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INTRODUCTION

For the past decade, the Toodoggone district has been an
active area of mineral exploration, and has recentiy become
an important area of gold and silver production. The district
contains one of British Columbia’s largest gold-silver mines
(Lawyers), as well as smaller scale current and past-
producers (Shasta and Baker mines, respectively). Several
gold deposits have drill-indicated reserves and await pro-
duction decisions (e.g. Bonanza), and numerous other gold-
silver-copper prospects are in various stages of exploration.

The deposits range from gold-rich porphyry-style
deposits, to deep-seated precious and base metal bearing
stockworks and veins, to near-surface replacement-type
gold mineralization. The most economically significant
deposits exhibit characteristics typical of epithermal altera-
tion and mineralization of both adularia-sericite and acid-
sulphate affinities. The former class of deposits is repre-
sented by the Lawyers AGB and Cliff Creek zones and the
Shasta deposit, and the latter by the Bonanza deposit. These
four deposits also contain most of the known reserves in the
district,

The most important lithologic assemblage in the area is
the “Toodoggone volcanics™” (Carter, 1972}, These consist
of dominantly andesitic to dacitic pyroclastics and flows of
apparent Early to Middle Jurassic age, and have been
described by Schroeter (1981; 1982), Panteleyev (1982;
1983), Diakow (1984), Forster (1984), Diakow et al.
(1983), and Marsden and Moore (1989, 1990). The Toodog-
gone volcanics are underlain by Upper Triassic mafic to
intermediate voicanics of the Stuhini Group, and are over-
lain by Cretaceous-Tertiary clastic sediments of the Sustut
Group. Gold-silver mineralization is primarily hosted by the
Toodoggone volcanics, and to a lesser extent, by the Stuhini
and Asitka groups, and Lower Jurassic felsic to intermediate
intrusive rocks. The major ore deposits in the district have
been described by Vulimiri et al. (1987; Lawyers), Thiersch
and Williams-Jones (1990; Shasta), Clark and Williams-
Jones (1986; Bonanza), and Barr {1978; Baker).

The objective of the current study is to clarify the age of
the Toodoggone volcanics and the related epithermal gold-
silver deposits. This report presents seven new 40Ar/39Ar
age determinations, and discusses the results in terms of the
implications for mineral exploration and metallogeny in the
Toodoggone district.
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PREVIOUS DETERMINATIONS OF AGE
RELATIONSHIPS

Several K-Ar studies have been conducted on the
Toodoggone volcanics, and have yielded ages that range
from 204 to 182 Ma. When correlated with geological
observations, these ages appear divisible into groups that
correspond to two stages of volcanism: an older, lower stage
with ages of 2047 Ma (Panteleyev, 1983), 2027, 2007,
2007, 19927 and 1977 Ma (Diakow, 1985), and 18916
Ma (Carter, 1972; age recalculated using the constants of
Steiger and Jiger, 1977); and a younger, upper stage with
ages of 183=8 and 182+8 Ma (Gabrielse et af., 1980; first
value recalculated using constants of Steiger and Jager,
1977). The lower volcanics are dominantly andesitic
pyroclastic and flow rocks, and are characterized by wide-
spread propylitic and zeolitic alteration. The upper vol-
canics correspond to the “'grey dacite™ and equivalent units
of Diakow er a/. (1985), and overlying rocks recently
mapped by Marsden and Moore (1990). These volcanics
consist of dominantly andesitic to dacitic ash-flow tuffs that
generally lack significant epithermal alteration. All epither-
mal gold-silver deposits and prospects discovered thus far in
the district are restricted to the lower Toodoggone volcanics
and underlying units. On the basis of these geological rela-
tionships, Clark and Williams-Jones (1987, 1988) proposed
division of the Toodoggone volcanics into two stages, with
mineralization having occurred during Stage 1 andjor
between Stages 1 and I1.

The timing of Toodoggone Stage 1 volcanism is con-
strained by K-Ar age determinations spanning 204 1o 189
Ma. However, the sample of the oldest Stage 1 rock (204
Ma, Panteleyev, 1983; “ Adoogacho Formation™ of Diakow
et al., 1985) was re-analysed by the “PAr/*Ar method by
Shepard (1986) and yielded a plateau age of 197.6+0.5 Ma.
This suggested that the Stage 1 volcanics range between 19§
and 189 Ma in age. Toodoggone Stage II volcanics are more
poorly constrained by two K-Ar determinations of 183 and
182 Ma. The relatively wide range of K-Ar ages for vol-
canic rocks in the district is greater than that expected for
Hazelton-equivalent volcanism elsewhere in north-central
and northwestern British Columbia. There is a clear need
for additional high-precision age determinations to elucidate
the ages and relationships of the Toodoggene volcanics.

Whereas the ages of the volcanics are at least somewhat
constrained, there is poor agreement on the timing of miner-
alization. Potassium-argon ages of epithermal alteration
range from Farly to Late Jurassic, and most dates appear to
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be too young to be geologically reasonable. Schroeter et l.
{1986} reported K-Ar ages for adularia from the Lawyers
AGB deposit (1806 Ma), the Golden Lion prospect
{17626 M4) and the Metsantan prospect {168+6 Ma). The
K-Ar ages of acid-sulphate alteration and related deposits
have been determined for the Alberts Hump alunite zone
(1907 Ma, alunite; Schroeter, 1982}, the Jan alunite zone
(193%7 Ma, alunite; Clark and Williams-Jones, 1989), and
the Bonanza and BV deposits (1716 and 1525 Ma.
sericite; Clark and Williams-Jones, 1989). Clark and
Williams-Jones (1989} suggested that the adularia and
sericite dates were minimum ages due to loss of small
amounts of radiogenic argon. Whether Toodoggone gold-
silver mineralization is restricted to mid-Toarcian
(~ 190 Ma) and older rocks (Clark and Williams-Jones,
1987) or postdates the youngest volcanism in the area by
several million years (Schroeter ef al., 1986), remains to be
clarified by our ¥ Ar3%Ar study.

40AT/39Ar ANALYSES

Step-heating 4CAr/ A2 Ar analyses were conducted on three
samples of hornblende separated from Toodoggone volcanic
rocks, and four samples of potassium feldspar and sericite
separated from hydrothermal alteration zones directly asso-
ciated with gold-silver mineralization. The samples from
volcanic rocks were selected to evaluate the age relationship
between the two main stages of Toodoggone volcanism.
Samples from ore zones were chosen to accurately date the
most important deposits in the area, to provide information
on the relationship between deposits associated with both
adularia-sericite and acid-sulphate alteration styles, and to
constrain metallogenic events in the district.

SAMPLE DESCRIPTIONS

Sample SH-11 is from an andesitic crystal-lapilli tuft unit
(*“Unit 9" of Marsden and Moore, 1990} located 1.5 kilo-
metres north of the Shasta mine (Figure 2-7-1). The tuff is
the youngest unit of the Toodoggone Stage I volcanics in the
Jock Creek area. Hornblende comprises 3 per cent of the
rock, and consists of euhedral to broken crystals (200-1000
pm) that exhibit no evidence of alteration. Lithic fragments
in the tuff sample are similar in composition to the matrix
and crystals, and contain optically identical hornblende
graims.

Sample BK87-03 was collected from the “Tiger Notch
area’’, 1.8 kilometres north of the Baker mine (Figure
2-7-1). The sample is from the basal part of an andesitic/
dacitic ash-flow tuff that forms the magor unit of the second
stage of the Toodoggone volcanics (““grey dacite” unit of
Diakow et al., 1985). Hornblende comprises 5 per cent of
the rock and consists of euhedral to broken crystals
{200-1500 m) with slightly oxidized rims (5-10 pm thick).

The material used from sample GSC 76-77 consists of a
hornblende separate, part of which has been previously
analysed by the K-Ar method. The original sample was
obtained from an outcrop mapped by Diakow et af. (1985)
as part of the “grey dacite” unit, located approximately
9 kilometres north-northeast of the Kemess prospect (Figure
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2-7-1). The hornblende gave a K-Ar age of 1838 Ma
(Gabrielse ¢t al., 1980; age recalculated using the constants
of Steiger and Jiger. 1977).

Sample LW-037 is from an andesitic/dacitic tuff
(“welded trachyte tuff™ unit of Vulimiri et al., 1987)
exposed in the 1750-level adit of the AGB zone at the
Lawyers mine (Figure 2-7-1). The sample exhibits strong
potassic alteration, brecciation and gold-stlver mineraliza-
lion. Alteration is complete, and no primary potassium-
bearing phases remain from the original tuft. The sample
constists of 40 to 50 per cent potassium feldspar as replace-
ments of plagioclase crystals (200-3000 wm). and as altera-
tion of the tuff matrix (20-100 pwm). Minor sericite
(<C3 per cent) occurs as irregular alteration patches in the
potassium feldspar, but is considered to be synmineraliza-
tion in age. Fracture-controlled ankerite alteration locally
overprints the potassium feldspar.

A similar sample of material rich in potassium feldspar
(LW-011) was obtammed from a trench on the Cliff Creek
zone at the Lawyers mine (Figure 2-7-1). The sample is
from an andesitic/dacitic tuff unit (“upper andesite™ of
Vulimiri er ¢f., 1987) that has been potassically altered and
locally brecciated, and contains gold-silver mineralization,
Alteration is complete, and no primary potassic phases
remain in the rock. Potasstum feldspar comprises 30 to 40
per cem of the sample. and consists of replacemems of
plagioclase crystals (200-2000 pm) and alteration of the tuff
matrix (20-100 wm). Sericitic alteration of the potassium
feldspar is minor (<1 per cent), and is considered to be
associated with the mineralizing event.
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Figure 2-7-1. Distribution of the Toodoggone voleanics and
locattons of samples used for #Ar°Ar analyses.
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Sample SH84-03 is from 94,5 metres depth in drill hole
84-03 on the Creck rzone at the Shasta mine (Figure 2-7-1).
The rock is a dacitic ash-flow wtl ("Unit 537 of Marsden
and Moore, 1990) that has undergone intense potassic
alteration, and contains quartz stockworks and weak gold-
silver mineralization. Potassium feldspar in the sample is
well crystallized, and generally appears to have been pre-
cipitated in open spaces created by an eartier alteration and
dissolution event. The potassium teldspar exhibits an
adularia-type habit (Felsobanya), and comprises 80 to 90
per cent of the sample. Adwlaria occurs as euhedral to
subhedral grains (50-800 pm) and as {ine-grained
(<25 pm) flooding of the matrix. Larger grains contain
slightly wrbid centres due to finely disseminated hematite.
Minor sericitic alteration. (<5 per cent) occurs as irregular
patches throughout the sample, but is considered to have
formed closely after mincralization.

Sample A88-33 is from 73.8 metres depth in drill hole
88-33 on the South Bonanza zone of the Bonanza deposit
(Figure 2-7-1). The Bonanza deposit is characterized by
acid-sulphate alteration, but locally contains sericite at
depth. The hostrock is an andesitic to dacitic ash-tflow tuff
that has undergone complete alteration o a sericite-guart -
pyrite assemblage that contains gold. The sample consists of
60 10 70 per cent sericite that X-ray diffraction indicates to
be dominantly 1M illite. The sericite grains arc subhedral
(20-200 pm} and generally replace the originatly feld-
spathic components of the tuff. Truces of dickite occur
locally in quartz and sericite.

ANALYTICAL METHODS

Most of the mineral separations, and all the argon deter-
minations were conducted in the Department of Geology.
University of Maine at Orono, under the direction of Daniel
R. Lux. Sampies were crushed and sieved to uniform grain
sizes, and standard magnetic and density methods were used
o extract hornblende. potassium feldspar and sericite. The
mincral separates were encapsuiated in foil and sealed in
sifica-glass tubes, and then irradiated in the HS facility of
the Ford nuclear reactor at the University of Michigan.
MMhb-1 (Alexander or af., 1978) and several internal stan-
dards were used as irradiation monitors. The irradiated
samples were heated in molybdenum crucibles in an ultra-
high vacuum system using a radio frequency induction
furnace. Standard gettering techniques were employed to
purify the rare gases from the sample. The argon isotopic
compositions were measured with a Nuclide 6-60-SGA
mass spectrometer. Peak height-time values were extrapo-
lated to time-zero by both linear and quadratic routines.
Aliguots of atmospheric argon were analysed daily it order
to determine mass discrimination values. Potassium and
calcium salts were analysed with each batch of samples to
determine correction factors for unwanted argon irradiation
products.

Ages and errors were calculated using the equations of
Dalrympic er af. (1981), and the decay constants and iso-
topic compositions of Steiger and Jiger (1977). Errors are
given for twe standard deviations, plus a 0.5 per cent uncer-
tainty in the irradiation parameter (J). Plateaus were deter-
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mined using the criteria of Fleck ef af. (1977), and the
critical value test (Dalrymple and Lanphere, 1969) was used
to evaluate concordance between successive increments.

REsuLTs

The results of the ¥'Ar/*Ar analyses and apparent ages
of the gas fractions are given in Table 2-7-1,

Sample SH-11, from the upper strata of the first stage of
the Toodoggone volcanics, has a total gas age of 197.9+2.2
Ma. The high ages of the lower temperature gas fractions
show that the hornblende contains some excess 4UAr. Stan-
dard data treatment yields a platean age of 195.1£1.6 Ma
(Figure 2-7-2a). Use of the isolope correlation data treat-
ment (Fig. 2-7-2b) indicates that the sample has a nonat-
maospheric *PArA0Ar ratio of 3379, which allows calcula-
tion of an adjusted plateau age of 193.822.6 Ma (Figure
2-7-2c). This result can be considered 1o approximate the
minimum age for the Toodoggone Stage T volcanic rocks.

Homnblende (BK87-03) from near the base of Toodog-
gone Stage 1 volcanics also contains minor eXcess argon,
and has a total gas age of 197.8+2.5 Ma. Standard treat-
ment of the data suggests a plateau age of 194419 Ma
{Figure 2-7-3a). The isotope correlation method indicates a
refatively high 4CAr/*Ar composition of 34927 (Figure
2-7-3b), and yields a recalculated plateau age of 192.9+2.7
Ma (Figure 2-7-3¢c).

In order to check the apparent closeness in age of the
upper Stage | and lower Stage Il volcanics, we analysed an
additional hornblende separate (GSC 76-77) fram the “grey
dacite™ unit. The sample shows evidence of a disturbed
argon history in the lower temperature gas fractions which
may be due to a superimposed excess *'Ar component and a
slight argon loss. The total gas age is 193.0+2.4 Ma, and
the plateau age is 193.8+2.5 Ma (Figure 2-7-4a). The iso-
tope correlation treatment indicates a near-atmospheric
4OAr/*Ar ratio of 27812, and a concordant intercept age
of 1942+3.6 Ma (Figure 2-7-4b). The age of the basal
Toodoggone Stage I volcanics thus falls in the range of 194
to 193 Ma, and must be only slightly younger than the
underlying Stage 1 rocks.

Sample LW-037, a potassium feldspar separate from the
AGB deposit at the Lawyers mune, yields quite straightfor-
ward results. The lower temperature steps of the age spec-
trum show that the teldspar has undergone minor loss of
radiogenic argon (*'Ar); the sample has a total gas age of
186.021.9 Ma. The plateau age is 188.2+2.3 Ma (Figure
2-7-5), and the isotope correlation method indicates an
atmospheric “UAr/*Ar compesition of 291+77 and an
intercept age of 188.0% 1.8 Ma,

A potassium feldspar separate (LW-011) from the Cliff
Creek zone of the Lawyers mine yields results similar to
those for the AGB deposit. There is 4 very slight 40Ar loss
suggested by the lowest temiperature gas fraczions, and the
total gas age is 188.1£3.9 Ma., The plateau age i«
189.7%2.6 Ma (Figure 2-7-6). The main orebodies at the
Lawyers mine are therefore well constrained, with an age of
190 to 188 Ma.

The results from the Shasta mine adularia sample
(SH84-03) are quite similar to those from the Lawyers
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TABLE 2-7-1

40Ar/¥Ar ANALYTICAL RESULTS AND APPARENT AGES OF MINERALS FROM TOODOQGGONE VOLCANIC ROCKS
AND EPITHERMAL GOLD-SILVER DEPOSITS,

Temp. AOATOAT FTAT/MAr AR Ar WAr AL A0 K/Ca Agexlo
°C 10 ' mol % 10L. e Ma
SH-11 Hornblende (J=0.006075)
33.39 1.152 0.0372 164 23 67.3 0.425 231.0=4.1
33.13 1.224 0.0387 76,7 4.8 65.7 0.400 224.3%£25
27.05 3.007 0.0254 76.7 4.8 73.0 0.163 204.812.0
2238 4.495 0.0128 [17.0 7.3 4.7 0.109 197.2£2.2
19.79 5.298 0.0051 3211 20.1 94.5 0.092 1947+19
1946 5386 0.0039 3783 237 946.2 0,091 195022
1947 5.447 0.0038 256.1 16.0 96.4 0.090 1955219
19.47 5.627 0.0041 161.2 10.1 96.1 0.087 194 823
19.59 5.965 0.0044 175.5 11.0 95.7 0.082 195221
1599.0 100.0 197922
BK87-03 Hernblende (J=0.05984)
74.49 16.560 0.1602 234 21 38.2 0.029 287.0+14.5
53.60 11.170 0.1070 26.0 23 427 0.044 233.0=73
22,53 5.302 0.0124 117.0 10.3 85.6 0.092 197.7+2.0
21.73 5.127 0.0094 741 6.5 §9.0 0.005 198,323
19.94 4,926 0.0048 140.4 12.3 94.8 (.099 193.9+2.3
19.66 4,889 0.0037 374.4 32.8 96.4 0.100 194.4*2.1
20.00 5.224 0.0048 384 8 338 Q9449 0.093 1948+22
1140.1 1O0L0 1978225
GSC 76-77 Hornblende (J=0.00622)
69.12 0.666 0.1736 224 1.0 258 0.735 190.1+4.4
45.80 (.544 0.0974 3.2 1.3 37.2 (.500 181.8+8.7
38.95 0.653 (0.0782 27.2 1.2 40.7 (.749 169.9+4.8
36.11 1.360 0.0710 20.8 0.9 42.1 0.360 163.4+4.2
2251 4.536 0.0182 149.6 6.5 78.2 0.108 191.3+2.8
20.79 4.846 0.0098 3144 13.6 88.1 D.101 195326
19.92 4.993 0.0076 6H68.0 28.9 90.8 0.098 193,1=2.0
19.90 5.058 0.0073 612.8 26.5 91.2 0.096 193.7+1.9
20.09 5.120 0.0077 467.2 20.2 90.8 (.095 194.6*2.5
23136 0.0 1930+24

mine. The lowest temperature gas fractions indicate that
there has been minor ioss of radiogenic argon; the total gas
age ts 187.121.9 Ma. The standard data treatment yields a
plateau age of 188.1+ 1.8 Ma (Figure 2-7-7a), but the iso-
tope correlation technique suggests a slightly higher than
atmospheric 40Ar/3¢Ar ratio of 32649 and an intercept age
of 186.7+2.0 Ma (Figure 2-7-7b). Applying the nonat-
mospheric 4"Ar/3¢Ar composition to the data results in an
adjusted plateau age of 186.7%1.7 Ma (Figure 2-7-7¢).

Sample A88-33, consisting of sericite from the Bonanza
deposit, gives a fairly complicated gas-release pattern. In
addition, the sample was heated to relatively high tempera-
tures prior to the first gas analyses, which further compli-
cates interpretation of the results. Most of the argon was
released from the sericite in the first three steps, and yieided
unexpectedly old apparent ages for these gas fractions.
Higher temperature increments give younger ages but
involve only small amounts of argon. The total gas age for
the sample is 206.8x2.3 Ma, and the plateau age by stan-
dard calculation is 207.7x2.7 Ma (Figure 2-7-8a), These
ages are geologically unreasonable (i.e. older than the host-
rocks), as is the intercept age from the isochron diagram.
However, the age spectrum only provides a model age, and
following the approach of Heizler and Harrison (1988), may
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be reselved into thermally and compositionally distinct
argon components, For example, the last three gas fractions
define an isochron which has an atmospheric 4CAr/3¢Ar
ratio of 29123, and an intercept age of 195.9+59 Ma
(Figure 2-7-8b). Steps 1, 2 and 5 indicate a high 40Ar/3%Ar
ratio of 544+ 192 and an intercept age of 196.4+4.7 Ma
(Figure 2-7-8b). The inclusion of steps 3 and 4 in the
treatment of isotope correlation data results in unreasonably
old ages. The preferred interpretation for the age of the
sericite is thus approximately 196 Ma. As ages older than
approximately 197 Ma are not geologically reasonable, the
2o error limit allows for ages in the range of 197 to 190 Ma.

Sample A88-33 may have been affected by processes that
could have disturbed the argon systematics: excess argen,
recoil phenomena and mixed phases. Excess argon could
have been introduced into the sericite during emplacement
of dacitic porphyry dikes thought to postdate, but be closely
related to formation of the Bonanza deposit. Two narrow
{1-2 m) dikes occur within 10 metres of the sample location,
and a larger dike (20-30 m thick) is projected to occur
approximately 100 metres away, Argon, with a non-
atmospheric 4UAr/36Ar signature, may have affected the
sericite during the thermal disturbance associated with dike
emplacement, and be responsible for the difficulties in inter-
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TABLE 2-7-1 — Continued

4WAr/AT ANALYTICAL RESULTS AND APPARENT AGES OF MINERALS FROM TOODOGGONE VOLCANIC ROCKS
AND EPITHERMAL GOLD-SILVER DEPOSITS.

Temy. AOAr/EAr VA Ar BAT/ AT WAr PAr SO+ K/Ca Age+2o
°C 10-1% mol 9 tot. % Ma
LW-037 K-Feldspar (J=0.006145)
18.88 0.0104 0.0072 8294 9.1 88.6 47.06 176.5+1.7
18.55 0.0069 0.0044 1183.0 13.0 92.8 70.64 181.4*1.7
18.51 0.0047 0.0028 750.1 8.2 95.3 104.57 185.7x1.8
18.36 (10051 0.0017 655.2 7.2 97.1 95.64 187526
18.27 (L0032 0.0009 646,1 7.1 98.5 155.29 189.2x1.8
18.23 (L0039 0.0009 7709 8.4 98.4 125.03 188.6C1.8
18.38 (.0043 0.0016 7397 8.1 97.3 113.22 188.0x£2.1
18.61 0.0037 00027 1366.3 150 956 133,78 1871218
18.96 0.0035 0.0035 1021.8 11.2 94.4 141.87 188.2x1.8
19.09 0.0038 0.0039 1166.1 12.8 93.9 128.43 I8RAX1.8
9128.6 100.0 186.0x19
LW-011 K-Feldspar (J=0.006207)
19.69 00011 0.0081 843.7 16.3 87.7 427.98 183.8+2.1
19.53 0.0007 0.0070 7514 14.5 89.3 705.65 185.4+%2.1
19.26 (.0008 0.0047 464.1 3.0 92.7 627.59 189.5x1.9
19.23 ¢.0003 0.0042 356.2 6.9 93.4 1549.21 190.7£1.9
19.21 0.0008 0.0041 296.4 5.7 93.5 600.43 190.8+1.9
19.28 0.0010 0.0045 466.7 9.0 929 497.52 190.2x1.8
19.64 0.0007 0.0058 608.4 1.7 91.1 750.44 189919
19.77 (1L.0003 0.0068 508.3 9.8 80.7 606.59 1883418
19.90 0.0008 0.0069 377.0 7.3 89.6 613.73 189.321.8
20.04 0.0011 0.0674 508.3 u.8 88.9 440.41 189.2x18
5180.5 100.0 88.1+39
SH84-03 Adularia (J=0.00619)
22.70 0.004 0.0196 582.4 59 74.4 128.32 179322
21.13 0.003 0.0130 759.2 7.7 81.6 170,57 183.0x2.1
19.62 0.003 0.0069 609.7 6.2 89.4 165.41 186.1+1.9
18.83 {003 0.0036 595.4 6.1 94.1 166,97 187.8x2.0
18.86 (003 0.0035 1034.8 10.6 94.3 174.93 188418
18.99 0.003 0.0042 1249.3 12.7 93.3 177.77 187.8x1.8
19.09 0.003 0.0045 1353.3 138 929 162.00 1879x18
19.17 0.003 0.0048 1290.9 13.2 92.5 152.81 187.9x18
19.26 0.003 0.0050 1223.3 12.5 92.1 166.72 188.0xX1.8
19.47 (1003 0.0055 11324 11.2 9L6 151.26 188.91.8
98007 100.0 187.1+19
A88-33 Sericite (J=0.006215)
21,28 0.0071 0.0052 629.2 271.9 927 69.23 208720
20.71 0.0071 0.0038 765.7 338 94.5 68.62 207.0£2.0
20.30 (.0070 0.0023 439.4 19.4 96.5 69.96 207.3+24
20.14 0.0110 0.0023 249.6 1.0 96.5 44.66 205.7x2.0
20.09 0.0217 0.0030 102.7 4.5 95.5 22.55 203327
20.77 0.0592 01,0069 46.8 2.1 0.1 8.27 198.6+3.6
24 99 0.85376 (0242 195 09 714 311 18374155
51.87 .7206 0.1140 15.6 0.7 351 0.68 193.6-10.8
2268.5 100.0 2068123

preting steps 3 and 4. It is not possible to resolve these steps
without an additional heating experiment using a larger
number of steps. A less likely problem, but cne worth
considering, is the possibility of recoil effects during irra-
diation, For illite, Halliday (1978) has shown that 3“Ar can
be readily lost from fine-grained (<5 ywm) material during
irradiation, which leads to anomalously high apparent ages.
The illite in sample A88-33 is significantly coarser grained,
averaging 20-200 micrometres, but some of the grains at the
lower end of this range could have been affected by recoil to
some degree. However, the illite in sample A88-33 is domi-
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nantly of the 1m polytype, and may be less affected by
recoil than more disordered iilite. For example, Hunziker
et gl. (1986) found that 2m, illites were more resislant to
recoil than 1Md illite, even in sirnilar size fractions. There-
fore, recoil effects were probably not sufficient to control
the distribution of argon i this sample. A final possible
problem with sample A88-33 is the purity of the mineral
separate. Although every effort was made to attain a high
degree of purity, the drop in calculated potassium/calcium
ratios in the last few heating steps suggests degassing of a
small amount of a low-potassium mineral phase. The only
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Figure 2-7-2a. Age spectrum for hornblende SH-11.
from the upper strata of the Toodoggone Stage 1 voleanics,
calculated assuming an atmospheric composition
(HCAr/*Ar=2095.5) for trapped argon. T, is the total gas age,
and T, is the plateau age.
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Figure 2-7-2b. Isochron diagram for step-heating data
from hornblende SH-11. The #“Ar/3Ar=3379, and the
intercept age is 193.8+1.3 Ma (MSWD=2.8).
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Figure 2-7-2c. Age spectrum for hornblende SH-11 cal-
culated using the trapped 4CAr/**Ar ratio indicated by the
isotope correlalion data treatment.
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Figure 2-7-3a. Age spectrum for hornblende BK§7-03.
from the lower strata of the Toodoggone Stage 11 volcanics,
calculated assuming an atmospheric argon composition.
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Figure 2-7-3c. Age spectrum for hornblende BKE7-03
calculated using the trapped *°Ar/3SAr ratio indicated by the
isotope correlation data treatment.
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Figure 2-7-4a. Age specirum for hornbiende GSC 76-77,
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ing an atmospheric composition tor trapped argon.
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Figure 2-7-4b. Isochron diagram for step-heating data
from homblende GSC 76-77. The SCAr/*0Ar =278% 12, and
the intercept age is 194.2+3.6 Ma (MSWD=2.6).
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Figure 2-7-5. Age spectrum for potassium feldspar
LW-037 from the AGB deposit at the Lawyers mine. calcu-
lated using an atmaspheric composition for trapped argon.
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Figure 2-7-6. Age spectrum for potassium feldspar
LW-0L1 from the Cliff Creek deposit at the Lawyers mine.
calculated using an atmospheric composition for trapped
argon.
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Figure 2-7-7a, Age spectrum for adularia SH84-03, from
the Shasta mine, caleulated assuming an atmospheric com-
position for trapped argon.
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Figure 2-7-7b. Isochron diagram for step-heating data
from adularia SH84-03. The *0Ar/3*Ar,=326+49, and the
intercept age is 186.72.0 Ma (MSWD=2.8).
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Figure 2-7-7c. Age spectrum for adularia SH84-03 cal-
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Figure 2-7-8a. Age spectrum for sericite A88-33, from
the Bonanza deposit, calculated assuming an atmospheric
composition for trapped argon. The total gas and plateau
ages are too old to be geologically reasonable.
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Figure 2-7-8b. Isochron diagram for step-heating data
from sericite A88-33. Two linear arrays are defined by the
data which yield an age of 196 Ma, but appear to have
different trapped *UAr/3%Ar ratios of 543192 (MSWD=6)
and 291*23 (MSWD=6). Steps 3 and 4 (circles) cannot be
resolved without additional information.
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possible contaminants are quartz and dickite. Both these
minerals formed contemporanecusly with the sericite; trace
amounts of potassium from inclusions, and recoil-induced
19Ar may have been released from these minerals during the
higher temperature heating steps.

The concordance of isochrons using both low and high-
temperature gas fractions (Figure 2-7-8b) suggests that,
despite the complications discussed above, the CAr/3*Ar
data provide a reasonable estimate of the age of alteration in
the Bonanza deposit.

DISCUSSION

The results of this *Ar/39Ar study have important
implications for the age of both the Toodoggone volcanics
and related epithermal gold-silver deposits.

In general, the Toodoggone volcanics are older than was
suggested by previous K-Ar data, and are much more
restricted in their range of ages. The basal Toedoggone units
have been fixed at ~197.6 Ma by the 4CAr/*?Ar analysis of
Shepard (1986), and the youngest age determined in our
study for rocks near the top of the volcanics (*“grey dacire”
unit) is ~192.9 Ma. Although a small volume of younger
volcanics overlying the ““grey dacite” unit has been mapped
by Marsden and Moore (1990), and erosion has not been
taken into account, most of the Toodoggone voleanics
appear to have formed during the earliest Pleinsbachian
through the earliest Toarcian (i.e. entirely Early Jurassic;
boundary estimates from Kent and Gradstein, 1985). Within
this range it is possible to divide the volcanics into two
stages on the basis of geological observations, but the stages
cannot be distinguished from the geochronological data
alone. Stage I rocks exhibit widespread, low-grade altera-
tion, contain numerous gold-silver showings and range in
age between 198 and 194 Ma, Stage II volcanics are less
altered than Stage I, are not known to host significant
mineralization, and have an age range in of 194 to 193 Ma.
The 20 errors in the 4°Ar/3%Ar ages are large enough to
aliow a hiatus of up to several million years between stages,
but the stages are of essentially the same statistical age. For
these teasons, we prefer to retain the division of the
Toodoggone volcanics into two stages until such time as
data clearly to the contrary become available.

The timing of the gold-silver mineralizing event in the
district is significantly older than was suggested by previous
K-Ar data. Deposits related to adularia-sericite alteration
(e.g. Lawyers AGB and CIliff Creek, Shasta) formed
between 187 and 190 miilion years ago, that is up to several
million vears following cessation of the main part of
Toodoggone volcanism. In contrast, deposits associated
with acid-sulphate alteration may have formed earlier in the
Toodoggone volcanic history, The Bonanza deposit has an
age of ~196 Ma and thus formed synchronously with
Toodoggone Stage I volcanisin. Although alunite 40Ar/3%Ar
ages were not determined in this study, the previous K-Ar
ages for alunite of 1907 Ma (Alberts Hump; Schroeter,
1982) and 1937 Ma (Jan; Ciark and Williams-Jones,
1989) are much older than K-Ar adularia and sericite dates.
These alunitic alteration zones may also have formed during
Stage I volcanism. A similar relationship, with adularia-
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sericite-related deposits forming up to several million years
after the hostrocks, and acid-sulphate-type deposits forming
almost contemporancously with volcanism, has been docu-
mented for a number of other epithermal districts (¢f. Heald
et al., 1987).

In spite of the paucity of alteration and mineralization in
the Toodoggone Stage II volcanics, it appears that these
rocks do constitute prospective units for exploration for
Lawyers-type gold-silver deposits. Our revised metal-
logenic model suggests that all Toodoggone volcanics,
underlying units, and coeval intrusions could contain epi-
thermal mineralization. Regional-scale, low-grade alteration
and acid-sulphate style gold mineralization appear to be
restricted to the older, Stage 1 volcanics and possibly under-
lying units. However, all epithermal gold-silver mineraliza-
tion in the district appears to have been related to
Pleinsbachian to earliest Toarcian volcanic events, and mid-
Pleinsbachian o mid-late Toarcian hydrothermal activity.
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