
Division of Geological & Geophysical Surveys 

PUBLIC-DATA FILE 93-3 

LAND SELECTION UNIT 3 (HEALY, MOUNT HAYES, TALKEETNA MOUNTAINS, 
AND GULKANA QUADRANGLES): REFERENCES, MAJOR OXIDE, AND 

GEOCHEMICAL DATA 

by 

K.H. Clautice, T.K. Bundtzen, and S.A. Liss 

May 1993 

THIS REPORTS HAS NOT BEEN REVIEWED FOR 
TECHNICAL CONTENT (EXCEPT AS NOTED IN TEXT) ORFOR 

CONFORMITY TO THE EDITORIAL STANDARDS OF DGGS. 

Released by 

STATE OF ALASKA 
DEPARTMENT OF NATURAL RESOURCJS 

Division of Geological & Geophysical Surveys 
794 University Avenue, Suite 200 
Fairbanks, Alaska 99709-3645 



CONTENTS 

. . Page 

Introduction .............................................................................. 1 

...................................................................... Geologic summary 1 

....................................................................... Index map Area 5 3 

........................................................ Geochemical analyses of rocks 4 

............................................... Detection limit and analytical method 10 

........................................... Location and description of rock samples 11 

................................................................... Major oxide analyses 13 

......................................... Normative minerals and gold discriminants 14 

.............................................................. Normative mineral ratios 15 

.................................. Location and description of major oxide samples 16 

Select bibliography 

................................................ Mount Hayes Quadrangle 17 

.................... .............. Talkeetna Mountains Quadrangle .. 19 

......................................................... Healy Quadrangle 22 

...................................................... Gulkana Quadrangle 26 

........................................................................ Other 27 

In pocket 

Plate 1. Sample locations. northwest portion of land 
selection area 3 (Healy Quadrangle) . 



This report covers Land Selection Unit 3 in south-central Alaska. It includes data compiled and used as 
part of a mineral evaluation of land remaining to be selected by the State of Alaska from its entitlement 
under the 1959 Alaska Statehood Act. The assessment was accomplished using previous publications and 
2 days of field work by the authors in 1991. 

Included herein is a select bibliography of geological literature, geochemical analyses and major oxide 
data with calculated normative minerals and gold discriminant values. 

Normative minerals were calculated using the UAFtPETCAL program that is a modified version of a 
CIPW Normative calculation provided by the Nevada Geological Survey. The program is written in 
BASICA, and has been modified by L.E. Burns. 

The discriminant scores presented in this report are a reflection of how similar the sampled rocks are to 
other systems which form gold deposits around the world. The score is based on the discriminant 
functions developed by Newberry and Burns (1989) and discussed in detail by Burns and others (1991). 
The discriminant functions statistically determine the extent to which the composition of an unaltered 
sampled plutonic rock resembles major-oxide compositions of unaltered plutonic rocks associated with 
gold deposits worldwide. 

The discriminant score is a number between 0 and 100; a score of 100 indicates that the composition of 
the sample is indistinguishable from those of gold-associated plutons; a score of 0 indicates the opposite. 
The score is not directly proportional to the amount of gold present and does @ indicate that there is 
gold at the sample site, but it is a good estimate of whether the sample belongs to a plutonic svstem that 
had the capability of depositing gold. 

Some important limitations which must be considered in the interpretation of the scores are: 
1) Only analyses from relatively unaltered rocks can be used. 
2) Rocks from porphyry Cu-Mo deposits (because of alteration) and aplites will both typically have a low 
discriminant score, even though they may be from systems that are related to gold. 
3) Discriminant scores are not given for alkalic (nepheline-normative) rocks, but these rocks may be 
related to gold. 
4) A small percentage of plutonic rocks may appear to be related to gold systems when they are not. 
5 )  Since gold deposits appear to be concentrated in the country rock just above a pluton or in the 
uppermost part of a pluton, and the areal extent of plutonic exposure generally increases with depth of a 
given pluton, a large, deeply eroded pluton would be less likely to host gold even if the pluton had a 
highly favorable score. 

GEOLOGIC SUMMARY 

Unit 3 encompasses almost 3.9 million acres in the Healy, Mt Hayes, Talkeetna Mountains, and Gulkana 
Quadrangles and includes lands along the Denali and Richardson Highways. 

The area is composed of three major geologic terranes in fault contact with one another. From north to 
south these include (1) mid-Paleozoic to Precambrian schist terrane of sedimentary, volcanic, and igneous 
origin; (2 ) Jurassic and Cretaceous marine clastic sedimentary rocks of lower greenschist to amphibolite 
facies metamorphic grade intruded by plutonic rocks 55 to 70 million years ago, and (3) a Permian to 
Triassic volcanic arc of greeschist metamorphic grade. 

The most significant known deposit within Unit 3, the Valdez Creek placer mine, has produced 
approximately 392,000 oz of gold and contains reserves of about 257,000 oz. Near the Valdez Creek 



mine, lode gold occurrences, thought to be formed by metamorphic processes, occur in a belt of rocks 
that extends over 100 mi across Unit 3. Both the Valdez Creek mine and the metamorphic gold belt lie 
with the Jura-Creatceous geologic terrane of the western and east-central portion of the area. Other 
deposit types that may occur within this terrane are associated with intrusive rocks and include gold veins 
within granitic rocks, tin greisen, and copper-molybdenum porphyry deposits. 

Permian to Triassic Tetelna-Ampitheater volcanic arc deposits along the southern and eastern portions of 
Unit 3 host numerous mineral occurrences and deposits. The Denali Copper prospect is reported to 
contain 2 million tons of 5 percent copper and up to 0.44 oztton silver. This sediment-hosted, basalt- 
related copper deposit suggests the potential for similar deposits with the region. Basalt-related deposits 
are indicated by numerous basalt-hosted copper occurrences, prospects, and limited copper production. 
Copper-gold skam potential is shown by the Zackly deposit with estimated inferred reserves of 1.25 
million tons grading 2.6 percent copper and 0.2 ozlton gold. Copper, gold, and platinum occurrences 
within ultramafic rocks in the region indicate a potential for magmatic sulfide deposits and platinum-gold 
placers. 

In addition there is evidence that polymetal massive sulfide veins and porphyry copper deposits may also 
occur here. Several polymetal massive sulfide occurrences just north of the unit suggest the potential for 
this type of deposit within the schist terrane along the northern part of Unit 3. 





GEOCHEMICAL ANALYSES OF ROCK SAMPLES 

Sample Id. Au Ir Ag Zn Mo Ni Co Cd As Sb Fe Se 

AnalyMeth INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA 
Units PPB PPB PPM PPM PPM PPM PPM PPM PPM PPM PCT PPM 

Lower Llmit 5 100 5 200 2 20 10 10 1 0.2 0.5 10 

Upper Limit 10000 1000 100 20000 20000 20000 20000 2000 10000 5000 10 2000 



Sample Id. Te Ba Cr Sn W Cs La Ce Sm Eu Tb Y b 
AnalyMeth INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA 

Units PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 
Lower Limit 20 100 50 200 2 1 5 10 0.2 2 1 5 
Upper Limit 2000 20000 20000 20000 2000 10000 10000 10000 2000 2000 2000 2000 



Sample Id. Lu Sc Hf T a  Th U N a  Br Rb Zr Ag Bi 
AnalyMeth INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA ICP A A 

Units PPM PPM PPM PPM PPM PPM PCT PPM PPM PPM PPM PPM 
Lower Limit 0.5 0.5 2 1 0.5 0.5 0.05 1 10 500 0.5 1 
UpperLimit 2000 2000 2000 2000 2000 2000 10 1000 10000 10000 50 2000 



Sample Id. Cu Zn Mo Ni Co Cd As Sb Fe Mn Te Ba 
Analy Meth ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP 

Units PPM PPM PPM PPM PPM PPM PPM PPM PCT PPM PPM PPM 

Lower Limit 1 2 1 1 1 2 5 5 0.01 5 25 5 

U~wer Limit 20000 20000 20000 20000 20000 2000 2000 2000 10 20000 2000 2000 



Sample Id. Cr V Sn W Li Ga La Ta Ti Al Mg Ca 
Analy Meth ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP ICP 

Units PPM PPM PPM PPM PPM PPM PPM PPM PCT PCT PCT PCT 
Lower Limit 2 2 20 20 2 10 5 5 0.01 0.01 0.01 0.01 



Sample Id. Na K Nb Sr Y Zr P b Sn 
Analy Meth ICP ICP ICP ICP ICP ICP A A XRF 

Units PCT PCT PPM PPM PPM PPM PPM PPM 
Lower Limit 0.01 0.01 5 1 5 5 2 5 
Upper Limit 10 10 2000 2000 2000 2000 10000 10000 



DETECTION LIMIT AND ANALYTICAL METHOD 

ELEMENT 

Gold 
Iridium 
Silver 
Zinc 
Molybdenum 
Nickel 
Cobalt 
Cadmium 
Arsenic 
Antimony 
Iron 
Selenium 
Tellurium 
Barium 
Chromium 
Tin 
Tingsten 
Cesium 
Lanthanum 
Cerium 
Samarium 
Europium 
Terbium 
Ytterbium 
Lutetium 
ScandiumScal 
Hafnium 
Tantalum 
Thorium 
Uranium 
Sodium 
Bromine 
Rubidium 
Zirconium 
Silver 
Copper 
Zinc 
Molybdenum 
Nickel 
Cobalt 
Cadmium 
Arsenic 
Antimony 
Iron 
Manganese 
Tellurium 
Barium 
Chromium 
Vanadium 
Tin 
Tungsten 
Lithium 
Gallium 
Lanthanum 
Tantalum 
Titanium 
Aluminum 
Magnesium 
Calcium 
Sodium 
Potassium 
Niubium 
Strontium 
Yttrium 
Zirconium 
Leak 
Bismuth 
Mercury 
Boron 
Tellurium 
Tin 

idium 

LOWER 
DETECTION LIMIT 

5 PPB 
100 PPB 

5 PPM 
200 PPM 

2 PPM 
20 PPM 
10 PPM 
10 PPM 
1 PPM 

0.2 PPM 
0.5 PCT 
10 PPM 
20 PPM 

100 PPM 
50 PPM 

200 PPM 
2 PPM 
1 PPM 
5 PPM 

10 PPM 
0.2 PPM 

2 PPM 
1 PPM 
5 PPM 

0.5 PPM 
0.5 PPM 

2 PPM 
1 PPM 

0.5 PPM 
0.5 PPM 

0.05 PCT 
1 PPM 

10 PPM 
500 PPM 
0.5 PPM 

1 PPM 
2 PPM 
1 PPM 
1 PPM 
1 PPM 
2 PPM 
5 PPM 
5 PPM 

0.01 PCT 
5 PPM 

25 PPM 
5 PPM 
2 PPM 
2 PPM 

20 PPM 
20 PPM 
2 PPM 

10 PPM 
5 PPM 
5 PPM 

0.01 PCT 
0.01 PCT 
0.01 PCT 
0.01 PCT 
0.01 PCT 
0.01 PCT 

5 PPM 
1 PPM 
5 PPM 

55 PPM 
2 PPM 
1 PPM 

0.01 PPM 
10 PPM 

0.2 PPM 
5 PPM 

EXTRACTION 

HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HF-HN03-HC104-HCI 
HN03-HCI Hot Extr. 
HN03-HCI Hot Extr. 
HN03-HCI-SnS04 
NaOH Fusion 
Multi Acid - MlBK 

METHOD 

Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Inst. Neutron Activ. 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Ind. Coupled Plasma 
Atomic Absorption 
Atomic Absorption 
Cold Vapour AA 
DC Plasma Emission 
Atomic Absorption 
X-Ray Fluorescence 

Samples were analy-ed by Bondar-Clegg & Company Ltd., 130 Pemberton Ave., North Vancouver, B.C. V7P 2R5 (604)985-0681 



LOCATION AND DESCRIPTION OF ROCK SAMPLES 

SAMPLE LONG (W) LAT (N) BRIEF FIELD DESCRIPTION 

63.1 53 Iron-stained, leucocratic, biotite K-spar paragneiss and schist,very heterogeneous, some sulfides 

63.1 53 High-graded chips over 40 meters of ferruginous, biotite schist, minor pyrite 

63.166 Light gray, very fine grained quartz porphyry dike, 2 m wide,trending N55W 

63.1 66 Several felsic dikes intruding schist, N56-64W trend 

63.137 Chiplchannel sample of Deadman Prospect, a prominant N55-70W trending quartz vein 1 to 2.5 m wide and tracable for at least 200 m. 

Aspy as masses and grains in qtz, minor py. Near vein margin is greenish fine-grained 'andesite' dike 

63.1 37 

63.137 

63.137 

63.021 Chip sample of hornfels, breccia, and quartz vein rubble 

63.019 Chip sample of hornfels rubble with conspicuous ferricrete gossan and minor quartz veining 

63.1 04 Silicic, pyrite-rich Tertiary felsite 

63.1 04 Ferricrete-stained quartz vein (20 cm wide) cutting Tertiary felsite 

63.1 04 Pyritic quartz vein swarm in Tertiary felsite 

63.031 Black, sheared meta argillite of Kahiltna Terrane 

63.038 Phyllitic, light green, tuffaceous shale interbedded with dark gray carbon-rich, silty siltstonelshale 

63.038 Shale and minor sandstone with abundant sulfur staining and ferricrete coating 

63.063 Hydrothermally altered, sheared metasandstone and slate of Kahiltna Terrane with disseminated pyrite (3-15%) and quartz veining 

63.063 Sheared meta sandstone, strong sulfur staining 

63.099 Quartz vein at antimony prospect 

63.099 Felsic dike at east end of prospect pit at antimony prospect 

63.1 34 Felsite dike 

63.033 Pegmatite dike (112 m thick) trends N l  OW for about 30 m 

63.1 52 Dark orange weathering felsite dike with finely disseminated aspy?, 

63.1 52 Felsite dike with finely disseminated aspy? 

63.1 57 Vuggy quartz with arsenopyrite in frostboil 

63.157 Clay-altered zone with disseminated arsenopyrite (to 20%) along margin of 7 m wide felsite dike in quartz biotite gneiss, abundant quartz veining 

63.157 lron-stained gneiss near felsite dike 

63.1 62 Pegmatite dike 



63.146 1-2 rn wide drusy quartz vein (N 50 W), 200 rn long, with aspy, intruding bte qtz schist; andesite, felsite, and bte granite dikes in area. Deadman Prospect 

63.047 Yellow-orange salts on joint surface (N50W strike) of ferruginous black argillite 

63.1 01 Ferruginous black shale with quartz vein near antimony prospect 

63.062 Mafic, aphanitic dike, 7 m wide, N 68 W strike, intrudes biotite granite 

63.148 Pyritic quartz vein 

63.148 Pyritic quartz veining in schist/gneiss 

63.1 48 Aplite dike, N 87 E, 10 m wide 

63.1 04 

63.052 Ferruginous black argillite, hornfels zone 

63.1 04 Pyritic quartz vein 

63.081 Ferruginous argillite 

63.065 High grade of antimony ore from prospect 



MAJOR OXIDE ANALYSES 

S102 AL203 FE203 FEO MGO CAO NA20 K20 TI02 P205 MNO BA RB 

PPM PPM 

Y NB LO1 SUM 

PPM 

73 

248 

252 

78 

125 

PPM PPM 

16 215 

79 82 

16 354 

46 653 

12 129 

PPM 

<10 

38 

38 

36 

19 

PPM 

14 

15 

21 

28 

< I 0  

*Analyses by X-RAY Assay Laboratories, 1885 Leslie Street, Don Mills, Ontario M3B 3J4 (41 8)445-5755 

**XRF W.R.A. sums include all elements determined. For summation, elements are calculated as oxides. 



NORMATIVE MINERALS AND GOLD DISCRIMINANT 

NORMATIVE MINERALS 

QTZ CO OR AB AN DlOP HYP MT HEM I LM AP AU DISC* 

* Gold discriminant scores are described within the text of this report. 



NORMATIVE MINERAL RATIOS (after Streekeisen and LeMaitre, 1979) 



LOCATION AND DESCRIPTION OF MAJOR OXIDE SAMPLES 

BRIEF FIELD DESCRIPTION 

Biotite granite dike 

Weathered granite, very marginal major oxide 

Granite 

Quartz diorite 

Granite 

Felsite dike 

Garnet-bearing aplite dike 

Fine-grained biotite quartz diorite 

Medium-grained hornblende biotite quartz diorite 

Fine-grained alaskite dike 

Fresh, dark gray porphyritic mafic dike 

Greenish, fine-grained hornblende biotite 'andesite' dike 

Medium- to coarse-grained biotite granodiorite 

Medium-grained biotite granodiorite 

Green-gray, fine-grained, biotite hornblende diorite dike 

Medium-grained, equigranular, biotite granite 

Fine-grained diorite dike 

Slightly foliated, biotite quartz monzonite 

Equigranular biotite granite 
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