang unit REgnsmes bop = N
granitic rocks may be S and I type granitic rocks (Chapel and White, 1974), N L, 6 . O T R P ; M, T { Hill g ~ Ey S e 65° 65° S 2 ‘E 2 8
whereas the hornblende-bearing granodiorite has characteristics of I-type ey : ShEngiivel B2 € N 37 = St Pz 2 2 f 3 1 \\* R g w0 2 5 - o ~ = 36 | 8w
intrusives. Table 4 (sheet 2) lists major-oxide chemical analyses and & : i ot ~ e gt 7 ik Vi ' I RN 4 v T m"\\\; Gy ! | Kantish . - = § - Ep"
normative mineral compositions for intrusive igneous rocks in the district. B A R e ., o S 3 S Al e = 133 A Wil . . ki T { ! . o - A By st - ¥ S M” i i r,) inasdf-'a l}mr . No implied °F S o
Figum 4 (sheet 2) shows the location of samp]gs‘ 72 S G Lo . - — — I " B = '_‘__.', B e - X g ! o SAREL s \‘__ e o _. = {1 _______ :\ S iy = ____61& Cabin angle Fairbanks stratigraphic relationshipe & .3 E 3

The regional structural evolution of the Fairbanks area is dominated by e N 3 = Y : D v ] -2 "'i:.\ e gy A \ c - picssisine: = | Cnhatanika 3
at least two episodes of folding. The first resulted in synmetamorphic, o (\ : TELL 2 =~ E = & il i 3 SRR R 2 - Yag oy 2 ¥ _ ™ terrane
overturned to recumbent, subisoclinal, northeast-verging folds with 7 Qel| xb25 AN o ] ] g H N 2 - } P s oakenng ¥y . < i = SETE Mt. McKj -
wavelengths to about 300 m and northwest trending axes. The second event # i Bk sy : e = 2 L b = | - 19 G 10 L % 12 i 7 NG 3 8 Qiladf-g inley Healy

! ik ; : =i = : e - ta gt H e o ngle Quadrangle - -
folded the previously metamorphosed units into a series of broad northeast- ! i 2o, _cyrdl ‘J' Se3 B N i 1 : o Al e —aeeg P, o ;
trending open folds (Swainbank, 1970; Hall, 1985). Local structures include e B NG ' — p o 5 - '='§’ e —* 0 e Hil R b . leeesy A4S Al § i o ! 6°
small-scale folds, faults, joints, shears, and ’crush zones,’ which typically Je, 5 M S A = 2 B i 3F )' D';\ r [ 7 1. D | it 7 < vt D A ol (R o 153° 150° 147° 144°
cluster in north-south and east-west trending subparallel sets and are [ %) ! ] ' ' £ W & | _‘!- £y - e
variable in length up to 1.2 km long. Both sets of crush zones have a close : 4 1 [ . i~ Sy < 3 L [hm e 5 :': . 4 ¥ "
spatial and genetic relationship to discordant gold, antimony, and arsenic 458 i . 17 2 18 4 . seneee 16 ;- eKidey .. | =N
mineralization in the district. L | £ i it B e B LR = ; g = v 14 - O| ST N

Figure 5 (sheet 2) shows the distribution and orientation of 24 vein y e iC fee St <l 17 _‘;“ AR, i ! SRR 1 4. -l X -1
systems in the Ester Dome area. The vein systems generally trend between : == kel v P ? 4 o ¥ 454 ; “ag i . :\ \ s
N.30 W. and N.30 E. and dip relatively steeply to the east and west. R { b op i 4 = e e RT = 7 : s Wiy s ol Tl
The vein systems appear to cluster in distinct areas which may be due to N-— : ik = 7 i : A % e RA ._|o i 1 ; i o ! 3 I o it ) ir CROSS SECTIONS
intrusive centers beneath them. For example, the vein cluster near the Ryan N _ N, —P2Pf] ~ A A7\ . W NS /| 8 AIRPORT | i i - o RiCHagy I : _‘“‘?ﬁ”‘::"'ﬁ{' i
Mine (fig. 5, sheet 2) occurs just north of a recently recognized mineralized N T =" s s <525 DI A A = /] 2N : ' ) 9 : | ‘f;'_:'! AV P > 2%, | A’
intrusive body composed of variably altered and sheared hornblende o CNST A / | 9 okt g i Sk 5000 feet
granodiorite(?) and granite (?). The intrusion is cut by a well-developed e = \ ) i o i H : 1500 meters
stockwork of quartz veinlets, some of which contain chlorite and white mica . I e Big Eldorado Creek Goldstream Creek
selvages, arsenopyrite, antimony, and gold. Several other vein clusters may 3 i Qel Qel  PzBeg PzBcim
reflect undiscovered intrusions at depth. 1 b ‘I PzBew

Figure 6 (sheet 2) shows the distribution of 31 vein systems east of the £ g e l Qu
Cleary Summit area in the northern part of the district. Most of the <. 30 E 5l
historical lode production of precious metals and antimony (Chapman and : Sea Level
Foster, 1969) in the Cleary Summit area has come from vein systems that ! . z Sea Level

J ; 3 4 No Vertical Exaggeration
occur along the northern limb of the assymetical east-northeast-trending |
Cleary anticline (informal nomenclature, this report). These vein systems
appear to be conjugate shears that formed as a result of fracturing near the
crest of the Cleary anticline. Although the vein systems in the Cleary ’
Summit area also exhibit distinct clustering, as in the Ester Dome area, they B
appear to be concentrated near culminatons and depressions along the axis Cleary Summit PzBcs Gilmore Dome
of the Cleary anticline (R.C. Swainbank, personal commun., 1990). The Cleary Creek Elewry Ceeek PzBcw PzBcim \,le!cg : PzP 1500 meters
culminations and depressions manifest themselves as b lineations (trend and Fafony FaSow \ PzBccs PzBcg | \ PzBcim FZEFim c]a,zgc i
plunge of the axial trace of small crenulations) in the plane of strike and dip B ‘;‘ PzEcm\PzE”\ PzEcs PzEcg ‘ | PzPes o / Pe
of schistosity and may reflect crossfolding and resultant ’egg crate’ style Qht Qel PzPfs \ | B - [
folds.

Field relations and structural fabric orientations (Hall, 1985) suggest

that the Fairbanks schist structurally underlies the Chena River sequence :
3 % - A i Sea Level
and Chatanika terrane. Intrafolial folds, intensely flattened crenulation No Vertical Exaggeration
cleavage, and recrystallized porphyroblasts demonstrate the intensity of
deformation associated with second-generation (F;) folding along northeast
trends.
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