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STUDIES RELATED TO CUSMAP

This report presents the results of analyses of rock samples that were
collected in a geochemical survey of the Dillon 1° x 2° quadrangle, Montana-
Idaho. Geochemical samples were collected as one of several multidisciplinary
studies associated with the Conterminous United States Mineral Appraisal
Program (CUSMAP).

INTRODUCTION

Rock samples were collected as part of a reconnaissance geochemical
survey that was conducted in the Dillon, Montana-Idaho, 1° x 2° quadrangle
from 1978 through 1981, Additional rock samples were collected from the
adjacent Butte and Dubois 1° x 2° quadrangles.

The Dillon quadrangle comprises about 11,000 mi 2 (17,700 kmz) in Montana
and Idaho. Dillon is located from 45°00'00" to 46°00'00" latitude and
112°00'00" to 114°00'00" longitude. Additional samples were collected from
the Butte 1° x 2° quadrangle to a northernmost latitude of 46°15'00".
Likewise, samples were collected from the Dubois 1° x 2° quadrangle to a
southernmost latitude of 44°30'00". Access to the study area is provided on
the north by Interstate 90 and by Interstate 15 on the south.

The Dillon quadrangle contains complex thrust-faulted terranes of
Precambrian and Phanerozoic sedimentary rocks on a Precambrian crystalline
basement. These terranes were intruded by calc-alkaline batholithic rocks in
the Mesozoic. Mesozoic-Tertiary volcanic rocks are also found in the area.
During the Tertiary, large grabens were formed that are presently filled with
volcanic rocks and fluvial sedimentary rocks.

The topographic relief in the Dillon quadrangle varies from about 3,900
ft (1,182 m) to approximately 11,000 ft (3,333 m).

METHODS OF STUDY
Sample Media

Analyses of unaltered or unmineralized rock samples provide background
geochemical data for individual rock units. On the other hand, analyses of
altered or mineralized rocks, where present, may provide useful geochemical
information about the major- and trace-element assemblages associated with a
mineralizing system,

Sample Collection

Rock samples were collected at 2,219 sites (Plates 1-4). However, the
data in this report represent only those rocks collected from quartz veins,

wall rocks, porphyries, and skarns. Sampling density varied with the spatial
distribution of the outcrops.

Sample Preparation

Rock samples were crushed using a "chimpmunk-jaw crusher" and then
pulverized to less than 0.15 mm using a "vertical pulverizer" with ceramic
plates.



Sample Analysis
Spectrographic method

The prepared rock samples were analyzed for 31 elements using a
semiquantitative, direct-current arc emission spectrographic method (Grimes
and Marranzino, 1968). The elements analyzed and their lower limits of
determination are listed in Table 1. Spectrographic results were obtained by
visual comparison of spectra derived from the sample against spectra obtained
from standards made from pure oxides and carbonates. Standard concentrations
are geometrically spaced over any given order of magnitude as follows: 100,
50, 20, 10, and so forth. Samples whose concentrations are estimated to fall
between those values are assigned values of 70, 30, 15, and so forth. The
precision of the analytical method is approximately plus or minus one
reporting interval at the 83 percent confidence level and plus or minus two
reporting intervals at the 96 percent confidence level (Motooka and Grimes,
1976). Values determined for the major elements (iron, magnesium, calcium,
and titanium) are given in weight percent; all others are given in parts per
million (micrograms/gram). Analytical data for samples from the Dillon 1° x
2° quadrangle and vicinity are listed in Tables 3-6.

Chemical Methods

Other methods of analysis used on samples from the Dillon 1° x 2°
quadrangle and vicinity are summarized in Table 2,

ROCK ANALYSIS STORAGE SYSTEM

Upon completion of all analytical work, the analytical results were
entered into a computer-based file called Rock Analysis Storage System
(RASS). This data base contains both descriptive geological information and
analytical data. Any or all of this information may be retrieved and
converted to a binary form (STATPAC) for computerized statistical analysis or
publication (VanTrump and Miesch, 1976).

DESCRIPTION OF DATA TABLES

Data in tables 3-6 are arranged so that column 1 contains the USGS-
assigned sample numbers. These numbers correspond to the numbers shown on the
site location maps (Plates 1-4)., Columns in which the element headings show
the letter "s" below the element symbol are emission spectrographic analyses;
"aa" indicates atomic absorption analyses; and inst indicates instrumental
analyses. A letter "N" in the tables indicates that the element was looked
for but not detected at the lower 1imit of the analytical method used for that
element. If an element was detected, but below the determination limits in
Table 1, a "less than" symbol (<) is shown in the tables in front of the lower
1imit of determination. If an element was detected at concentrations above
the highest reporting value, a "greater than" symbol (>) is shown in the
tables in front of the upper limit of determination. If an element was not
looked for in a sample, two dashes (--) are entered in tables 3-6 in place of
an analytical value. Because of the formatting used in the computer program
that produced tables 3-6, some of the elements listed in these tables (Fe, Mg,
Ca, Ti, Ag, and Be) carry one or more nonsignificant digits to the right of

the significant digits, The analysts did not determine these elements to the
accuracy suggested by the extra zeros.
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TABLE 1.--Limits of determination for the spectrographic analysis of rocks,

based on a 10-mg sample

Elements Lower determination limit Upper determination limit
Percent
Iron (Fe) 0.05 20
Magnesium (Mg) .02 10
Calcium (Ca) .05 20
Titanium (Ti) .002 1
Parts per million
Manganese (Mn) 10 5,000
Silver (Ag) 0.5 5,000
Arsenic (As) 200 10,000
Gold (Au) 10 500
Boron (B) 10 2,000
Barium (Ba) 20 5,000
Beryllium (Be) 1 1,000
Bismuth (Bi) 10 1,000
Cadmium (Cd) 20 500
Cobalt (Co) 5 2,000
Chromium (Cr) 10 5,000
Copper (Cu) 5 20,000
Lanthanum (La) 20 1,000
Molybdenum (Mo) 5 2,000
Niobium (Nb) 20 2,000
Nickel (Ni) 5 5,000
Lead (Pb) 10 20,000
Antimony (Sb) 100 10,000
Scandium (Sc) 5 100
Tin (Sn) 10 1,000
Strontium (Sr) 100 5,000
Vanadium (V) 10 10,000
Tungsten (W) 50 10,000
Yttrium (Y) 10 2,000
Zinc (ZIn) 200 10,000
Zirconium (Zr) 10 1,000
Thorium (Th) 100 2,000




Table 2.--Commonly used chemical methods

[AA = atomic absorption; Inst

instrumental; SI = specific ion;
S = spectrophotometry; and F

fluorometry; Cm = colorimetric]

Element or Determination limit
constituent Method (micrograms/ Reference
determined gram or ppm)
Gold (Au) AA 0.05 Thompson
and others,
1968
Mercury (Hg) Inst 0.02 Modification
of McNerney
and others,
1972, and
Vaughn, and
McCarthy,
1964
Arsenic (As) Cm 10 ppm Almond, 1953
Arsenic (As) Cm-T 1 ppm Ward and
others, 1963
Arsenic (As) AA 5 or 10 Modification of
Viets, 1978
Antimony (Sb) AA 2
Zinc (ZIn) AA 5
Bismuth (Bi) AA 1
Cadmium (Cd) AA 0.1
Copper (Cu) AA 5
Zinc (ZIn) AA 5
Fluorine (F) SI 100 Hopkins, 1977
Tellurium (Te) AA 0.1 Chao and
others, 1978
Tin (Sn) AA 1 Welsch and

Chao, 1976
Tungsten (W) S/Cm 0.50r1 Welsch, 1983
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Data from Fisher and Magoon, 1978; Kirschner

Figure 50 COOK-SHELIKOF BASIN and Lyon, 1973; Magoon and others, 1980; and
) Magoon and Claypool, 1981
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Volcanism occurred in the area from 213 to 188 Ma, 65 to 50 Ma, 45 to 20
Ma, and 10 Ma to present. Plutonism occurred from 190 to 154 Ma, 83 to 47 Ma,
and 38 to 26 Ma. Most of the Alaska-Aleutian Range batholith was emplaced
between about 176 and 154 Ma (Fisher and Magoon, 1978).

Prominent Seismic Horizons-- Three unconformities in Lower Cook Inlet
form prominent seismic horizons: (1) The Barremian-Maestrichtian unconformity
(ca. 119 to 73 Ma), (2) the Maestrichtian-late Paleocene unconformity {(ca. 65
to 60 Ma), and (3) the early Eocene-Oligocene unconformity (ca. 51 to 33 Ma).

Gravity-- See Fisher, von Huene, and Steele (1983) for gravity
information.

Magnetics-- There is a magnetic anomaly along the Border Ranges fault on
the southeastern side of the basin that can be traced offshore (Fisher,
1981). Results of an aeromagnetic survey are published in Grantz and others
(1963).

Petroleum Geology-- The Middle Jurassic Tuxedni Group are probably the
source rocks for oil in Upper Cook Inlet. Vitrinite reflectance values from
the Lower Cook Inlet COST well range up to a maximum of 0.65% at the base of
the ILate Jurassic (3776 m). Laumontite was encountered at 2145 m (Late
Jurassic) in the Lower Cook Inlet COST well.

0il production in Upper Cook Inlet is from the West Foreland Formation
(2%), the Hemlock Conglomerate (80%), and the rest of the Tyonek Formation
(18%). Dry gas production comes from the Sterling and Beluga Formations
(Kirschner and Lyon, 1973; Claypool and others, 1980).

Maps and Other Illustrations-- For location and structure-contour maps of
Lower Cook Inlet, and for seismic profiles, cross sections, and stratigraphic
columns, see Fisher and Magoon, 1978, For an isopach map, cross sections, and
stratigraphic columns for Upper Cook Inlet see Kirschner and Lyon, 1973. A
geologic map of the area has been prepared by Magoon, Adkison, and Egbert
(1976).

Degree of coverage-- In Upper Cook Inlet there are large amounts of
private data. In Lower Cook Inlet there is one COST well and a multichannel
seismic grid with 30 km line spacing. A multichannel seismic grid with 50 km
line spacing covers Shelikof Strait.

Other Information-- The Cook-Shelikof basin is divided politically into
Upper Cook Inlet (State of Alaska), Lower Cook Inlet (largely Federal), and
Shelikof Strait (largely Federal).

References—-- For more detailed information see Fisher and Magoon, 1978;
Kirschner and Lyon, 1973; Magoon and Claypool, 1981; Stone and others, 1982;
Fisher, 1981; Magoon and others, 1980; Grantz and others, 1963; Claypool and
others, 1980; Bruns, 1982a; and Magoon, Adkison, and Egbert, 1976.

MIDDLETON SEGMENT, GULF OF ALASKA TERTIARY PROVINCE

General Information-- The Middleton segment of the Gulf of Alaska
Tertiary province is located at lat. 59° to 60°30'N., long. 144° to 148°W.
(Figure 51). It has an area of 16,000 square km. Water depths range from 0
to 4000 m. There are up to 5.5 km of middle Eocene and younger strata. The
Middleton segment is in the Gulf of Alaska planning area.

Geologic and Geographic Boundaries-- The Contact fault and anticlines of
the central shelf bound the Middleton segment on the north. To the northwest,
deformed Tertiary rocks of the Prince William Terrane crop out in Prince
William Sound and on Montague Island, The continental slope bounds the basin
on the south. In the east and southeast, the northeast-trending Kayak-
Aleutian subduction zone (upper plate to the northwest) bounds the Middleton
segment. The Pinnacle fault forms the northeastern boundary.
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Figure 51. Middleton segment structure contours and trends on a seismic
horizon in approximately Pleistocene strata. Contour interval 0.5 km.
From Bruns, 1982a.
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Basin Shaggr— Of fshore, four small subbasins combine to form a northeast
trending, arcuate (convex to the southeast) basin that is deepest in the
southwest and is truncated to the south and east (Plate 1). Before the
subbasins developed there existed a single seaward-thickening basin.

Structural Geology-- Some of the anticlines and thrust faults separating
the subbasins are oriented perpendicular to the northeast trends of the Kayak
zone (thrust faults) and the Aleutian subduction 2zone. This deformation may
have resulted from subduction of two blocks of different thicknesses, the
Yakutat block (continental crust) in the east and oceanic crust in the west.

Recently formed structures include young, growing, asymmetric anticlines
that are fault bounded on their southern sides.,

The Ragged Mountain fault (a northeast- to north-trending thrust fault
located along the northwest side of the basin) thrusts deformed early Tertiary
rocks of the Orca Group over younger rocks to the south.

The northwest-trending Pinnacle fault, located along the northeastern end
of the basin, has 4 km of Neogene sediment on its southern side overthrust by
poorly reflecting (early Tertiary Orca Group?) rocks on its northern side.

Basement-- Acoustic basement is formed by the Paleocene Orca Group and
Eocene plutonic rocks. Crustal basement, inferred from tectonics, is the
subducting (accreting?) Yakutat block, plutonic rocks, or oceanic crust
(seaward of the Yakutat block).

Basin Type-- The Middleton segment is part of a forearc basin.
Stratigraphy-- Grain size in Paleocene Orca Group rocks decreases to the
south, Coarse-grained units include Orca Group conglomerates. These

conglomerates have been interpreted as submarine fan feeder=-channel
deposits. The upper part of the Oligocene Redwood Formation also includes
coarse—-grained units.

Prior to the formation of the subbasins, a seaward-thickening section was
present. Younger units that fill the subbasins are lens or wedge shaped.

Submarine mafic volcanic rocks are present in the Poul Creek Formation
(late Eocene-early Miocene) and in the Orca Group (Paleocene-early Eocene).
Orca Group strata also include tuffaceous beds.

Granitic rocks of Eocene age give K/Ar ages of 53.5 to 50,5 Ma (Winkler
and Plafker, 1981).

Deformation in many areas is contemporaneous with depositon, Late
Pleistocene tilting, faulting, and uplift resulted in the formation of
Middleton Island, a shelf edge high.

In some areas, Orca Group rocks are metamorphosed to zeolite, prehnite-
pumpellyite, and lower greenschist facies.

Prominent Seismic Horizons-- Two prominent horizons present in the
Middleton segment have been designated the "M1" and "M2" horizons (Figure
52)., M1 is a mid-upper Pleistocene(?) unconformity. M2 is an unconformity
underlain by an early Miocene or Paleogene sequence and overlain by latest
Miocene beds (ca. 6.5 Ma).

Pleistocene rocks in the interval between M1 and the seafloor, equivalent
to the Yakataga Formation onshore, have seismic velocities of 2.2 to 3.2
km/sec. Velocities of 4.5 to 4.9 km/sec are recorded from rocks between the
M1 and M2 horizons,

Gravity-- Free-air gravity data is published in Burkhard and others,
1980a, b.

Magnetics-- A magnetic lineament map has been published by Schwab and
others, 1980.

Petroleun Geology-- Late Eocene to early Miocene Poul Creek and Redwood
Formations contain potential source rocks. The Orca Group (Paleocene-early
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Figure 52

MIDDLETON SEGMENT

Data from T. Bruns, in prep., 1984
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Figure 53

MIDDLETON SEGMENT

Data from Winkler and Plafker, 1981
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Eocene) is highly deformed and has negligible resource potential.

Maps and Other Illustrations-- Structure-contour and location maps, along
with seismic profiles, appear in Bruns, 1982a. Stratigraphic columns are
presented by Winkler and Plafker, 1981.

Other Information-- The stratigraphy of adjacent onshore areas is complex
(Figure 53).

References-- For more detailed information see Bruns, 1982a, 1985;
Burkhard and others, 1980a, b; Naugler and Wageman, 1973; Schwab and others,
1980; and Winkler and Plafker, 1981.

YAKATAGA SEGMENRT, GULF OF ALASKA TERTIARY PROVINCE

General Information-- The Yakataga segment is located between lat. 59°
and 60°30'N., long. 141° and 145°W. It has an area of 15,000 square km in
water depths up to 4000 m, This area contains up to 7 km of Eocene and
younger sedimentary fill. It is part of the Gulf of Alaska planning area.

Geologic and Geographic Boundaries-- The northern margin of the Yakataga
segment is formed by the east-trending Contact and Chugach~-St. Elias thrust
faults (Figure 54). Kayak Island and the northeast-trending Kayak thrust zone
(upper plate to the northwest) border the segment in the northwest. The
Middleton segment lies west of Yakataga, beyond the southwest-trending Kayak-
Aleutian subduction zone. Khitrov ridge forms the southern boundary of the
Yakataga segment. The Yakutat segment is east and southeast of the Yakataga
segment; the two segments are separated by Pamplona spur, a northeast-trending
zone of thrust faults that have upper plates to the northwest. Also located
along the southeastern boundary of the segment is the pre-Pliocene, west-
northwest trending, 1left-lateral Transition fault. Icy Bay is 1located
northeast of the basin.

Basin Shape-- The segment consists of several small, elongate subbasins
with thrust faults along their northwest sides.

Structural Geology-- Broad, doubly-plunging, northeast- or east-trending,
asymmetric anticlines have high-angle thrust faults on their seaward sides.
There are antithetic faults on the north or northwest flanks of the
anticlines. Northwest-southeast compression has resulted in 2-4 km shortening
in this segment (Bruns and Schwab, 1983). Deformation has been less intense
offshore than it has onshore. Three structural zones are oriented parallel to
the shoreline. Near shore there has been continuous deformation throughout
the Cenozoic, The age and intensity of deformation decreases seaward.

Sedimentation, subsidence, and uplift rates on the order of 1000 m/m.y.
(locally as high as 10,000 m/m.y.) have been measured for the latest 4300 year
period.

There has been recent reactivation of some older structures.

Basement-- Eocene (50-55 Ma) basaltic rocks form the acoustic basement.
Crustal basement consists of Eocene basaltic rocks of the northwest part of
the Yakutat block. In the southwest, oceanic crust (36 to 42 Ma) underlies
Khitrov Ridge.

Basin Type-- The Yakataga segment is a transform margin basin located
near the junction of transform and convergent margins.

Stratigraphy-- Coarse-grained units include conglomerates in the Yakutat
Group, in unnamed Paleocene-Eocene rocks, in the Kulthieth Formation, and in
the Yakataga Formation.

Volcanism includes Eocene basalts of the Yakutat block (55 to 50 Ma).

Prominent Seismic Horizons-- There are four prominent seismic horizons in
the Yakataga segment: “A", "B", "C", and "D" (Figure 55). Horizon A is a
middle Pleistocene unconformity on the tops of the basin anticlines. Horizon
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Data from Bruns and Schwab, 1983

YAKATAGA SEGMENT
OFFSHORE

Figure 55
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Figure 56

YAKATAGA SEGMENT

Dats from Stonely, 1967; Plafker,

ONSHORE 1971; and Bruns and Schwab, 1983
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B is an early Pleistocene horizon. Horizon C is a late Pliocene (about 3.5
Ma) non-depositional unconformity. Horizon D (middle Miocene to early
Pliocene?) occurs at the base of the Yakataga Formation.

Gravity-- A map of free-air gravity data has been published by Burkhard
and others, 1980b.

Magnetics-- Magnetic lineaments are discussed in Bruns and Schwab (1983)
and in Schwab and others (1980). Schwab and Bruns (1979) present a residual
magnetic map. Aeromagnetics are presented by Taylor and O'Neill (1974).
Paleomagnetic results are discussed in Gromme and Hillhouse (1981) who locate
the Chugach terrane at lat. 38°N. plus or minus 10° between 39 and 43 Ma.

Petroleum Geology-- The geothermal gradient ranges from 10 to 30°C/km and
is highest in the northern and northeastern parts of the basin.

There is poor to negligible source potential in late Cenozoic strata
(Bruns, 1982a). The Oligocene-Miocene section is immature, an inadaquate
source,

Excellent trap potential exists in numerous large anticlines (Bruns,
1982a), petroleum seeps occur in adjacent onshore structures. Reservoir
potential is poor to negligible.

Maps and Other Illustrations-- See Bruns and Schwab (1983) for location
and structure-contour maps, seismic profiles, and cross sections. Structure-
contour maps and cross sections also appear in Bruns, 1982a, See Plafker
(1971) for stratigraphic columns.

Degree of coverage-- There have been more than ten wells drilled offshore

and more than 50 wells drilled onshore. There is complete coverage by
multichannel reflections seismic data with 10 km 1line spacing. Seismic
refraction data is presented in Bayer and others, 1978. Sections from

equivalent strata onshore (Figure 56) have been described by Stonely (1967)
and Plafker (1971).

Other Information-- There is faunal evidence for origin of the Yakutat
block at lat. 40°N., near the present location of California (Bruns, 1983).

References-- For more detailed information see Bruns, 1985; Bruns and
Schwab, 1983; Schwab and others, 1980; Naugler and Wageman, 1973; Schwab and
Bruns, 1979; Burkhard and others, 1980b; Plafker, 1971; Stonely, 1967; Winkler
and Plafker, 1981; Taylor and O'Neill, 1974; Gromme and Hillhouse, 1981; and
Bayer and others, 1978.

YAKUTAT SEGMENT, GULF OF ALASKA TERTIARY PROVINCE

General Information-- The Yakutat segment of the Gulf of Alaska Tertiary
province is located at lat. 58° to 60°30'N., long. 137° to 143°W (Figure
57). It has an area of 35,000 square km in water depths of up to 2800 m.
More than 9 km of Cenozoic sedimentary strata underlie the area (Plate 1,
Figure 58). The Yakutat segment is part of the Gulf of Alaska planning area.

Geologic and Geographic Boundaries-- The east-trending Chugach-st. Elias
thrust fault lies north of the Yakutat segment. In the northwest and west are
Icy Bay and the Pamplona zone, a northeast-trending zone of upper-plate-to-
the-northwest thrust faults., The Pacific Ocean basin lies to the southwest
and south, The west-northwest trending left-lateral Transition fault
truncates the Paleogene section at the continental slope. Southeast of the
Yakutat segment is the Southeastern Alaska segment of the Gulf of Alaska
Tertiary province. The Fairweather fault, a northwest-trending right-lateral
fault, lies east and northeast of the Yakutat segment.

Basgin Shape-- There are two offshore basins, one in the eastern part of
the segment and one in the western part. Their major axes parallel the
coast. The eastern basin is elongate along a northwest-southeast trend with
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YAKUTAT SEGMENT

Deta from Bruns, 1982b; and
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the thickest section in its northern part. The western basin is elongate
along a west-northwest to east-southeast trend with the thickest section on
the landward side.

Structural Geology-- Fairweather Ground is a west-northwest-trending
structural high at the shelf edge that is cored by rocks of Mesozoic to early
Tertiary age. Since "D" time (late Miocene or Pliocene) it has been uplifted
more than 2 km with the fastest uplift occurring in the Plio-Pleistocene;
Neogene sediments onlap its landward side.

The north-northwest trending Dangerous River zone separates the eastern
and western basins. Acoustic basement shallows more than 2 km along the
Dangerous River zone. Paleogene strata of the western basin are truncated by,
or onlap, the Dangerous River zone. Folding and faulting are present in basin
sediments adjacent to the zone's northern end.

In the eastern basin, dips are generally toward the basin axis. The
basin fill is deformed near the up-to-the-northeast Lituya fault zone that
parallels the coast near Lituya Bay.

Minor deformation occurred prior to the late Miocene or Pliocene in the
western basin.

Basement-- Yakutat block basaltic rocks (Eocene) with sedimentary
interbeds form the acoustic basement beneath the western basin. Acoustic
basement beneath the eastern basin is made up of rocks of the Yakutat
Formation.

Crustal basement is inferred to be oceanic west of the Dangerous River
zone and transitional east of the zone.

Basin Type-— A transform margin during the Neogene, the Yakutat segment
may be underlain by dispersed remnants of a Paleogene passive margin sequence,
the "Yakutat block."

Stratigraphy-- Coarse-grained units include Plio-Pleistocene tillites and
glacial marine deposits (Figure 59).

Paleogene units in the western basin thicken to 5 km about 65 kn
southwest of Yakutat and then thin farther to the southwest. Neogene units in
both basins thicken shoreward.

Prominent Seismic Horizons-- There are three prominent seismic horizons,
"D", "E", and "F", in the Yakutat segment (Figure 58). Horizon D is of late
(2) Miocene age and forms a widespread unconformity at the base of the
Yakataga Formation. Horizon E is locally an unconformity that is probably of
middle Oligocene age. Horizon F, at the top of the acoustic basement, is
probably of early Eocene age and is locally an unconformity.

Sediments above horizon D thicken landward and may onlap D. The seguence
between horizons D and E onlaps horizon E in the seaward parts of the basins,
but they are concordant closer to shore, The sequence between horizons E and
F thickens seaward.

Gravity-- See Bruns (1982b) and Burkhard and others (1980a, b) for
gravity data.

Magnetics-- See Bruns (1982b) and Schwab and others (1980) for magnetics
data.

Petroleum Geology-- The geothermal gradient is 20 to 30°C/km. Values for
vitrinite reflectance range from 0.3 to 0.6%. Paleogene dredge samples from
the slope are marginally mature.

Diagenetic features include deformation of soft sediment grains,
formation of carbonate, silica, zeolite, and chlorite cements or grain
overgrowths. Some secondary porosity has developed locally.

Maps and Other Illustrations-- See Bruns (1982a, b) for 1location,
isopach, and structure maps and for seismic profiles, Cross sections and
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stratigraphic columns are also shown in Bruns, 1982b. Stratigraphic columns
appear in Plafker, 1971.

Degree of coverage-- The area is covered by a grid of multichannel
seismic reflection lines with 25 to 50 km spacing. Several wells penetrate
Cretaceous units. There are dredge samples from sites spaced about every 25
km. Four core holes were drilled offshore.

References-- For more detailed information see Bruns, 1982a, b, 1983,
1985; Bruns and others, 1981; Burkhard and others, 1980a, b; Plafker, 1971;
Plafker and others, 1980; Schwab and others, 1980; Stonely, 1967; and Keller
and others, 1984.

SOUTHEASTERN SEGMENT, GULF OF ALASKA TERTIARY PROVINCE

General Information—-- The Southeastern segment of the Gulf of Alaska
Tertiary province is located at lat. 54° to 58°N., long. 132° to 131°W (Figure
60). It has an area greater than 25,000 square km in water from 0 to 2400 m
deep. The sedimentary section in this segment contains up to 5 km of Neogene
strata. The Southeastern segment is part of the Gulf of Alaska Planning area.

Geologic and Geographic Boundaries-- Cross Sound is north of the
Southeastern segment. The continental slope forms the northwestern, western,
and southwestern boundaries of this segment. Dixon Entrance and the U.S.-
Canada border form a political boundary along the southern side of the
basin, The northwest-trending, 1left-lateral Fairweather fault forms the
southeastern margin of this segment. To the east is the Chatham Strait fault.

Basin Shape-- Two north-south trending, elongate subbasins are separated
by the Fairweather fault zone, The eastern subbasin thickens toward the
Fairweather fault, the western subbasin thins seaward.

Structural Geology-- Folds and faults are associated with splays of the
Queen Charlotte-Fairweather fault system. These include two zones of en
echelon structures.

Folds at the base of the slope are probably Quaternary. The magnitude of
folding decreases to the north, There is only minor deformation from Chatham
Strait to Sitka; the strata are undeformed from Sitka north to Cross Sound.

Abyssal strata onlap the margin near Cross Sound.

Basement-- The acoustic basement is highly consolidated, probably similar
to Mesozoic and Paleozoic rocks exposed onshore.

Crustal basement is inferred to be oceanic crust outboard of the Queen
Charlotte-Fairweather fault and Mesozoic and Paleozoic continental crust
inboard of the fault.

Basin Type-- The Southeastern segment of the Gulf of Alaska Tertiary
province developed on a narrow transform margin,

Stratigraphy-- In the eastern subbasin, the sedimentary units thicken
towards the Fairweather fault. Sedimentary units thin seaward in the western
subbasin,

Quaternary volcanism onshore may be reflected in sedimentation offshore.

Prominent Seismic Horizons-- There is a prominent seismic horizon at the
top of the acoustic basement (Figure 61).

Gravity-- See Bruns and others (1981) for gravity data.

Magnetics-- See Bruns (1982a) for a location map, seismic profiles, and
cross sections,

Petroleum Geology-- A reconnaissance multichannel seismic reflection grid
with 25 to 50 km line spacing covers the area.

References-- For more detailed information see Bruns, 1982a; and Bruns
and others, 1981,
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Data from Bruns, 1982a

SOUTHEASTERN ALASKA

Figure 61
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PACIFIC OCEAN SEGMENT IN THE GULF OF ALASKA

General Information-- Sediment filling the Pacific Ocean basin in the
Gulf of Alaska is thickest along the base of the continental slope and thins
seaward. The greatest thickness of sedimentary strata is 6 km, deposited
seaward of the Yakutat segment. Off the Southeastern segment the section is 3
to 4 km thick and strata are 2 to 3 km thick seaward of the Middleton and
Yakataga segments (Figure 62). These sections occur where water depths are
1600 to 4000 m,

Geologic and Geographic Boundaries-- The left-lateral Transition fault
and the base of the slope lie north of the Pacific Ocean segment. To the west
is the convergent margin of the Aleutian trench. In the south the section
thins to 2 km in the first 60 km seaward from the base of the slope.

East of the Pacific Ocean segment is the right-lateral transform margin
and the base of the slope.

Basin Shape-- The main depocenter is elongate parallel to the coast and
the strata thin seaward.

Structural Geology-- Anticlines at the base of the slope developed during
Pliocene and Pleistocene time.

Basement-- Basement is Oligocene oceanic crust.

Basin Type-- The basin is a filled trough or trench.

Stratigraphy-- Strata filling the trough probably include turbidites and
pelagic and hemipelagic sediments. Coarse-grained units include turbidite
sands. Pre-Pliocene strata are thickest at the base of the slope and thin
seaward.

Prominent Seismic Horizons-- Three prominent horizons are designated
"a1", "A2", and "A3" (Figure 63). Horizon Al is lies at the base of the
Pleistocene section. Horizon A2 is inferred to lie at the base of the
Pliocene section. Horizon A3 is on oceanic crust (Bruns, 1982b).

Gravity-- See Bruns and others (1981) for gravity data.

Petroleum Geology-- The geothermal gradient is low (Bruns, 1982a).
Source rocks are probably immature (Bruns, 1982a). Traps are present at the
base of the slope, but not seaward of the slope (Bruns, 1982a).

Degree of Coverage-- A few multichannel and several single-channel
seismic lines cover the segment.

Other Information-- Off southeastern Alaska, Baranof fan fills a trough
(trench?) with 5 km of sediment.

Refexences-- For more detailed information see Bruns, 1982a and b; Bruns
and others, 1981; and Burkhard and others, 1980a and b,

QUEEN CHARLOTTE BASIN

General Information-- OQueen Charlotte basin is 1located in Canadian
territory at lat. 52°N., long. 131°W (Figure 64). It has an area of 35,000
square km, The basin filling strata are exposed onshore and extend into water
depths of 1000 m offshore. Water depths over most of the basin are less than
200 m. The basin contains up to 5 km of upper Tertiary fill and more than 5
km of Mesozoic and middle Tertiary strata.

Geologic and Geographic Boundaries-- North of Queen Charlotte basin is
Dixon Entrance and the U.S. - Canada border. The Queen Charlotte Islands and
the right-lateral Sandspit fault lie northwest of the basin. West of the
basin is the right-lateral Queen Charlotte fault. A ridge-transform-trench
triple junction occurs southwest of the basin. Vancouver Island is south of
Queen Charlotte basin, To the east 1lie the coast mountains metamorphic
complex and the coastal crystalline belt of mainland British Columbia.

Bagin Shape-- The basin is elongate along a northwest-southeast trend,
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Data from Bruns, 1982b

PACIFIC OCEAN BASIN IN
GULF OF ALASKA

Figure 63
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400 km long by 100 km wide. A narrow strip of Tertiary sediment along the
western margin of the Queen Charlotte Islands is sometimes considered part of
the Queen Charlotte basin as it connects to the main part of the basin in the
south.

Structural Geology-- There are three large northwest-trending zones of
right-slip faulting: (1) the Sandspit fault was active mainly in the
Cretaceous but shows evidence for movement as recent as 1929, (2) the Rennell
Sound-Louscoone fault zone was most active in the early Cretaceous, and (3)
the Queen Charlotte fault zone that is currently active. Each of these faults
dips steeply to the northeast and has a dip-slip component that is down to the
east. Smaller faults that cut upper Eocene and younger strata trend
northeast., Tertiary sediments have been gently folded.

Basement-- Acoustic and magnetic basement may be an early Tertiary
volcanic unit. This unit is probably underlain by older sedimentary rocks in
some areas. Basement includes the rocks of the Mesozoic volcanic belt and
Paleozoic intrusives. Crustal basement is continental.

Basin Type-- Queen Charlotte basin is a transform margin basin inboard of
the active transform fault. It may have been a forearc or intra~arc basin
earlier in its history.

Stratigraphy-- Upper Tertiary facies change from predominantly marine in
Queen Charlotte Sound to non-marine farther north (Figure 65). Sediments on
the western side of Queen Charlotte Island thicken eastward. This eastward
thickening is particularly well developed in Miocene sediments that onlap the
basement (Shouldice, 1971).

Volcanic rocks includes those of the Early Cretaceous lLongarm Formation
and 2 km of early Tertiary subaerial basalt and rhyolite of the Masset
Formation. Arc type volcanism ended in the Pliocene. Plutonism occurred in
the middle Jurassic and early Tertiary.

Metamorphism in the coastal mountains of British Columbia occurred during
the Cretaceous.

Prominent Seismic Horizons-- Prominent seismic horizons include a pre-
upper Miocene unconformity and the top of the Tertiary volcanic sequence.
There is regional evidence for an unconformity at about the base of the
Pliocene.

Gravity-- A gravity model and comparison of gravity derived thickness
maps with isopach maps derived from seismic data is presented by Chase and
others, 1975. The model suggests older sedimentary rocks underlie the early
Tertiary volcanic segquence.

Magnetics-- An aeromagnetic map and regional magnetic map appear in
Shouldice, 1973. Broad anomalies within the basin relate to the depth of the
early Tertiary volcanic sequence (Shouldice, 1973).

Petroleum Geology-- Numerous sandstone units are present in the Tertiary
sequence. Oil stained sandstone was drilled in one well (Figure 65).

Shouldice (1973) says it is not possible to correlate from one drill hole
to another on the basis of lithologies or log characteristics.

Maps and Other Illustrations-- See shouldice (1973) for location and
isopach maps, seismic profiles, cross sections, and stratigraphic columns.

Degree of coverage-- Coverage includes seismic reflection data and well
data from 14 wells. Of these, 6 are onshore on the northeastern Queen
Charlotte Islands and 8 are offshore east and southeast of the Queen Charlotte
Islands.

Other Information-- Pronounced topograhic relief exists at the top of the
Tertiary volcanic sequence (Shouldice, 1973).

References-- For more detailed information see Chase and others, 1975;
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Figure 64. Isopach map of low velocity (Tertiary?) sediments,
Queen Charlotte basin. Contour interval 5000 feet. From
Shouldice, 1973.
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Figure 65 QUEEN CHARLOTTE BASIN Data from Shouldice, 1973: and
Stacey, 1975
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Shouldice, 1971, 1973; and Stacey, 1975.
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APPENDIX

KEY TO LITHOLOGIC SYMBOLS USED ON BASIN HISTORY DIAGRAMS

Sedimentary rocks

====| mudstone/claystone

shale

carbonaceous shale

siltstone

sandstone

OO0
S5 conglomerate

Arpdel breccia
m -
1 R
1imestone

sandy limestone

oolitic limestone

chert

dolomite

Igneous rocks

mafic volcanic
felsic volcanic

tuff

intrusive

Metamorphic rocks

~77%| high grade metamorphic
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