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Figure 4. Sketch map showing the distribution of the Addy Quartzite in the Chewelah 1:100,000-scale quadrangle.

JIDONVIAVNO 000°001:L HYTIMIHD






















































118° 00
48° 30’

Kip 117° 00’

o

X

f 48 30'

g Addy
S \
@
Q( Chewelah
=20
ﬁ ZIL\Q
Zi’d éi
7,
4
Q’Jihb
J
Zi KT
~v %
Springd l-
: ngdale
,xv, Kib y“’% pring
Kib
48° 00 " 48:" oo
118° 00’ 117° 00

6 .
0 ? ‘} il l8 110 Kilometers CHEWELAH

1:100,000 quadrangle

0 12 3 4 5Mies

JIDONVYIAVYND 000°001:L HY1IMIHD

























































99

Table 1. Isotopic ages of sedimentary, volcanic, and metavolcanic rocks and deposits in the Chewelah 1:100,000-scale quadrangle

Map
Map loc. : Sample
Unit symbol  no. Age Method Material Reference Location no.
postglacial facustrine Qla 1 5870 yrB.P. '“C charcoal E. P. Kiver, SE/4NW/4 sec. 2, 3781
deposits ' EWU, written T.32N,, R.43E.
commun., 1988"
dacite flows of the Evd, 2 50.4+1.3 Ma  K-Ar biotite Pearson and center sec. 27, A7
Sanpoil Volcanics 51.0+1.8 Ma hornblende Obradovich T.33N,, R.44E.
(1977)2
tuff Ewvt 3 53.0+1.5 Ma K-Ar biotite Pearson and SE/4NE/4 sec. 9, Al
Obradovich T.33N., R.44E.
(1977)2
Huckleberry Formation,  Zmv, 4 238 Ma ® K-Ar whole-rock Miller and others ~ 48°24" ° 6
greenstone member : (1973 117°44’
5 415 Ma?® K-Ar whole-rock Miller and others ~ 48°25°'% 5
(1973)* 117°43'
6 481 Ma ® K-Ar whole-rock Miller and others  48°25° 4
(1973)* 117°43'
7 613 Ma? K-Ar pyroxene Miller and others  48°25'® 4
(1973)* 117°43’
8 688 Ma ° K-Ar plagioclase Miller and others ~ 48°24'° 1
(1973)* 117°44'
‘9 734 Ma? K-Ar whole-rock Miller and 48°25'5 3
Engels (1973)* 117°43’
10 838 Ma? K-Ar whole-rock Miller and 48°25'5 2
Engels (1973)* 117°43'
11 862 Ma * K-Ar whole-rock Miller and 48°24'5 1
Engels (1973)* 117°44'
12 929 Ma ? K-Ar plagioclase Miller and 48°25'% 4
Engels (1973)* 117°43"
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Table 1. Isotopic ages of sedimentary, volcanic, and metavolcanic rocks and deposits in the Chewelah 1:100,000-scale quadrangle (continued)

Map
Map loc. Sample
Unit Symbol  no. Age Method Material Reference Location No.
Huckleberry Formation,  Zmv, 13 762+44 Ma Sm-Nd whole-rock Devlin and 48°25' 1
greenstone member isochron  and 3 others (1988)° 117°43
pyroxene
separates
14 674+212 Ma  Sm-Nd 7 whole-rock  Devlin and - ‘ 1-7
isochron samples others (1988)°
15 795+115 Ma Sm-Nd - 7 whole-rock  Devlin and -7 1-7
isochron samples and others (1988)°
2 pyroxene
separates

! Sample analyzed at Washington State University's Radiocarbon Dating Laboratory, Pullman, WA, Sample taken and submitted by E. P. Kiver, Eastern Washington University. Sample
was counted in a 100 cc detector for about nine days. Sample was equivalent to 120 mg of carbon. Analysis based on a hall-life for radiocarbon of 5,570 +/- 30 yr. Zero age
is A.D. 1850,

* Pearson and Obradovich (1977): No constants reported. Analytical data reported In table 2.

* K-Ar ages originally calculated using the "old” constants {refer to note 4) are recalculated using table 2 in Dalrymple (1979). The recalculated ages take into account the "new* constants
recommended by the IUGS Subcommission on Geochronology (Steiger and Jaeger, 1977). The effect of the new constants on the ages is non-linear. The maximum error
introduced by using Dalrymple’s (1979) table 2 is 0.01%, and recalculated ages are no more precise than the number of signifigant digits in the original age. Original error (1) values
are not recalculatable.

‘ Miller and others (1973): Constants usad-*K/K ;= 1.19 x 10*molimol, A, = 4.72 x 10™%r", A, = 0.585 x 10™°%yr". Analytical data reported in table 1. Although the K-Ar ages have
a wide scatter, Miller and others {1973} postulate the [meta]volcanic flows were extruded between 825 Ma and 900 Ma; they propose the scatter of ages resulted from the analyses
of materials in which the degree of alteration varied and that the most reliable results are from the least altered specimens. Devlin and others {1985) conclude the Rb-Sr system
of the sampled rock was disturbod implying that tho K-Ar system was also disturbod and as a consoequence, all K-Ar ages are suspect.

* Sample locations originally shown in Miller and others' (1973) figure 3. Longitude and lalitude are from Engels and others (1976, sheet 2) and are rounded to tha nearest minute,

¢ Devlin and othars (1988): 'Sm=6.54 x 10"*%r", Analylical data reported in table 1 for whole-rock samples and in table 2 for pyroxene separates. Devlin and others {1988, p. 1510}
conclude, of the three Sm-Nd ischron age estimates, the whole-rock-pyroxene separate age of 762+44 Ma from the least altered basalt sample (sample no. 1) is the most reliable.

7 Devlin and others’ (1988) sample nos. 1 through 7 are the same samples from the same locations shown in Devlin and others' {1985) table 1. Sample no. 1 was taken from the top
of a flow located at about 48°25'latitude and 117°43' longitude; sample no. 2 was taken from about 40 cm below the top of the flow from the same location; sample no. 3 was taken
from about 4 m below the top of the flow from the same location. Sample no. 4 was taken from a dilferent location than samples 1 through 3 but still about 48°25’ latitude and
117°43' longitude. Both sample nos. 5 and 6 were taken south of the location of sample nos. 1, 2, and 3; lastly, sample no. 7 was taken from the *Irene volcanic formation, collected
along Canada Route 3, southern British Columbia” (Devlin and others, 1985, table 1), Because the age determinations for location nos. 14 and 15 were made by using more than
one sample from more than one localily, nos. 14 and 15 are shown on Plate | with an open triangle, For this report, latitude and longitude, as reported by Engels and others (1976,
sheet 2), have been rounded to the nearest minute.
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Table 2. Major oxide analyses of igneous rocks from the Chewelah 1:100,000-scale quadrangle

Sample no. gl?rx\)bo! Subsection Sec. Twp. Rge. Si0, AlLO, Tio, Fel MnO Cal Mg0 K,0 Na,0 P,0,
3543334GZ Kiat,? SW/ANW/ANE/4 33 a5 43E 57.81 16.64 1.29 7.73 0.16 5.26 4,02 4.37 2.34 0.36
3241186DZ JTrii,? NW/4NE/4SW/4 18 32 41E 6209 1796  0.56 570 0.11 5.60 1.57 - 3.00 3.15 0.26
324035882 Eva NW/4SW/4SW/4 35 32 40E 59.51 1667 0.91 5.79 0.08 6.12 4.65 3.26 3.52 0.50
3140226CZ Ji; SW/ANW/4SW/4 22 31 AdE 62.98 18.34 0.52 4.38 0.11 4.57 1.01 4.25 3.64 0.22
3140211CZ My, SE/4NW/4SE/4 21 31 40E 56.64 1398 212 1166  0.19 6.80 3.40 1.72 3.11 0,37
3139388DZ Ji; NW/ANW/4SW/4 36 31 39E 63.38 18,77 043 3.27 0.10 4.46 0.83 4.19 442  0.16
3139365FZ Ji NE/4SE/ANW/4 36 31 38E 64.26 18.56 0.45 3.78 0.11 4.87 1.07 1.89 4.83 0.18
2941116GZ Eia, SW/ANE/ANW/4 11 29 41E 6574 1539  0.65 3.98 0.07 3.66 2.36 4.04 3.79 0,30
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Table 3. Trace element analyses of igneous rocks from the Chewelah 1:100,000-scale quadrangle

Sample no. g/?rr\)bot Ni Cr Sc Vv Ba Rb Sr Zr Y Nb Ga Cu 2Zn
3543334GZ Kiat,? 25 44 21 191 1300 250 496 71 49 33.0 18 10 89
3241186DZ JTrii,? 6 3 13 80 489 112 788 192 30 17.0 20 8 52
3240358B2 Eva 134 262 16 124 1442 69 1062 213 18 15.0 20 38 77
3140226CZ Ji, 13 5 g 53 1339 138 1007 218 28 19.0 21 9 64
3140211CZ MV AO 15 29 300 702 48 323 184 36 16.0 25 15 119
3139368DZ Ji 11 0 11 46 1337 143 1042 178 20 18.0 20 22 61
3139365FZ Jiy 8 0 11 56 271 92 943 200 - 21 19.0 69 0 0

2941116GZ Eia, 29 42 12 75 1330 114 1017 229 18 16.0 20 9 58
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Table 4. Results of recent conodont sampling in the Chewelah 1:100,000-scale quadrangle

Map
loc. Sample no. Map
no. {USGS Coll. No.) symbol Conodonts Age Location Collected by Identifier
1 75FP-624F Ceb Pb element of Siphonodella Early Mississippian Near center, sec. 27, F. G. Poole A. G. Harris
(26267-PC) sp. indet., Patrognathus? sp.  (Kinderhookian) T.30N.,,R. 40 E. (USGS) (USGS)
indet.
2 A28.9 Ccb "Bispathodus stabilis” Late Mississippian Near center, sec. 27, Mehemed B. R. Wardlaw
(29322-PC) Hindeodus sp., {early Meramecian) T.30N,R.40E, Gheddida (EWU) (USGS)
Taphrognathus sp. 28.9 m above base
3 A32.0 Ccb Hindeodus pulcher (Branson Late Mississippian Near center, sec. 27, Mehemed B. R. Wardlaw
{29323-PC) & Mehl), Taphrognathus sp. (early Meramecian) T.30N,R.40E, Gheddida (EWU) (USGS)
32.0 m above base
4 A145.0 Ccb "Bispathodus stabilis™ Late Mississippian Near center, sec. 27, Mehemed B. R. Wardlaw
(28324-PC) Cavusgnathus sp., (early Meramecian) T.30N,,R.40E, Gheddida (EWU) (USGS)
Hindeodus scitulus (Hinde), 145.0 m above base
Taphrognathus? sp.
5 A149.0 Ccb Hindeodus cristulus Late Misslssippian Near center, sec. 27, Mehemed B. R. Wardlaw
(29325-PC) (Youngquist & Miller) {early Chesterian) T.30N.,R.40E, Gheddida (EWU) (USGS)
149.0 m above base
6 A153.1 Ccb Hindaodus cristulus "Late Mississippian Near center, sec. 27, Mehemed B. R. Wardlaw
(29326-PC) (Youngquist & Miller) {early Chesterian) T.30N,R.40E, Gheddida (EWU) (USGS)
Hindeodus scitulus? (Hinde) 153.1 m above base
7 BB2940168hb Ccb Bactrognathus sp., Late Mississippian NW/4NW/ANW/A, sec. B, B. Bunning A. G. Harris
(29809-PC) Hindeodus aff, H. cristulus (late Meramecian- 16, T. 29 N, R. 40 E. (formerly DGER)
(Youngquist & Miller), early Chesterian
Kladognathus sp. indet,, with redeposited
"Ozarkodina" sp. indet,, Osagean elements)
Windsorgnathus? sp.
8 2940162eZ Ccb Cavusgnathid fragments Late Mississippian SW/4SE/4NE/4, sec. 16, 8. Z. Waggoner A. G. Harris
(30115-PCO Gnathodid or idiognathodid to Early Permian T.29N.,, R 40E. (DGER)
fragment (Chestorian-
Wolfcampian)
9 29401620Zb Ccb Hindeodus aff. H. Early lo Late SW/4SE/ANE/4, sec. 16, S. Z. Waggoner A. G. Harris
(30180-PCO crassidgntatus (Branson & Mississippian T.29 N, R. 40 E. (DGER) (USGS)
Mehl), "Ozarkadina” sp. indet. (Kinderhookian-
Meramecian)
10 3040018cZ Ccb Hindeodus sp. indet. Early to Late SW/ANW/4SW/4, sec. 1, S. Z. Waggoner A. G. Harris
(30116-PC) Mississippian to T.30 N, R 40 E. (DGER) (USGS)
Permian (probably
Mississipplan)
11 3141184aZ Ccb Palmatolepis quadrantinodosa  Late Devonian SW/4SW/4SE/ sec. 18, S. Z. Waggoner A. G. Harris
(11869-SD) inflexa Muller, Pelckys nathus? (early Famennian) T.3IN,RA4VE, (DGER) (USGS)

sp. indet., Polygnathus

semicostalus Branson & Mehl,

Polygnathus sp. indet.
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Table 5. Isotopic ages of intrusive and metamorphic rocks in the Chewelah 1:100,000-scale quadrangle. Refer to Table 1 for map location nos. 1 through 15,

Map Map . Sample
Unit symbol loc. no. Age (Ma) Material Method Reference Location no.
Hypabyssal Dikes
dikes, undivided Ei 16 48.0' biotite . K-Ar Engels and others 48°01’ 294
48.5' homblende (1976)* 17ir
Plutonic rocks in the upper plate of the Newport fault
Galena Point Kia, 17 101 biotite K-Ar Miller and Engels 48°28° 74
Granodiorite ) (1975)° 117°08'
Blickensderfer Kiat, 18 101! biotite K-Ar Miller and Engels 48°25' 73
Quartz Monzonite 102} muscovite 1975y 117°08'
Silver Point Quartz  Eia, 19 3944 3 whole-rock Rb-Sr isochron Armstrong and others
Monzonite samples: (1987)*
granite 48°05° RS-77-6
117°19'
aplite dike 48°06 RS-77-6
117°19°
aplite dike 48°05° RS-77-6
4 .
Plutonic rocks in the lower plate of the Newport fault 1719
Silver Point Quartz ~ Eia, 20 4612 1 whole-rock Rb-Sr isochron Armstrong and others
Monzonite sample and 1 (1987)*
separate:
granite 48°05* RS-77-6
biotite 117°19
Silver Point Quartz  Eia, 21 47.9' biotite K-Ar Miller and Engels 48°12' 69
Monzonite 48.0' homblende (1975 "7
22 49.3 biotite K-Ar Miller and Engels 48°08' 68
52,3 hornblonde {1975y "7
23 51 biotite K-Ar Engels in Miller and 48°02" 10
82> hornblende Clark (1975) 117°36'
quartz Ei 24 50' biotite K-Ar Engels in Miller and 48°02' 12
monzodiorite 65%¢ hornblende Clark (1975) 117°43°
fine-grained quartz  Eigm 25 51 biotite K-Ar Engels in Miller and 48°04* 13
monzonite 3z27°* hornblende Clark (1975) 117°40°
26 300** homblende K-Ar Engels in Miller and 48°04" 14
Clark (1975)7 117°40"
27 52° biotite K-Ar Engels in Miller and 48°04" 15
199°%* hornblende Clark (1975) 117°40'
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Table 5. Isotopic ages of intrusive and metamorphic rocks in the Chewelah 1:100,000-scale quadrangle. Refer to Table 1 for map location nos. 1 through 15. (Continued)

Map Map Sample
Unit symbol loc. no. Age (Ma) Material Method Reference Location no.
Fan Lake Kia, 28 49.2'4 biotite K-Ar Miller and Engels 48°02’ 67
Granodiorite 87.4' hornblende (1975)* . 117°15°
29 957 biotite K-Ar Miller and Engels 48°03" 77
97.5' "hornblende (1975)° 117°24'
alaskite intrusive Kiaa 30 807 muscovile K-Ar Engels in Miller and 48°04' 16
. Clark (1975)7 117°34°
Phillips Lake Kiat, 31 49.7'* biotite K-Ar Miller and Engels 48°26° 75
Granodiorite 51,14 muscovite (1975) 117°23'
32 53%* biotite K-Ar Engels in Miller and 48°23 7
59 muscovite Clark {1975 117°35'
a3 57 biotite K-Ar Engels in Mifler and 48°24' 5
69°* muscovite Clark (1975)7 117°371
two-mica Kiat, 34 56 biotite K-Ar Engels in Miller and 48°12' 17
monzogranite of 5734 muscovite Clark (1975) 117°30"
the Nelson Peak
area included in
the Phillips Lake
Granodiorite
leucocratic dike Kiat, 35 6134 biotite K-Ar Engels in Miller and " 48°30° 8
associated with the 86** muscovite Clark (1975) 117°40°
Phillips Lake
Granodiorite
aplite associated Kiat, 36 65% biotite K-Ar Engels in Miller and 48724 18
with the Phillips muscovite Clark (1975)" B R VAcTA
Lake Granodiorite
Flowery Trail JT il 37 66°* biotite K-Ar Engels in Miller and 48°18 3
Granodiorite 146%* hornblende Clark (1975) 117°34°
38 86>* biotite K-Ar Engols In Miller and 48°18' 2
187** hornblende Clark (1975) 117°37°
a9 100> hornblende K-Ar Engels in Miller and 48°17 1
198%* Clark (1975) 117°39
Plutonlc rocks west ol the Jumpolf Joe fault
Midnite mine Kia,, 40 78.1' biotite K-Ar Miller and Engels 48°01° 82
pluton (1975)° 117°52"
Starvation Flat Kia, 41 99 zircon Pb-alpha Larsen and others 48°29° G-115
Quartz Monzonite (1958) 117°53'
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Table 5. Isotopic ages of intrusive and metamorphic rocks in the Chewelah 1:100,000-scale quadrangle. Refer to Table 1 for map location nos. 1 through 15. (Continued)

Map Map Samplo
Unit symbol loc. no, Age (Ma) Material Method Relerence Location no.
Starvation Flat Kia, 42 100' biotite K-Ar Miller and Engels 48°18' 84
Quartz Monzonite (1975) nresr
body at the north
end of Huckleberry
Mountain
Starvation Flat Kia, 43 100° biotite K-Ar ~ Engels in Miller and 48°28° 4
Quartz Monzonite 99° hornblende Clark {(1975)7 117°45°
Lane Mountain Jiy 44 156' biotite K-Ar Miller and Engels 48°10° 83
pluton 169° hornblende (1975) 117°49°
45 160 blotite K-Ar F. K. Miller (USGS oral SEMSW/IA -
162 ) hornblende commun., 1988)"° sec, 30,
T.31N,,
R. 40 E,
46 169° biotite K-Ar F. K. Miller (USGS oral SW/ANW/4  ~
173° hornblende commun., 1988)" soc. 13,
T.31 N,
R. 3G E.
Metamorphic rocks
heterogeneous pGhm 47 1,450 1 whole-rock Rb-Sr isochron Armstrong and others
metamorphic rocks sample and (1e87)*
: bulk-Earth Initial:
"mylonitic*
gneiss 48°14° DL-C

"rir

' Ages recalculated by F. K. Miller (USGS, written commun.,, 1990).

 Engels and others (1976); Analytical data and latitude and longitude reported in table 1; fongitudo and latitude rounded to the nearast minute. No constants were reported so ages
are not racalculated for this report. Age estimatos originally reported in Miller (1974c).

? Miller and Engels (1975): Constants used—*K/K ., = 1.19 x 10 mol/mol, Ay =4.72x 10™yr", and A, = 0.584 x 10™"%r", Analytical data ropor\ed intable 1. Map location numbers
17 and 18 originally reported in Miller (1974a), numbers, 21, 22, and 29 originally.reported In Miller {1974c).

* Armstrong and others (1987): *Rb = 1,42 x 10™'yr", Analytical data and lo}\gitude and latitude reported in appendix 1; longitude and latitude rounded to the nearest minute. Because
the age determinalion for locality number 19 was made by using more than one sample from more than one localily, the location is shown on Plate | with an open triangle.

* K-Ar ages, originally calculated using the "old” constants of “K/K ., = 1.19 x 10* mol/mal, Ay = 4.72x 101!, and A, = 0.585 x 10"%r", are recalculated using table 2 in Dalrymple
(1979). The recalculaled ages take into account the "new" constants recommended by the {UGS Subcommisslon on Geochronology {Steiger and Jaeger, 1977). The eflect of the new
constants on the ages is non-linear. The maximum error introduced by Dalrympla’s (1979) table 2 is 0.01%, and recalculated ages are no more precise than the number of significant
digits in the original age. Original error (t) values are not recalculatable.

(Footnotes continued on next page)
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Table 5 footnotes, continued

¢ Engels (in Miller and Clark, 1875) concludes hornblenda is inherited from older rocks and thus yields older, discordant age estimates. Most inherited hornblende oceurs in clusters
of crystals, contains pyroxena cores, and displays abnormal optical properties.

” Engels (in Miller and Clark, 1975): Constants used—“K/K ,,, = 1.19 x 10* mol/mol (1.19 x 10* atom %), A, = 4.72 X 10"%r, and 3, = 0.585 x 10"°yr". Analytical data reported in
table 3. The ages are recalculated according to Dalrymple (1979, table 2). Latitude and longitude are from Miller and Engels (1875) except for the longitude and latitude for Map location
number 38, which is from Engels and others (1976) and is rounded to the nearest minute.

% Miller and Engels (1975) believe the K-Ar ages are partially or totally reset due to Ar loss resulting from an Eocene thermal event. However, Price and others (1981) consider the
regional trend of discordant age determinations to reflect sequential cooling instead of argon loss and resetting due to an Eocene thermal event; they interpret the concordant older ages
to represent secular (slow and gradual) cooling in parts of the plutons and the younger concordant ages to represent rapid uplift, resulting from tectonic denudation, of parts of the p!utor)s
through the K-Ar blocking temperatures. The discordant ages from co-existing mineral pairs represent the harizon in the plutons where the boundary between secular cooling and rapid
cooling or quenching occurs. For this repon, older age estimates are stil considered lo approach the age of emplacement as suggested by Engels (in Miller and Clark, 1975) ragardless
of the mechanism that caused the discordance,

¥ Larsen and others (1958): Assuming a Th to U ratio of 1, ¢ for zircon = 2,485 (p. 38). « = 876 per mg per hr and Pb = 35 ppm average (table 11). Longitude and latitude are from
Engels and others (1976) and are rounded to the nearest minute.

£ K. Miller (USGS, oral commun.,, 1988): Unpublished age determination. Constants used—“K/K . = 1.19 x10™ molmol, A= 4.72 x 10™%r", and A, = 0.585 x 10"%r". No analytical
data reported. The age is recalculated using table 2 in Dalrymple (1978).

" E, K. Miller (USGS, oral commun., 1988): Unpublished age determination reported to F. K. Miller (USGS) by R, J. Fleck (USGS). Constants used—-¥K/K ., = 1.167 x 10 mol/mol,
Ay = 4.962 x 10", and &, + A, = 0.581 x 10™yr* ("new" constants). No analytical data reported.
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