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stated (p. 67) that dolomite formed from dilute solu-
tions is characteristically limpid.

5. The event that formed the fractures that are 10 um
to 0.5 um wide clearly followed limpid dolomite forma-
tion. The fracturing may have occurred during or after
the deposition of the coarse-grained sparry calcite that
fills the remaining pore space in the vugs. Sparry cal-
cite fills the fractures within the matrix and the inter-
crystalline pores of the dolomite matrix. Deposition of
this calcite was the last major event. If one accepts Folk
and Land’s (1975, p. 60) concept that blocky calcite
can be formed only in low Mg/Ca water that is derived
from meteoric water or where Mg has been removed
from marine water by formation of dolomite or absorp-
tion clays, it is possible that the calcite is the product
of phreatic fresh water. The purity of the calcite and its
large crystals support this hypothesis. Fracturing and
calcite void filling may have extended through several
episodes as indicated by some calcite which fills voids
and is then cut by fractures and filled by another cycle
of calcite vein filling.

A21

In the mines many of the fine fractures associated
with the zebra beds contain not only sparry calcite but
copper minerals; therefore copper mineralization oc-
curred late in the long diagenetic history of these car-
bonate rocks.

INTRAFORMATIONAL STRATIGRAPHIC
CORRELATION AND
ENVIRONMENTS OF DEPOSITION

The correlations shown in figure 3 for the lower part
of the Chitistone Limestone are based on sedimentary
features and microfacies. The interpretation of carbo-
nate microfacies, sedimentary structure, and deposi-
tional models (fig. 14) follow the stratigraphic concepts
published by Wilson (1970, 1975).

The lower 100 to 120 m of the Chitistone Limestone
exposed from Donoho Peak to the Nizina River out-
crops fits Wilson’s (1975, p. 297) concept of upward-
shoaling carbonate sediment cycles that are composed
predominantly of lime mudstone (micritic) sediments
whose faunas and sedimentary structures show a pro-
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FIGURE 14.—Depositional model for Upper Triassic carbonate facies of the Wrangell Mountains. Concepts for model are from Wilson (1970,
1975).
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gressive change through restricted shallow marine car-
bonates with megafossils to dolomite and caliche
(facies numbers 8-10,fig. 14). In these cycles a sharp
upper contact occurs with open marine beds at the base
of the next cycle.

Work on modern sabkhas has shown that the saline
supratidal flats are aggradational features which
gradually extend over subtidal, intertidal, and lagoonal
sediments (Evans and others, 1964 ; Purser and Evans,
1973). Wood and Wolfe (1969) describe in detail nine
similar sabkha cycles from the Upper Jurassic and
Lower Cretaceous Arab/Darb Formation of Saudi
Arabia. Similar cycles were described by Wilson ( 1967)
from the Duperow Formation (Devonian) of the Willis-
ton basin, western North Dakota and adjacent areas.
The Duperow contains 12 such cycles. Wilson estimated
the time of each cycle at about 500,000 to a million
years. Evans and others (1969) described sabkha cy-
cles deposited on the Trucial Coast on the Persian Gulf;
each cycle lasts on the order of 1,000 years.

The well-exposed Donoho Peak section, 74A-4T, is
the best outcrop for interpreting environments of de-
position for the lower 135 m of the Chitistone Limes-
tone (figs. 3, 15).

The Chitistone Limestone as shown on figure 3 con-
tains two well-developed physical correlation lines. One
is the contact with the Nikolai Greenstone. The second,
which is exposed in three of the measured outcrop sec-
tions, is the dolomitic-peloid-pisolitic laminated caliche
beds that range from 30 c¢m to greater than 1 m in
thickness. The caliche beds are developed at the Nizina
River section at 135 m, the Green Butte section at
101-102 m and at the Donoho Peak 74A-4T at 97 to 98
and 99.8 to 100 m (fig. 16). Our underground studies
in 1977 found a 60-cm-thick bed of dolomitic-pisolitic
caliche above the zebra beds in the 503-m (1650-ft)

level of the Mother Lode mine.

The lower half of the Chitistone Limestone can be
correlated between the Donoho Peak section and the
Erie mine section by two weakly developed incomplete
upward-shoaling lime-mud (micrite) cycles that are
developed at the 30- to 35-m and 48- to 52-m levels
(facies 8 and 9, fig. 14). These lower incomplete carbo-
nate deposition cycles were not recognized in the
Bonanza mine outcrop section ( probably due to fault-
ing) or at the Green Butte section.

The incomplete carbonate deposition cycles that
occur at 48 to 52 m at the Donoho Peak and Erie mine
sections are probably a time-stratigraphic equivalent to
the laminate-pisooid caliche bed found between 86 to
96 m in the Nizina River section.

The underground Mother Lode mine section shown
on figure 3 is about 5 m thick. The sabkha facies con-
tains algal mats, zebra beds, laminated beds, dolomite
pseudomorphs after gypsum and anhydrite, penecon-
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temporaneous sedimentary dolomite breccia, and pos-
sible solution collapse structures. The sabkha facies in
the outcrops and underground is overlain by dolomite
caliche 0.3 to 1.3 m thick. The caliche is formed by
bands of laminated crust, peloids, and pisolites. Simi-
lar rocks are found in the Jumbo and Bonanza mines
near bases of the ore bodies. This rock type, referred to
as the zebra beds, is associated with intertidal to su-
pratidal sedimentary structures and from drill hole
data is known to be about 103 m above the Nikolai
Greenstone (P. R. Holdsworth, oral commun., 1974).
The zebra beds are composed of a matrix of subhedral
50- to 200-um light-brown-gray dolomite with abun-
dant flat-bottomed, cumulus enterorithic vugs lined
with light-gray to white zoned coarse dolomite. Centers
of the vugs are partly filled with sparry calcite. The ore
bodies at the Mother Lode mine are stratigraphically
higher than the other known Kennecott ore bodies.
They are associated with sedimentary features similar
to those found at 96 to 104 m at the Donoho Peak sec-
tion, 101 to 104 m at the Green Butte section, and 95 m
and also 129 to 135 m at the Nizina River section. The
dolomite and sedimentary structures in the Nizina
River section are correlated, as shown in figure 3, with
the other sections, because they are the final supratidal
cycle in this outcrop, contain the best sabkha features
and the best developed caliche zone, and are overlain
by pelecypod-echinoderm packstone that represents
the second major regional marine transgression above
the Nikolai Greenstone.

DIAGENETIC HISTORY OF THE
CHITISTONE LIMESTONE OF BONANZA RIDGE

The Chitistone Limestone on Bonanza Ridge from
west of the Jumbo mine east to McCarthy Creek and in
section 74A-2T is extensively dolomitized except for
the lower 20-30 m of the section (figs. 3, 8). Outcrop
and petrographic studies of the carbonate rocks from
Donoho Peak east to the Nizina River suggest the fol-
lowing sequence of events.

1. Deposition of the Chitistone Limestone on the
Nikolai Greenstone. Development of a few thin beds of
early diagenetic dolomite is associated with the algal
mats. The original stratigraphic sequence probably was
simlar to the relatively unaltered sections (fig. 10) at
Donoho Peak, 74A-4T, and Nizina River, 74A-7T.

2. A late diagenetic stage, possibly low-temperature
hydrothermal dolomitization of the entire Chitistone
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Limestone on Bonanza Ridge, except for the lower
20-30 m. These lower beds may have remained un-
dolomitized owing to the higher clay content of these
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beds relative to the overlying carbonate rocks and their
possible lower porosity and permeability to the
magnesium-bearing fluids.

3. Tectonic fracturing, possibly in Jurassic and Early
Cretaceous time, that resulted in the formation of
numerous 10-um- to 0.5-mm-wide fractures and, in
some beds, the formation of angular dolomite breccias.

4. The circulation through the rocks of magnesium-
rich fluids, which deposited or lined the larger cavities
with 0.4- to 4-mm-zoned dolomite rhombs.

5. The introduction of calcium-carbonate-rich fluids
that deposited sparry calcite in the fractures and re-
maining voids of the breccias and intercrystal spaces in
the dolomite. This phase may be responsible for much
of the dedolomitization ( calcitification) of some of the
dolomite.

The Bonanza Ridge outcrops are so altered to dolo-
mite (formed as 0.5- to 2-mm-size rhombs) and so tec-
tonically brecciated that many of the regional marker
beds of the Chitistone Limestone are obliterated. These
include the first and second laminated beds, which are
well developed at Donoho Peak section 74A-4T and Erie
mine section 74A-6T. Zebra beds crop out in the upper
part of the Glory Hole diggings above the old power
plant at the Bonanza mine. The Bonanza mine outcrop
ore body was below the zebra beds. The zebra beds are
a stratigraphic correlation for Bonanza Ridge outcrop.

The extensive, coarse-grained dolomite associated
with the massive copper sulfide ore bodies is believed
to reflect a late, probably low-temperature hy-
drothermal episode. The reasons for this interpretation
are:

1. Dolomatization cuts across the stratigraphic sec-
tion, irrespective of the original fabric or environment
of deposition.

2.The dolomite is fairly coarse; rhombs are generally
100 um or larger.

3. Stratigraphic sections at Donoho Peak and at the
Nizina River contain dolomite zones restricted to layers
with subtidal to supratidal sedimentary structures. This
dolomite probably resulted from early diagenetic pro-

cesses.
Dedolomitization or calcitification occurs in the

rhombs of the fine-grained dolomite matrix and the
limpid dolomite of the vugs adjacent to the sparry cal-
cite and sparry calcite vein fillings of the zebra beds
(fig. 5F). Von Morlot (1848), Evamy (1963, 1967), and
Shearman, Khouri, and Tara (1961) showed that mag-
nesium sulfate solution can be involved in the forma-
tion of dolomite, according to the equation 2CaCOs
+Mg?*+ +807~ = CaMg(C0s):+CaS0., and observed
that this is a reversible reaction and suggested that
gypsiferous solutions could bring about dedolomitiza-
tion. This dedolomitization can also be caused by

GEOLOGIC RELATIONS OF KENNECOTT-TYPE COPPER DEPOSITS, WRANGELL MOUNTAINS, ALASKA

meteoric water with high Ca?*/Mg?* ratios. Some thin
sections show extensive calcitification of dolomite
rhombs adjacent to calcite-filled fractures.

CONCLUSIONS

Three lime-mud upward-shoaling carbonate cycles
are present in the lower 135 meters of the Chitistone
Limestone. The last cycle is characterized by a dolomi-
tic caliche zorfe at its top. All of the known copper oc-
currences in the Chitistone are found within this 135-m
interval. The overlying Chitistone Limestone above 135
m was deposited on an open shallow marine platform
(Armstrong and others, 1969).

Not all of the factors which formed the large copper
sulfide ore bodies are known, and studies are in pro-
gress. There appears to be some relation between the
sabkha facies, in particular the zebra beds, and caliche
and the formation of the massive copper sulfide ore
bodies of the Bonanza Ridge. We believe that the re-
gional sabkha facies that developed between 90 and
135 meters above the Nikolai Greenstone originally
contained abundant gypsum and anhydrite, but expo-
sure to vadose weathering leached most of the gypsum
and anhydrite and developed a vuggy zone interbedded
with porous dolomitic caliche. Subsequent marine de-
position capped porous zones with an impermeable
seal. This porosity served as permeable conduits for the
ore-forming solutions.

LOCATION OF MEASURED SECTIONS
SHOWN IN FIGURE 3

Donoho Peak, 74A-4T; outcrop at Regal mine; base of
section is 50 m east of Regal mine, SE 1/4NW 1/4
sec. 1,T.4S.,R. 13 E.

Erie mine, 74A-6T; outcrop 2 km west of Erie mine,
SW /4 sec. 4,T4S.,R. 14 E.

Jumbo mine, center sec. 15,T.4 S., R. 14 E.

Bonanza mine outcrop, 74A-2T; 2 km east of Bonanza
mine, SE 1/4 sec. 15, T.4 S.,R. 14 E.

Green Butte, 74A-3T; 25 m north of Green Butte mine,
NE 1/4SW 1/4 sec. 30, T. 4 S.,R. 15 E.

Nizina River, 74A-7T; SW /4 NE 1/4 sec. 36, T. 4 S., R.
15 E.
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