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1. Middle Ordovician Stickley Run Member (New Name) of the 
Martinsburg Formation, Shenandoah Valley, Northern Virginia 

By Jack B. Epstein,' Randall C. Orndorff,1 and Eugene K. Rader' 

ABSTRACT 

Dark-gray, laminated to thin-bedded shaly limestone 
and calcareous shale and siltstone, previously identified 
as either the Oranda Formation or the lower part of the 
Martinsburg Formation in Virginia and West Virginia, are 
herein revised as the Stickley Run Member (new name) of 
the Martinsburg Formation. Knobby limestone that was 
assigned to the lower part of the Oranda Formation is now 
placed in the underlying Edinburg Formation. The type sec-
tion for the Stickley Run is along U.S. Highway 11, 2.5 mi 
northeast of Strasburg, Va., where the lowest 140 ft are 
exposed. Cross sections indicate that the thickness of the 
Stickley Run is between 610 and 900 ft in Frederick and 
Shenandoah Counties, Va. It is recognised on both limbs of 
the Massanutten synclinorium, thinning to about 100 ft at 
the south end of the synclinorium. The member is also 
present for many miles north of the Virginia-West Virginia 
border, a total distance that probably exceeds 150 mi. The 
lower contact of the Stickle), Run Member is defined as the 
base of the lowest calcareous shale or siltstone or shaly 
limestone above thicker bedded, knobby-weathering, 
medium-gray limestone of the Edinburg, Formation. The 
upper contact is placed at the top of the uppermost platy 
limestone bed, generally about 2 in. thick, underlying non-
calcareous to slightly calcareous shales and graywacke 
of the overlying Martinsburg Formation. The age of the 
Stickley Run Member is Middle Ordovician, as indicated by 
conodont age determinations of younger and older rocks. 

INTRODUCTION 

Limestone, cherty limestone, and calcareous shale of 
Middle Ordovician age overlie dolomite and limestone of 
the Beekmantown Group (Lower and Middle Ordovician) 

U.S. Geological Survey, Reston, VA 22092. 

2 Virginia Division of Mineral Resources, Charlottesville, VA 22903. 

and underlie shale and graywacke of the Martinsburg For-
mation in the Shenandoah Valley of northern Virginia 
(fig. 1). In ascending order, the Middle Ordovician carbon-
ate rocks consist of the New Market Limestone (light-gray, 
very fine grained limestone), the Lincolnshire Limestone 
(dark-gray, cherty limestone), and the Edinburg Formation 
(irregularly bedded and knobby limestone and calcareous 
shale). Butts (1940) identified the limestones immediately 
beneath the Martinsburg as the Chambersburg Limestone 
(fig. 2). Later, approximately 50 ft of calcareous shale and 
siltstone, shaly limestone, and scattered thin beds of meta-
bentonite immediately underlying the Martinsburg were 
named the Oranda Formation by Cooper and Cooper (1946) 
and mapped as such by many subsequent workers. Cooper 
and Cooper (1946) also changed the Chambersburg Lime-
stone to the Edinburg Formation and changed the underly-
ing Lenoir Limestone to the Lincolnshire Limestone. A 
lithofacies similar to that of the Oranda is repeated lower 
within the Edinburg Formation (the Liberty Hall facies of 
Cooper and Cooper, 1946). The original definition of the 
Oranda was based primarily on the occurrence of the 
Reuschella "edsoni- fauna. Platy shaly limestone and cal-
careous shale that overlie the Oranda were placed in the 
lower part of the Martinsburg by Cooper and Cooper (1946) 
and subsequent workers. 

Recent mapping by the U.S. Geological Survey in the 
Winchester 30'x60' quadrangle and in the Strasburg, Va., 
area to the south and mapping by the Virginia Division of 
Mineral Resources south of Strasburg indicate that the 
Oranda of previous usage and the calcareous shale and platy 
limestone that have been placed in the lower part of the 
Martinsburg Formation compose a distinct mappable unit, 
herein named the Stickley Run Member of the Martinsburg 
Formation. The type section is along the northbound lane of 
U.S. Highway 11 immediately east of Cedar Creek and 
approximately 2.5 mi northeast of Strasburg. The member is 
named for Stickley Run, a tributary to Cedar Creek, 0.6 mi 
north of the type section. The overlying Martinsburg con-
sists of shale and graywacke and is not divided into mem-
bers in the area of this report. 
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EXPLANATION 

Outcrop of the Stickley Run Member of 
the Martinsburg Formation 

MS Mississippian, Devonian, and Silurian rocks 

DS Devonian and Silurian rocks 

Area of map 
Om Martinsburg Formation (Upper and Middle

shown in figure 3 
Ordovician) 

OE Middle Ordovician through Lower Cambrian 
mainly carbonate rocks 

Lower Cambrian through Middle 
Proterozoic rocks 

Contact 

v---v- Thrust fault— Sawteeth on upper plate 

0 10 20 MILES 

I r 
1 

r r r 
0 10 20 30 KILOMETERS 

Figure 1. Generalized geologic map of the northern Shenandoah Valley of Virginia showing the outcrop of the Stickley 

Run Member of the Martinsburg Formation. 
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Butts Cooper and Cooper 
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Martinsburg 
Formation 
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(lower part) 
100-

— 25 Oranda 
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>joI j 1 
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7: 

Limestone Edinburg Formation 
Formation 

EXPLANATION 

Calcareous shale and shaly limestone— 
...1" Dots show siltstone beds 

A:=1fil Knobby-weathering limestone1:=1 C=30 

Limestone , 

Figure 2. History of nomenclature of the Middle Ordovician Stickley Run Member of the 
Martinsburg Formation and underlying rocks. 

The lower part of the Stickley Run is well exposed in 
three localities in the Strasburg, Va., area: 
( I ) the type section along U.S. Highway 11 (locality a in 

fig. 3), where the lowest 140 ft are exposed (fig. 4; 
table I ); 

(2) along Virginia Highway 55, 0.4 mi northwest of U.S. 
Highway 11 in Strasburg (the type section of the 
Oranda Formation of Cooper and Cooper, 1946), where 
215 ft are exposed (locality bin fig. 3); and 

(3) along Tumbling Run and U.S. Highway 11, 1.7 mi 
southwest of Strasburg, where about 300 ft are exposed 
(locality c in fig. 3). 

The upper part of the Stickley Run is poorly exposed, and 
descriptions are derived from scattered exposures exam-
ined during mapping. 

The thickness of the entire Martinsburg Formation has 
been estimated to he between 1,500 and 4,500 ft by 
previous workers, with the most recent estimate being 2,800 
ft (Rader and Read, 1989). These figures do not include 
about 50 ft assigned to the Oranda Formation. Because of 
complex folding in the Martinsburg, thickness estimates are 
subject to alternate interpretations. On the basis of detailed 
mapping and construction of cross sections north of Stras-
burg and southwest down-plunge projections to the top of 

the Martinsburg at the contact with the overlying Massanut-
ten Sandstone, the thickness of the Martinsburg, including 
the Stickley Run Member as defined in this report, is deter-
mined to be between 4,600 and 6,500 ft, the higher figure 
probably being more accurate (Epstein, 1993). 

PREVIOUS USAGE OF THE EDINBURG, 
ORANDA, AND MARTINSBURG 

FORMATIONS 

The Martinsburg Formation was first used as a strati-
graphic name by Geiger and Keith in 1891, but no satisfac-
tory definition was given for the unit. The name was 
derived from the town of Martinsburg, W. Va. They errone-
ously believed that the shales at Martinsburg are the same as 
rocks exposed in the Harpers Ferry, W. Va., area that were 
later identified as the Harpers Shale by Keith (1894) and all 
subsequent workers. 

Darton (1892) first described the Martinsburg as con-
sisting of dark slates, shales, and some sandstone. He noted 
that the formation contains thin-bedded limestone at its 
base, whereas Keith (1894) stated that the Martinsburg 
"consists of black and gray calcareous and argillaceous 



	

STICKLEY RUN MEMBER OF THE MARTINSBURG FORMATION, NORTHERN VIRGINIA 5
4 STRATIGRAPHIC NOTES, 1994 

Omu 

EXPLANATION 

Upper part of the Martinsburg Contact—Long-dashed where approximate;
Omu Formation (Upper and Middle short-dashed where inferred or buried be-

Ordovician) neath alluvium or terrace deposits 

Stickley Run Member of the --v--v- Thrust fault—Sawteeth on upper plate.
Oms Martinsburg Formation Dashed where approximate; queried 

(Middle Ordovician) where uncertain 

Edinburg Formation Folds—Long-dashed where approximate;Oe (Middle Ordovician) short-dashed where inferred or buried be-
neath alluvium or terrace deposits

is Lincolnshire Limestone Anticline—Showing trace of axial plane, 
(Middle Ordovician) direction of dip of limbs, and, where 

known, bearing of plunge 
New Market Limestone 4±- Syncline—Showing trace of axial plane, Strike and dip of bedsLOn (Middle Ordovician) direction of dip of limbs, and, where Inclinedknown, bearing of plunge 52 
Beekmantown Group (includes Overturned anticline—Showing trace of VerticalOb Rockdale Run Formation and axial plane and direction of dip of limbs Overturned

Pinesburg Station Dolomite) Overturned syncline—Showing trace of -9E75 
(Middle and Lower Ordovician) axial plane and direction of dip of limbs Horizontal 

SCALE 1:24,000 4/ 
,„ 0 1 MILE 

1-1 }--1 1--E F---i 
05 0 1 KILOMETER 

H F--1 H 1-1 1-1 

Figure 3. Geologic map of the Strasburg, Va., area showing Quaternary alluvium and terrace deposits not shown. Geology Figure 3.—Continued. 
three localities (a—c) where the lower part of the Stickley Run from Orndorff and others (1993), Rader and Biggs (1976), and J.B. 
Member of the Martinsburg Formation is well exposed: (a) type Epstein and R.C. Orndorff (unpub. data). Base from U.S. 
section of the Stickley Run Member, (b) type section of the Geological Survey topographic maps of the Middletown (1986), 
Oranda Formation of Cooper and Cooper (1946), and (c) well- Mountain Falls (1965), Strasburg (1986), and Toms Brook (1978) 
exposed section of the Stickley Run Member along Tumbling Run. 7.5-minute quadrangles. Contour interval 20 ft. 
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shale of fine grain, and shows no variation within this area. 
It contains 80 per cent. of argillaceous and siliceous matter, 
and the remainder is chiefly carbonate of lime." 

Cooper and Cooper (1946) named the Oranda Forma-
tion for 56 ft of interbedded argillaceous limestone, shale, 
calcareous mudstone, cobbly limestone, siltstone, and meta-
bentonite that are transitional between the Martinsburg For-
mation and the underlying Edinburg Formation. The type 
section was established along Virginia Highway 55, 0.4 mi 
northwest of U.S. Highway 11 in Strasburg (locality b in 
fig. 3). The definition was based principally on fossil con-
tent, for they (Cooper and Cooper, 1946, p. 86) described 
the Oranda as "characterized by the occurrence of Reus-
chella `edsoni' and its associates, which overlies the Edin-
burg and directly underlies the Sinuites beds of the 
Martinsburg." The lowest bed of the overlying Martinsburg 
was described as a very impure limestone with Crvptolithus 
tesselatus, Isotelus, and abundant Sinuites. Above this bed 
are shale and lesser siltstone, metabentonite, and minor 
limestone. They did not indicate whether the shales are cal-
careous. Thus, the base of the Martinsburg originally was 
poorly defined, a fact noted by Woodward (1951, p. 333). 

Many subsequent workers have mapped and described 
the Martinsburg in the northern Shenandoah Valley (for 
example, Butts and Edmundson, 1939; Butts, 1940; Thorn-
ton, 1953; Cooper, 1960; Page and others, 1964; Edmund-
son and Nunan, 1973; Young and Rader, 1974; Rader and 
Biggs, 1975, 1976; Gathright and others, 1978a,b,c,d; Gath-
right and Frischmann, 1986). Although most workers noted 
the transitional contact between the Oranda and Martins-
burg Formations, the quality of lithologic descriptions var-
ied. Both the Oranda and lowest part of the Martinsburg 

Figure 4. Type section of the 
Stickley Run Member of the 
Martinsburg Formation (Oms) 
overlying the Edinburg Forma-
tion (0e) along U.S. Highway 
11, 2.5 mi northeast of Strasburg, 
Va., immediately cast of Cedar 
Creek (locality a in fig. 3). 

have been described as containing calcareous shale, 
siltstone, and argillaceous limestone, along with scattered 
metabentonite. 

Our recent mapping of the Oranda of previous usage, 

the lower part of the Martinsburg Formation, and the upper-
most beds of the Edinburg Formation in the Shenandoah 
Valley indicates that these units were not satisfactorily 
delimited, that the Oranda is poorly defined, and that some 
published descriptions of the lithology of the Oranda For-
mation and the lower part of the Martinsburg are vague. 
Several mappers (Thornton, 1953, for example) included 
some of the underlying Edinburg Formation within the 
Oranda. 

The original description of the Oranda Formation 
includes knobby limestone at its base with shale and silt-
stone, in part calcareous, above. Because of difficulties in 
recognizing the Oranda as a readily mappable lithologic 
unit, we are herein abandoning the name. The lower 
knobby-weathering limestones are assigned to the underly-
ing Edinburg Formation. The overlying calcareous shale 
and siltstone and shaly limestone are included in the base of 
the lower member of the Martinsburg Formation, herein 
named the Stickley Run Member. 

STRATIGRAPHY 

The Martinsburg Formation is exposed in a belt that is 
between 2 and 3.5 mi wide in the Shenandoah Valley in the 
Winchester 30'x60' quadrangle and is generally less than 
1.2 mi wide along the North Mountain fault zone (McDow-
ell, 1991). In places, it is cut out along this fault zone. The 



	

	
	

	 	

	 	

		
	 	

		

	 	

		
	 	

		

		

	 	

	
 

		

	

	

		

		

	

		

7 STICKLEY RUN MEMBER OF THE MARTINSBURG FORMATION, NORTHERN VIRGINIA 

Table 1. Type section of part of the Stickley Run Member of the Martinsburg Formation, along a roadcut on the southeast side of the 
northbound lane of U.S. Highway 11, immediately cast of Cedar Creek, about 2.5 mi (4 km) southwest of Middletown, Va., at lat 39°00'57" 
N., long 78°18'52" W. (locality a in fig. 3). 

[Rock-color terms from Goddard and others (1948). Measurements were made in feet] 

Martinsburg Formation (part): Thickness 

Stickley Run Member (part): Feet Meters 

16. Limestone, thin-bedded and laminated, and calcar-
eous shale; medium-dark-gray (N 4) limestone 
beds as much as 9 in. (23 cm) thick. Covered 
above to Cedar Creek 28.0 8.5 

IS. Shaly limestone, laminated to thin-bedded (<0.5-3 
in. (1-8 cm) thick), medium-dark-gray (N 4). 
medium-olive-gray (5Y 5M-weathering, very 
fine grained, interbedded with grayish-black (N 3) 
calcareous shale 21.0 6.4 

14. Limestone, thin-bedded and laminated, medium-
dark-gray (N 4), and calcareous shale 4.6 1.4 

13. Same as unit 15 10.3 3.1 
12. Limestone. thin-bedded and laminated, medium-

dark-gray IN 4). and calcareous shale; limestone 
beds as much as 6 in. (15 cm) thick and making 
up about 30 percent of the unit 7.3 2.2 

I I. Same as unit IS Some of the limestone beds as 
much as 6 in. (15 cm) thick 20.8 6.3 

10. Shaly limestone, laminated, medium-dark-gray 
(,V 4) 4.0 1.2 

9. Same as unit 15 17.3 5.3 

8. Metabentonite, moderate-yellowish-brown (10YR 
5/4)-weathering, sheared, interlayered with 
calcite slickenside 0.2 0.06 

7. Calcareous silty limestone. medium-dark-gia 
(N 4). medium-olive-gray (5Y 5M-weathering, 
that stands out in relief 1.1 0.3 

6. Sillily limestone, laminated to thin-bedded (<0.5-3 
in. (1-8 cm) thick). medium-dark-gray (N 4). 
medium-olive-gray (5)' 5/1)-weathering, very 
fine grained, composing about 8 percent of unit 
and interbedded with grayish-black (N 3) 
calcareous shale in graded and upward-fining 
cycles 1-6 in. (2-• 15 cm) thick (fig. 5). Base of 
each cycle abrupt 11.3 3.4 

topography on the Martinsburg is a gently rolling upland 
surface dissected by moderately steep stream valleys and 
gullies with a trellis drainage pattern. Maximum relief 
within the Martinsburg terrane is generally less than 150 ft. 
The drainage pattern is controlled by both bedding and joint 
trends. The Martinsburg is generally poorly exposed in 
upland areas but well exposed in the creeks and gullies. 

STICKLEY RUN MEMBER OF THE 
MARTINSBURG FORMATION 

The Stickley Run Member of the Martinsburg Forma-
tion includes all rocks above the highest knobby-weathering 
limestone of the Edinburg Formation up to and including all 
platy limestones that are interbedded with shale and 
graywacke typical of overlying Martinsburg rocks. The 
limestones of the Stickley Run Member are laminated and 

Martinsburg Formation (part)-Continued Thickness 

Stickley Run Member (part)-Continued Feet Meters 

5. Shaly limestone. medium-dark-gray (.N7 4), 
medium-olive-gray (5Y 5/I)-weathering, very 
fine grained, containing graptolites; stands out in 
relief. Abrupt lower contact. Not fissile like 
underlying shales 0.3 0.1 

4. Calcareous shale, platy to laminated, grayish-black 
(N 3), and minor laminae of dark-gray (N 3), 
medium-dark-gray (N 4)-weathering, shalt' lime-
stone, which stand out in slight relief Partly cov-
ered near base; may include thin inetavntonite. 
Lower contact with Edinburg Formation is abrupt 13.5 4.1 

Incomplete thickness of Stickley Run Member 139.7 42.6 

Edinburg Formation: 
3. Limestone, medium-dark-gray (N 4), medium-

gray (N 5)- to light-olive-gray (5Y 6/1)-
eathering, very fine grained, poorly bedded 1.5 0.5 

2. Limestone, dark-gray (N 3), medium-dark-gray 
(N 4)-weathering, knobby (nodules average about 
4 in. (10 cm) long), very tine grained, interbedded 
with dark-gray (N 3)10 medium-dark-gray (N 4), 
medium-gray (N 5)-weathering. calcareous silty 
shale 6.0 1.8 

1 . Limestone, dark-gray (N 3), medium-dark-gray 
(N 4)-weathering, very fine to fine-grained, 
medium- to thick-bedded, unevenly bedded, 
fossiliferous 51.0 15.5 

Incomplete thickness of Edinburg Formation 58.5 17.8 

very thin bedded to thin bedded, very fine grained, medium 
gray to grayish black, argillaceous, and commonly graded 
(figs. 5 and 6); they weather olive gray and grayish orange 
to dark yellowish orange. They are interbedded with 
medium-gray to medium-dark-gray calcareous shale. The 
upper contact with the younger Martinsburg is transitional; 
limestones become less abundant upward in the Stickley 
Run. A few thin beds of siltstone and very fine grained 
sandstone, generally less than 2 in. thick, are near the top of 
the Stickley Run. Rocks younger than those exposed at the 
type section on U.S. Highway II are best seen in the bed of 
Cedar Creek southwest of the type section (fig. 3). 
Graywacke becomes more abundant upward into the over-
lying unnamed member of the Martinsburg. 

Slaty cleavage is a common secondary structure in 
most outcrops of the Stickley Run (fig. 7), as it is in the 
overlying shales of the Martinsburg Formation. Most of the 
rocks in the Stickley Run contain more than 50 percent 
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Figure 5. Graded shaly lime-
stone (lighter beds) and calcare-
ous shale in the Stickley Run 
Member of the Martinsburg For-
mation at the type locality, unit 6 
of the measured section (table 1). 

Figure 6. Platy shaly limestone 
and calcareous shale of the Stick-
ley Run Member of the Martins-
burg Formation exposed along 
U.S. Highway 11 near Tumbling 
Run 1.7 mi southwest of Stras-
burg, Va. (locality c in fig. 3). 

calcium carbonate, and some contain more than 80 percent. readily visible. Figure 9 shows some of the details in the 
Upon weathering, these cleaved rocks break down into thin rock. The rock is graded, generally from coarse calcareous 
plates, making the rock look more like a fissile shale than a siltstone to fine siltstone or mudstone. The basal laminae of 
shaly limestone. This appearance probably accounts for some of the graded beds are disrupted. The coarser shaly 
previous workers identifying these rocks as shales within limestones are microlaminated or cross-laminated, and 
the Martinsburg Formation rather than placing them in the many of these beds are amalgamated. The tops of many of 
Oranda Formation of Cooper and Cooper (1946). the limestone laminae contain casts due to loading of the 

At one locality in Strasburg, on the north limb of an overlying finer mudstone. Many of the laminae contain 
open syncline, cleavage is poorly developed in the Stickley soft-sediment slump folds. Serial sections of three of these 
Run (fig. 8), and many of the sedimentary structures are slump folds show that the transport direction (the direction 
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Figure 7. Well-developed slaty 
cleavage (dipping moderately to 
the left), a conspicuous planar 
structure in the Stickley Run 
Member of the Martinsburg For-
mation at locality b. figure 3. 
Bedding is vertical in the north-
west limb of an overturned fold. 
Parting along bedding and cleav-
age develops elongate "pencil" 
fragments. forming a shale-chip 
rubble. This feature gives the 
unit the appearance of a shale. 
rather than a shaly limestone. 
Compare with figure 8. 

Figure 8. Platy, laminated to 
thin-bedded shaly limestone of 
the Stickley Run Member of the 
Martinsburg Formation, along 
railroad in Strasburg, 0.4 mi west 
of the intersection of U.S. High-
way 11 and Virginia Highway 
55. Beds dip moderately to the 
southeast and lack well-devel-
oped cleavage. Sample shown in 
figure 9 taken from this locality. 
These beds arc nearly on strike 
with those shown in figure 7. 

perpendicular to the axes of the slump folds and the same as Middletown-Strasburg area and analyzed for calcium car-
the direction of verging of these folds) ranged from N. 2° E. bonate content (table 2). The calcareous shale averaged 48 
to N. 31° E., with an average of N. 17° E. Interestingly, the percent carbonate (range 45-53 percent), and the limestone 
regional strike of hard-rock tectonic folds in the averaged 74 percent (range 65-85 percent). The average 
Middletown area just north of Strasburg (Epstein, 1993) is carbonate content of all samples was 61 percent. 
within a similar range as the direction of transport shown by As defined here, the Stickley Run Member is many 

the slump folds. times thicker than the Oranda Formation of Cooper and 
Eight samples of limestone and calcareous shale Cooper (1946) and includes several hundred feet of rock 

were collected from the Stickley Run Member in the previously included within the Martinsburg Formation. 
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Figure 9. Negative print of ace-
tate peel of laminated and thin-
bedded calcareous shale (darker 
beds) and shaly limestone (lighter 
beds) in the Stickley Run Mem-
ber of the Martinsburg Forma-
tion. Stratigraphic top is up in the 
picture; northeast is to the right. 
Soft-sediment slump folds (a) 
indicate that the basinal down-
slope direction was approxi-
mately N. 17° E. Amalgamated 
micro-crossbeds near bottom 
suggest the same direction of sed-
iment transport. Numerous load 
casts indent several of the shaly 
limestone beds (b). Lowest units 
of several graded beds consist of 
disrupted coarse calcareous silt-
stone (b) containing fragments 
from the underlying bed. This 
suggests loading while currents 
were still active. 

Along Tumbling Run and along adjacent U.S. Highway 11, limestones probably make up less than 5 percent of the unit 
the Stickley Run consists of interbedded platy limestone at the top of the Stickley Run. Along Virginia Road 627 
and calcareous shale (fig. 6) and is approximately 610 ft between Interstate Highway 81 and U.S. Highway 11 in 
thick, the upper 285 ft being poorly exposed. Middletown, the Stickley Run occupies a belt about 1,000 ft 

Mapping in the Middletown area indicates that the wide. Beds dip very steeply, and the member may be as 
Stickley Run is much thicker than that exposed at Tumbling much as 900 ft thick, as indicated by the construction of a 
Run. The upper contact with the overlying rocks of the Mar- cross section in this area of limited exposure. 
tinsburg Formation is drawn with difficulty because of poor The Stickley Run Member is recognized in the Massa-
exposure and the transitional nature of the boundary. The nutten synclinorium (fig. 1) and in the area between the 
platy limestones become less abundant toward the top of the Staunton and North Mountain faults as far south as southern 
unit, and the upper contact is defined as the top of the high- Augusta County. In the Harrisonburg and Bridgewater 
est platy limestone, which may be only 1 in. thick. The platy quadrangles, the Stickley Run was mapped as the Oranda 



 

	
	

	
	

	

	

	

	

STICKLEY RUN MEMBER OF THE MARTINSBURG FORMATION, NORTHERN VIRGINIA 

Table 2. Calcium carbonate content of samples from the Stickley 

Run Member of the Martinsburg Formation. 

[Calcium carbonate content determined by weight loss by acid digestion. 
Analyst: J.B. Epstein] 

CaCO3
Sample description and locality 

(wt. %) 

I. Calcareous silty shale, about 600 ft above the base of the 
Lincolnshire Limestone, 1,000 ft north of the intersection of 
U.S. Interstate 81 and Virginia Highway 627, Middletown 
quadrangle 45 

2. Shaly limestone. Same locality as sample I 65 
3. Dark-gray, very fine grained, shaly limestone, about 240 ft above 

the base of the Lincolnshire Limestone, along U.S. Highway II 
just south of Tumbling Run (locality c in fig. 3), Toms Brook 
quadrangle 85 

4. Medium-dark-gray calcareous shale. Same locality as sample 3 45 
5. Slightly weathered, medium-gray to medium-dark-gray calcare-

ous shale to shaly limestone, weathers dark yellowish orange. 
About 300 ft above the base of the Lincolnshire Limestone, on 
knoll south of northbound lane of U.S. Highway 11, about 
2.000 ft southwest of Tumbling Run, Torus Brook quadrangle 65 

6. Slightly weathered, medium-dark-gray and dark-gray argilla-
ceous limestone. Same locality as sample 5 81 

7. Very slightly weathered, medium-light-gray to medium-gray, 
poorly bedded, calcareous shale about 25 ft above the base of 
the Lincolnshire Limestone. immediately above a 2.5-in. bed of 
metabentonne. Virginia Highway 55, 0.4 mi northwest of U.S. 
Highway I I in Strasburg, Strasburg quadrangle (locality h in 
fig. 3). The type Malicia Formation of Cooper and Cooper 
(1946) 53 

8. Same rock as sample 7, hut weathered medium light gray, light 
olive gray, and grayish orange 50 

Formation and the calcareous slate member of the Martins-
burg Formation by Gathright and Frischmann (1986). The 
Oranda was not recognized south of Harrisonburg, where 
100-200 ft of black, graptolitic, calcareous slate with inter-
bedded argillite was mapped as the basal member of the 
Martinsburg by Gathright and others (1978a,b,c,d). These 
rocks, which also contain beds of platy limestone, are now 
placed within the Stickley Run Member of the Martinsburg 
Formation. In Shenandoah County, the Stickley Run was 
mapped as the Oranda Formation and the lower black, cal-
careous shale member of the Martinsburg by Young and 
Rader (1974) and Rader and Biggs (1976). On the east limb 
of the synclinorium, west of Front Royal, Rader and Biggs 
(1975) described the lower part of the Martinsburg as black, 
silty, calcareous shale with interbedded black, silty, argilla-
ceous limestone. 

Numerous fossils have been reported from rocks 
herein defined as the Stickley Run Member (see Cooper and 
Cooper, 1946; Woodward, 1951). Several samples were col-
lected at the type section for conodont determination, but 
they were barren (Harris and others, 1994). A sample col-
lected from the uppermost bed of the underlying Edinburg 
Formation, however, yielded a conodont fauna of the 
Amorphognathus tvaerensis Zone, indicating a late Middle 

Ordovician age (Harris and others, 1994). The Stickley Run 
Member is probably only slightly younger. 

The lithologic character of correlatives of the Martins-
burg Formation and their thickness are markedly different 
west of the North Mountain fault (fig. 1) and the Pulaski 
fault in southwestern Virginia (Rader and Evans. 1993). 
Here, the Eggleston Formation, Dolly Ridge Formation, 
Trenton Limestone, and Reedsville Shale are characterized 
by thin, coquinoid limestone with interbedded, dark-gray, 
calcareous shale. The thickness of these units averages 
about 1,5(X) ft. 

During the present study, the Stickley Run Member of 
the Martinsburg Formation was traced a few miles north of 
the Virginia-West Virginia border. Rocks similar to those of 
the Stickley Run were found still farther north in the 
Shenandoah Valley of West Virginia (Cardwell and others, 
1968) and Maryland (Edwards, 1978). In south-central 
Pennsylvania, Craig (1949, p. 739) identified the Oranda 
Formation, describing it as "dark-grey to black, fine-
grained, slabby to massive, blue-grey to white-weathering 
limestone" and "black, argillaceous, buff-weathering lime-
stone with prominent shaly partings." Whether the thick-
bedded limestones are similar to those of the Stickley Run 
as described here has not been determined. However, Craig 
(1949, p. 742) also noted argillaceous limestones in the 
basal Martinsburg, which may be equivalent to the Stickley 
Run. If so, the Stickley Run may extend for at least 75 mi 
north of the Virginia-West Virginia border. Still farther 
northeast is the correlative Jacksonburg Limestone, which 
is similar to the Stickley Run and which underlies the Mar-
tinsburg Formation in eastern Pennsylvania. There, the 
uppermost Jacksonburg consists of dark-gray, argillaceous, 
carbonaceous limestone and very calcareous shale. 

OVERLYING ROCKS OF THE MARTINSBURG 
FORMATION 

The Martinsburg Formation overlying the Stickley 
Run Member consists of interbedded shale and lesser silt-
stone and graywacke. These rocks are poorly exposed in 
interfluves, where they are generally leached to depths as 
great as 10 ft, producing unconsolidated shale and fine 
sandstone debris. Rocks of the Martinsburg above the Stick-
ley Run are well exposed in the floors of creeks, some of 
which have nearly continuous exposure for thousands of 
feet. The shales are medium gray to dark gray and light 
olive gray, are commonly silty, weather to grayish orange 
and dark yellowish orange, and are generally noncalcare-
ous, although scattered intervals contain calcareous rocks, 
especially in the lower part of the member. The shales form 
intervals as thick as 4 ft or thicker, but they commonly are 
interrupted by thin to thick beds of siltstone or sandstone. 

The sandstone and siltstone are estimated to compose 
less than 10 percent of the Martinsburg exposed in the 
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Middletown area. They are more abundant and thicker bed-
ded higher in the section, approximately 2,000 ft above the 
base of the Martinsburg, where they form conspicuous ribs 
in creeks and may compose as much as 30 percent of some 
intervals that are several hundred feet thick. The upward 
coarsening within the Martinsburg is transitional, and no 
interval containing graywacke can be readily distinguished 
to make a separate mappable unit. In the lower 1,000 ft of 
the member, the graywacke beds are generally less than 0.5 
ft thick, although rare beds may reach 2 ft in thickness. 
Above this interval, many of the sandstones are thicker, and 
a few are as much as 12 ft thick; many of these beds are 
amalgamated. These beds are lenticular—individual thick 
beds were traced for only short distances between creeks. 
They could not be mapped at the 1:24,000 scale for a dis-
tance greater than 2,000 ft, much less on a regional scale, 
because the thickness of the units differs so much over short 
distances and because the folding is complex. 

The sandstones are immature (generally lithic gray-
wacke, although some contain significant feldspar), com-
monly graded (fining upward), very fine to fine grained, 
slightly calcareous to noncalcareous, and medium gray on 
fresh surfaces; they weather grayish orange. The thicker 
beds are generally graded and display characteristics of 
complete Bouma cycles, although c—e Bouma cycles appear 
to be most abundant. A few load casts were seen. Many 
beds contain small-scale crossbeds. 

The Martinsburg Formation in the Shenandoah Valley 
of Virginia and West Virginia lies in the core of the Massa-
nutten synclinorium north of Front Royal (Cardwell and 
others, 1968; McDowell, 1991; Rader and Evans, 1993) and 
on the flanks of the synclinorium to the south (Rader and 
Biggs, 1976). The Martinsburg is complexly folded, and 
cleavage is present in most outcrops (Epstein, 1993). 
Although cleavage may be a dominant planar element in an 
individual outcrop, the published admonition that bedding 
is obliterated by cleavage (Page and others, 1964) is incor-
rect. Thin to thick beds of siltstone and fine-grained 
graywacke are common enough that bedding generally can 
be readily determined. Cleavage, rather than being a detri-
ment to bedding attitude determination, aids in indicating 
whether beds are right side up or are overturned. The reso-
lution of younging direction in individual outcrops aids in 
preparation of accurate cross sections and determination of 
thickness of the entire Martinsburg Formation. 

ENVIRONMENTS OF DEPOSITION 

The thin-bedded shaly limestones and calcareous 
shales of the Stickley Run Member of the Martinsburg For-
mation in the Shenandoah Valley represent a deepening of 
the sedimentary basin following shallow-water, carbonate-
bank to ramp deposition of the Edinburg Formation and 
older carbonate rocks (Rader and Read, 1989). Deposition 

of the Stickley Run was followed by basinal turbidite depo-
sition of the thick sequence of graywacke and shale of the 
overlying part of the Martinsburg Formation. The Jackson-
burg Limestone in eastern Pennsylvania, which is a correla-
tive of the Stickley Run, similarly was deposited as a 
deepwater elastic limestone and calcareous shale following 
the foundering of the carbonate bank represented by Beek-
mantown Group rocks rimming eastern North America dur-
ing Taconic plate collision (see for example, Epstein, 1986). 
The fine grain size and sedimentary structures in the Stick-
ley Run Member, such as graded beds, cross and parallel 
laminations, and convolute bedding, suggest deposition as 
distal turbidites. 
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2. Middle Pennsylvanian Arnett Member (New Name) 
of the Breathitt Formation, Eastern Kentucky 

By Charles L. Ricer 

ABSTRACT 

A Middle Pennsylvanian marine shale and sandstone 
unit that commonly crops out above the Hazard coal zone in 
the Breathitt Formation in eastern Kentucky is here named 
the Arnett Member. The unit is most continuous along the 
western margin of its outcrop belt. The Arnett contains a 
variety of marine fossils, including conodonts, which sug-
gest that the member is equivalent to the Poverty Run and 
Lowellville marine units in Ohio, and perhaps to the Lead 
Creek Limestone Member of the Mansfield Formation in 
Indiana. 

INTRODUCTION 

Chesnut (1991) informally named a Middle Pennsylva-
nian marine unit the Cowcreek member of the Breathitt For-
mation; it consists of fossiliferous strata overlying the 
Hazard (5, 5A, 6) coal zone and equivalent coal beds that 
crop out in the Cowcreek 7.5-min quadrangle, Owsley and 
Breathitt Counties, eastern Kentucky. Because the name 
Cowcreek is formally preempted by prior usage (North 
American Commission on Stratigraphic Nomenclature, 
1983, p. 853, article 7(c)), the unit is herein renamed the 
Arnett Member of the Breathitt Formation. The name is 
taken from the village of Arnett on Kentucky Route 28, 
south-central Cowcreek 7.5-min quadrangle, Owsley 
County, Ky. 

Marine strata that apparently occur in the middle part 
of the Arnett Member were first identified in the Cowcreek 
7.5-min quadrangle by Outerbridge (1978) as the informal 
limestone-siltstone marker bed above the Hazard (5, 5A, 6) 
coal zone. The marker bed was described as mostly lime-
stone (as much as 1.2 m thick), which grades laterally to 
calcareous, fossiliferous siltstone and calcareous sandstone. 
The bed is identified on Outerbridge's (1978) geologic map 
by a red X just southeast of the gap at the head of the Right 
Fork of Cow Creek, about 2.7 km east of the village of 
Arnett. The bed is exposed about 6 in above and 5 m north-

U.S. Geological Survey, Reston, VA 22092. 

east of an unpaved road that extends from Kentucky Route 
28 to a microwave tower on the Breathitt-Owsley County 
line at the top of the ridge. At the red-X location, the marker 
bed consists of about 20 cm of sandy, brown-weathering, 
fossiliferous limestone that grades down to about 1 m of 
bioturbated fine-grained sandstone. Although a massively 
bedded sandstone 15 or more meters thick crops out 3 to 4 
m above the marker bed, strata directly overlying and 
underlying the bed are not exposed at this locality. 

The fossiliferous bed above the Hazard coal zone was 
also mapped as a resistant marker bed in areas adjacent to 
the Cowcreek quadrangle, such as the Oneida (Rice and 
Lee, 1978) and the Booneville (Weir, 1978) 7.5-min quad-
rangles, and was identified as a discontinuous but persistent 
unit in the Canoe (Hinrichs, 1978), the Buckhorn (Danilchik 
and Lewis, 1978), and the Mistletoe (Volckmann and Leo, 
1978) 7.5-min quadrangles (fig. 1). Where the bed is a cal-
careous siltstone or sandstone, it is relatively resistant and 
tends to crop out on ridges and steep slopes. The marker-
bed facies is probably restricted to the area indicated above. 
In other areas, because of poor exposure, the Arnett Mem-
ber has been identified as sparsely fossiliferous shale 
directly overlying the Hazard (5, 5A, 6) coal zone or equiv-
alent coal beds. 

LITHOLOGY AND STRATIGRAPHY 

Although the Arnett Member has been identified 
mostly by its resistant facies (limestone, siltstone, or sand-
stone) in the area of the quadrangles shown in figure I, it 
appears to be mainly a marine shale sequence that may be 
10 m or more in thickness. A coal exploratory diamond 
drillhole in the southeastern part of the Mistletoe 7.5-min 
quadrangle is here designated the type section; a lithologic 
log of this core is illustrated in figure 2. The corehole was 
drilled at an elevation of about 447 in on a ridge between 
the head of Dusty Fork of Leatherwood Creek and the head 
of Long Fork of Squabble Creek (lat 37'17'11" N., long 
83°31'17" W.). The core description (by an unknown driller) 
indicates that the Arnett Member, which extends from core-
hole depth 42 in to corehole depth 52 m, consists mainly of 
dark-gray shale and siltstone. In this core, marine fossils are 
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Figure 1. Distribution and 
extent of outcrop of the Arnett 
Member of the Breathitt Forma-
tion (A) (Lower and Middle 
Pennsylvanian) in Kentucky and 
of Middle Pennsylvanian units in 
Ohio and West Virginia with 
which it is tentatively correlated 
in the outcrop belt along the 
western margin of the Appala-
chian basin. Some data used in 
establishing the distribution of 
the Arnett Member in the area of 
Hazard, Ky., were provided by 
Donald R. Chesnut, Jr., and 
Gerry A. Weisenfluh of the 
Kentucky Geological Survey. 
PR, Poverty Run limestone 
(unranked) of the Pottsville For-
mation; L, Lowellville limestone 
(unranked) of the Pottsville For-
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brackish-water unit. 



 
 

 

	

	 17 ARNETT MEMBER OF THE BREATHITT FORMATION, EASTERN KENTUCKY 

B
re

a
th

itt
 F

o
rm

a
ti

o
n

 (
L

o
w

e
r a

n
d 

M
id

d
le

 P
e

n
n
sy

lv
a

n
ia

n
) 

A 

Stoney Fork 
Member * Hindman coal bed 

1,9"IT•kwi -4_ 

Top of hole 
(elevation 447 m) 

* 
Meters Feet 

50 • Francis (Hazard No. 8) 
coal zone 

10 
* 

0 0 

Hazard No. 7 coal bed 

Arnett * 
Member 

* 

Hazard (5, 5A. 6) 
coal zone 

Haddix coal zone 

* 
Magoffin 
Member 

* Copland coal bed 

Bottom of hole 
EXPLANATION (total depth 91.4 m) 

-rmprn-k- Coal bed with seat rock 

I I Sandstone 

Calcareous sandstone 

Shale and siltstone 

f-t- — 1 Calcareous shale 

Limestone 

Location of marine or brackish-water fossils 

Figure 2. Generalized diagram of a coal exploratory drillhole 
(type section of the Arnett Member of the Breathitt Formation) 
collared just below the Hindman coal bed on a ridge in the 
southeastern part of the Mistletoe 7.5-min quadrangle. Perry 
County, Ky. (lat 37°17'11" N., long 83°31'17" W.). Section 
above collar is generalized from Volckmann and Leo (1978) 
and Danilchik and Lewis (1978). 

reported in the basal beds of the member, although marine 
fossils are most abundant in the upper part of the 1.5-m-
thick sandstone bed in the middle of the member and in a 1-
m-thick shale bed directly overlying the sandstone bed. The 
fossiliferous sandstone bed of the core log is similar in 
description to the sandstone facies of the limestone-siltstone 
marker bed mapped by Outerbridge (1978), Rice and Lee 

(1978), and Weir (1978) in areas to the north and northeast 
and probably is that marker bed. The Arnett Member is 
exposed in the highwalls of strip mines of the Hazard coal 
beds that extend generally from the area of the type section 
to the vicinity of the village of Arnett. 

In other areas in eastern Kentucky, strata at the horizon 
of the Arnett Member generally have been identified as 
shale sequences above the Hazard coal zone (or equivalent 
coal beds) (see Rice and Hiett, 1994). The shale has rare 
marine or brackish-water fossils in the burrowed basal beds 
that are the roof shales of the uppermost Hazard coal bed. 
The Hazard coal zone may consist of at least three coal beds 
(fig. 2), and these may he difficult to distinguish from beds 
of the underlying Haddix coal zone. However, the beds of 
the Hazard coal zone have been extensively mapped in east-
ern Kentucky with confidence on the basis of the interval 
between them and the underlying persistent Magoffin Mem-
ber of the Breathitt Formation. 

Chesnut (1991) recorded a variety of calcareous rock 
types (siltstone, sandstone, and shale) for strata here 
assigned to the Arnett Member that are described in geo-
logic reports for eastern Kentucky. He also provided lists of 
tentatively identified fossils in strata assigned to the mem-
ber that include brachiopods, bryozoans, pelecypods, gas-
tropods, conularids, and foraminifers. 

Marine units of the Breathitt Formation (Lower and 
Middle Pennsylvanian) in eastern Kentucky commonly 
consist of upward-coarsening sequences where the basal 
fossiliferous transgressive facies are shale or limestone. 
Overlying the transgressive strata are generally coarser 
grained and less fossiliferous shales and siltstones that are 
terrigenous elastic deposits of advancing deltas. The occur-
rence of a relatively coarse grained calcareous sandstone 
associated with abundant marine fossils in the Arnett Mem-
ber suggests that a local deepening or subsidence of the 
basin took place during deposition of the middle part of the 
member, which resulted in a return to more marine condi-
tions. Coincidentally, the Magoffin Member appears to con-
tain a similar unusual fossiliferous sandstone bed near its 
middle in this area (fig. 2). 

DISTRIBUTION AND REGIONAL 
CORRELATION 

The Arnett Member appears to occur in two distinct 
areas in eastern Kentucky (fig. 1): near West Liberty and 
near Hazard. Individual thin marine units generally are not 
seen where the underlying coal bed either is thin or has not 
been exposed by mining. In addition, identification of 
marine units generally depends upon identification of the 
underlying coal bed. Because coal beds tend to split and 
form complex zones of coals, overlying thin marine and 
brackish-water shales (which some workers suggest occur 
locally over every coal bed) commonly cannot be traced 
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laterally with any confidence. For example, the three 
marine or brackish-water horizons in the Francis coal zone 
probably would not be known except for the exploratory 
corehole (fig. 2). Experience has shown that correlation of 
individual marine beds (as well as coal beds) in this zone 
would be difficult for any great distance even between core-
hole logs of equivalent detail. Consequently, even though 
the Arnett Member does thin away from the areas identified 
in figure 1, the actual boundaries of its extent are not pres-
ently known. 

The difficulty of identifying the stratigraphic horizons 
of some isolated marine strata is illustrated by the local 
occurrence of two unnamed marine units, one north of Inez, 
Ky. (Jenkins, 1966), and the other southeast of Charleston, 
W. Va. (Martino, 1991) (fig. 1). These marine units appear 
to be at the stratigraphic horizon of the Arnett Member 
because of their positions with respect to the Magoffin 
Member (and its equivalent in West Virginia, the Winifrede 
Shale Member of the Kanawha Formation), as well as their 
relations to overlying and underlying coal beds. In both 
these occurrences, the marine strata seem to be geographi-
cally isolated from any other marine deposits. Whether this 
isolation is a function of lack of data or postdepositional 
erosion is undetermined. Chesnut (1991) tentatively 
assigned the marine unit north of Inez to the informal 
marine member N that underlies the Arnett Member in east-
ern Kentucky; this assignment was based on his interpreta-
tion of the identity of the overlying and underlying coal 
beds. Other evidence listed by Chesnut for a marine unit at 
this lower horizon in eastern Kentucky is mainly the wide-
spread occurrence of calcareous sandstone concretions 
between the Hazard and Haddix coal zones. Such an assign-
ment, however, would make the occurrence of fossiliferous 
beds near Inez even more isolated from identified marine 
strata than its assignment here to the Arnett Member. 

The Arnett Member is the best known and most exten-
sive marine unit in the Middle Pennsylvanian stratigraphic 
section between the Magoffin Member and the Stoney Fork 
Member of the Breathitt Formation in Kentucky. It appears 
to be thickest and most fossiliferous along the western mar-
gin of the Appalachian basin. Its identification near West 
Liberty, Ky., is locally difficult because of the thinness of 
the stratigraphic section in that area and the occurrence of 
other marine units in relatively close vertical position. 
Whereas the Arnett is about 38 m above the base of the 
Magoffin Member in the Mistletoe quadrangle (see figs. 1 
and 2), it is only about 22 m above the base of the Magoffin 
in areas southwest of West Liberty, where it apparently 
occurs in the middle of the Prater coal zone (Sable, 1978); 
the Prater is equivalent to the Hazard (see Rice and Hiett, 
1994). A report by Englund (1955) also described this 
section. 

The Arnett Member of the Breathitt Formation is here 
tentatively correlated with the unranked Poverty Run lime-
stone in the Pottsville Formation in central and southern 

Ohio and with its correlative in northeastern Ohio, the 
unranked Lowellville limestone in the Pottsville Formation. 
These two are the oldest named marine units of the Potts-
ville Formation in Ohio and generally crop out in that State 
in the western part of the Pennsylvanian basin (fig. 1). The 
Lowellville (limestone plus marine shale) is as much as 11 
m thick in northeastern Ohio but is discontinuous and has 
proven to be difficult to trace in Ohio (Slucher and Rice, 
1994). For example, an occurrence of the unit just below the 
Beach City reservoir dam northwest of New Philadelphia, 
Ohio (fig. 1), was mistakenly assigned to the unranked 
Boggs limestone in the Pottsville Formation by Lamborn 
(1956) but was correctly identified as the Lowellville by 
Gray (1954). The Poverty Run was described in its type 
area near Flint Ridge (fig. 1) as a 38-cm-thick fossiliferous 
limestone about 2.2 m above the Vandusen coal bed by 
Morningstar (1922). An additional occurrence was recog-
nized by Rice and others (1992), just east of Jackson, Ohio 
(fig. 1), but the unit has not been otherwise identified in 
southern Ohio. 

The Vandusen coal bed that directly underlies the Pov-
erty Run and Lowellville units of the Pottsville Formation 
in Ohio contains the earliest occurrence of the palynomorph 
Radiizonates sp. (Rice and others, 1992), later identified as 
Radiizonates difformis and R. rotatus (Cortland F. Eble, 
written commun., 1994). This miospore first occurs in the 
Leatherwood coal bed that is equivalent to one of the coal 
beds of the Hazard coal zone that underlie the Arnett Mem-
ber in eastern Kentucky (Robert M. Kosanke, written com-
mun., 1968). Additionally, the first occurrence of this 
miospore in West Virginia is in the Winifrede coal bed 
(Kosanke, 1988), which closely overlies the unnamed 
marine unit near Charleston, W. Va. (Martino, 1991). On the 
basis of the first occurrence of Radiizonates sp. in all three 
States, the Arnett Member is correlated with the Poverty 
Run limestone, the Lowellville limestone, and the unnamed 
marine unit near Charleston. 

Analyses of conodonts of the Arnett Member show 
that these are identical to those of the Poverty Run and 
Lowellville marine units in Ohio and those of the Lead 
Creek Limestone Member of the Mansfield Formation in 
Indiana (Bruce R. Wardlaw, written commun., 1994). 

Should further paleontological studies confirm the cor-
relations of these widely separated marine occurrences, this 
horizon will be the oldest regional stratigraphic marker bed 
in the Pennsylvanian to link the northern part of the central 
Appalachian basin in Pennsylvania and Ohio to the deeper 
parts of the basin in southeastern Kentucky. The Arnett will 
also be the oldest Pennsylvanian marine horizon to be cor-
related directly with strata in the Illinois basin. Thus, the 
Arnett Member and its correlatives may well become a key 
part of the stratigraphic framework of the Pennsylvanian of 
the Appalachian basin as well as an important marker for 
interbasinal correlations. The Arnett Member may also pro-
vide the control needed to interpret the geometry of the 
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Pennsylvanian sedimentary sections as they thin rapidly 

from the central part of the basin in Kentucky and West 

Virginia onto the North American craton in Ohio and 

Pennsylvania. 
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3. The Coast Mountains Complex of 
Southeastern Alaska and Adjacent Regions 

By David A. Brew,' Arthur B. Ford, I Glen R. Himmelberg, I and James L. Drinkwater l 

ABSTRACT 

The Cretaceous and Tertiary Coast Mountains Com-
plex is a 1,750-km-long, plutonic-metamorphic entity that 
extends into Canada both to the northwest and southeast of 
southeastern Alaska. This entity is part of the discontinuous 
intrusive-metamorphic system of the western Cordillera that 
extends from Baja California on the south to the Alaska 
Peninsula on the northwest. 

This note formally names the part of the Coast Moun-
tains Complex in Alaska in accord with accepted proce-
dures and definitions of the North American Commission 
on Stratigraphic Nomenclature, U.S. Board on Geographic 
Names, and U.S. Geological Survey. The type area for the 
lithodemic complex is herein designated as a transect across 
the Coast Mountains near Juneau, Alaska. Overall, the com-
plex consists of about 70 percent intrusive granitic rocks, 
most of which are latest Cretaceous to middle Tertiary in 
age, and most of the remainder consists of metamorphic 
rocks. A consistent metamorphic-plutonic zonation with 
four northwest-striking zones characterizes the complex. 
The protoliths of the metamorphic rocks range from Late 
Proterozoic to Cretaceous in age and were metamorphosed 
during several episodes, the most important being Early and 
Middle Triassic, Early Cretaceous, and latest Cretaceous in 
age. Most of the intrusive and metamorphic episodes post-
date the assembly of the terranes that provide the metamor-
phic rock protoliths; the accreted lithotectonic terranes are 
the Nisling, Stikine, and Wrangellia, the Behm Canal struc-
tural zone, and the Gravina overlap assemblage. Although 
the ages of protoliths and intrusive rocks together range 
from Late Proterozoic to Tertiary, most of the intrusive and 
metamorphic events occurred in Cretaceous and Tertiary 
time, and we therefore refer to the complex as Cretaceous 
and Tertiary in age. 

The rocks of tlie Coast Mountains Complex have been, 
and currently are being, referred to by several informal 
names; most are incorrect either geologically or geographi-
cally, and the remainder are misleading at best. The formal 
name Coast Mountains Complex rectifies these problems. 

U.S. Geological Survey, Menlo Park, CA 94025-3591. 

INTRODUCTION 

The 1,750-km-long complex of intrusive and metamor-
phic rocks that extends along the west coast of North Amer-
ica from the latitude of Vancouver, British Columbia, 
Canada, into Alaska west of the 141st meridian is probably 
the world's largest single plutonic-metamorphic complex 
(fig. 1). It is the major segment of a still larger, discontinu-
ous plutonic-metamorphic complex that extends south from 
the Coast Mountains physiographic province of Alaska, the 
Yukon, and British Columbia, through the western conter-
minous United States, and south to the southern tip of Mex-
ico's Baja California for a total length of about 8,000 km. 
Different names, some of which are (in our opinion) inap-
propriate, inaccurate, or otherwise misleading, have been 
applied to the Alaska-British Columbia part of the complex. 
The purpose of this note is to formally name this complex in 
accordance with the guidelines provided by the North 
American Stratigraphic Code (North American Commission 
on Stratigraphic Nomenclature, 1983). The name we have 
selected is Coast Mountains Complex. In this note, we 
record the previous and current conflicting terms applied to 
this complex, locate the complex in relation to other seg-
ments of the overall system, give our rationale for selecting 
the formal name Coast Mountains Complex, and briefly 
describe the herein-designated type area at and east of 
Juneau, Alaska. This complex can be described by using 
several different sets of criteria; herein, we use the plutonic-
metamorphic zonation of Brew and Ford (1984). 

GENERAL LOCATION AND 
DESCRIPTION 

The boundaries of the Coast Mountains Complex as 
defined here (fig. 2) are, except for minor changes, the same 
as those defined and outlined by Brew and Ford (1984); the 
changes are so minor that they are insignificant. The 
western boundary is either the eastern contact of Gravina 
overlap assemblage rocks or, where those rocks have been 
metamorphosed, the western limit of the metamorphic 
effects. The eastern boundary of the complex is either the 
eastern limit of the metamorphism associated with the 
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Figure 1. Location of Coast Mountains Complex in the United States and Canada. The complex may continue 
west past the limit of the studied area at the intersection of lat 62° N. with the 141st meridian. 
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<— Figure 2. Coast Mountains Complex, southeastern Alaska 

and adjacent parts of British Columbia, showing approximate 

boundaries of major belts, zones, and units (from Brew and 

Ford, 1984). Single capital letters A—F indicate different 

segments of the complex mentioned in the text. Type area of 

complex is indicated by heavy outline: Juneau is located under 

the "M" of "WM" within that outline. 

Tertiary plutons or, where Nisling terrane pre-Tertiary meta-

morphic rocks adjoin the Tertiary intrusions, the eastern 

(1°,cb contact of those metamorphic rocks. 

The Coast Mountains Complex as a whole extends 

from the latitude of Vancouver, B.C. (about lat 48° N.), to 

the intersection of lat 62° N. with the 141st meridian, a dis-

tance of about 1,750 km. This note focuses on the part of 

6:90 
the complex that is in southeastern Alaska, although much 

of the complex is in Canada. From past discussions with our 

Canadian colleagues, it appears unlikely to us that they will 

accept this name for the Canadian portion, however well it 

may be grounded in the North American Stratigraphic 

Code. The complex takes its name from the Coast Moun-

tains physiographic province (Holland, 1964), which in 

southeastern Alaska consists of the Boundary Ranges sub-

province (Wahrhaftig, 1965). This province closely follows 

tidewater on its west to about lat 59°30' N. (fig. 1), where 

tidewater is left behind and the province is inland of the 

more prominent Pacific Border Ranges province. 

6>„ 
The Coast Mountains Complex can be described in 

terms of its metamorphic-plutonic zonation (Brew and 

Ford, 1984), metamorphic belts (Brew and others, 1989, 

1992), magmatic belts (Brew and Morrell, 1980, 1983; 

Brew, 1988, 1994), individual plutons (Drinkwater and oth-

ers, 1989, 1990, 1992a,b, 1994), and lithotectonic terranes 

and superterranes (Monger and others, 1982; Brew and 

Ford, 1994). Rather than reiterate all of these aspects in 

detail here, we refer the reader to the above papers; the 

following paragraphs summarize only the overall 

metamorphic-plutonic zonation and provide some detail as 

to the occurrence of plutons and batholiths in the complex. 

0 50 100 KILOMETERS 
5̀‘,5so 

The Coast Mountains Complex in southeastern Alaska 

and adjacent parts of British Columbia consists of four 

EXPLANATION major belts or zones, shown in figure 2 from west to east: 

WM Western metamorphic belt 
western metamorphic belt, central metamorphic zone, cen-

tral granitic zone, and eastern metamorphic zone. Figure 2 

CM 
, I 

Central metamorphic zone also shows the distribution of the Sloko Volcanics (Cana-

dian usage) and the Level Mountain and Mount Edziza vol-

po Central granitic zone canic fields; these are shown because they are the volcanic 

expression, in part, of the plutonism recorded in the 

EEMr Eastern metamorphic zone complex. 

One of the main reasons for describing this zonation 

SL Sloko Volcanics (Canadian usage) was to establish the close linkage between the rocks of the 

western metamorphic belt and the other parts of the com-
A 

LE 
Level Mountain and Mount Edziza plex. Brew and Ford (1978), as well as others previously, 

volcanic fields excluded those rocks from the rest of the complex, but their 
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origin and evolution are now known to be inextricably 
linked to those of the other parts. 

The Coast Mountains Complex consists almost 
entirely of metamorphic and plutonic rocks, although it 
includes some small outliers of young volcanic rocks (fig. 
2) and at least one area of very low grade metamorphic 
rocks within the central granitic zone (Brew and others, 
1985). The extensive snow and ice that mantle it discourage 
attempts at areal measurements, and there are no rigorous 
calculations of the proportions of intrusive and metamor-
phic rocks available. Subjective estimates of the ratio of 
plutonic rocks to metamorphic rocks for six southeastern 
Alaska segments (fig. 2), in which orthogneisses are 
included with the plutonic rather than with metamorphic 
rocks, are as follows: 

Ratio of plutonic 

Segment labeled on fig. 2 to metamorphic 
rocks 

A (Alaska-British Columbia boundary south to 
Berners Bay) 7:3 

B (Berners Bay to Taku Inlet) 6:4 
C (Taku Inlet to Whiting River) 5:5 
D (Whiting River to Stikine River) 8:2 
E (Stikine River to Bradfield River) 6:4 
F (Bradfield River to Portland Canal) 7:3 

Average 7:3 

As described below for the different metamorphic-plu-
tonic zones, the ages of protoliths and intrusive rocks in the 
Coast Mountains Complex range from Late Proterozoic to 
Tertiary. However, most of the intrusive and metamorphic 
events occurred in Cretaceous and Tertiary time, and we 
therefore refer to the complex as Cretaceous and Tertiary in 
age. 

The western metamorphic belt consists mostly of pro-
gressively metamorphosed (higher grade to the northeast) 
medium- to high-pressure and medium- to high-temperature 
pelitic and amphibolitic schists. The schists near Juneau 
have been described in detail by Himmelberg and others 
(1991, 1994a,b), and the lower grade rocks that are adjacent 
to the west were described by Himmelberg and others 
(1995). Overall, the protolith ages for the belt range from 
Permian and older to Late Cretaceous. Scattered Cretaceous 
and Tertiary epizonal to mesozonal granitic to ultramafic 
bodies occur within the western metamorphic belt (Brew 
and Morrell, 1980, 1983; Brew and Ford, 1984; Brew, 1988, 
1994). As noted above, the western boundary of the belt and 
of the Coast Mountains Complex is either the eastern con-
tact of Gravina overlap assemblage rocks or, where those 
rocks have been metamorphosed, the western limit of the 
metamorphic effects. 

The central metamorphic zone consists mostly of syn-
kinematic to postkinematic mesozonal to epizonal granitic 
bodies, mixed with intermediate- to high-temperature and 

high-pressure schists, gneisses, and some migmatites (Brew 
and Ford, 1984, 1985; Brew and others, 1984; Karl and 
Brew, 1984). The ages of the protoliths of the rocks in the 
zone are uncertain, but most may be Late Proterozoic to 
Paleozoic (Gehrels and others, 1990; Brew and others, 
1994) and belong to the Nisling terrane. The granitic rocks 
range in age from Paleozoic(?) to Tertiary, with the most 
conspicuous single map unit being the latest Cretaceous and 
Paleocene Great tonalite sill (Brew and Ford, 1981; Brew, 
1988, 1994; Ingram and Hutton, 1994). 

The central granitic zone consists mostly of crosscut-
ting epizonal to mesozonal unfoliated granodioritic to gra-
nitic plutons of middle to late Tertiary age (Brew, 1988, 
1994), with minor screens and pendants of metamorphic 
rocks like those in the central metamorphic zone and minor 
migmatites (Brew and Ford, 1984). The Sloko Volcanics 
(Souther, 1971) (fig. 2) are roughly coeval with the middle 
Tertiary plutonic rocks. Field mapping (Brew and others, 
1984; Brew and Ford, 1985; Berg and others, 1988) and 
detailed studies (Drinkwater and others, 1992a,b) indicate 
that many (and perhaps most) of the individual granitic bod-
ies in this zone are of batholithic dimensions (Bates and 
Jackson, 1987). 

The eastern metamorphic zone consists mostly of low-
to high-temperature, low-pressure hornfels with scattered 
epizonal granitic bodies (Brew and Ford, 1984). This zone 
is exposed mostly in British Columbia and includes some 
intermediate- to high-temperature and high-pressure schists, 
gneisses, and marbles that have the same protoliths as 
described for the central metamorphic zone and probably 
belong to the Nisling terrane. Other protoliths include 
Permian to Upper Triassic rocks like those extending to the 
east beyond the Coast Mountains Complex. As noted 
above, the eastern boundary of this zone and of the complex 
is either the eastern limit of the metamorphism associated 
with the Tertiary plutons or, where Nisling terrane pre-Ter-
tiary metamorphic rocks adjoin the Tertiary intrusions, the 
eastern contact of those metamorphic rocks. 

PREVIOUS AND CURRENT INFORMAL 
NOMENCLATURE 

Many different informal terms have been, and are cur-
rently being, used to describe the geologic entity that we 
here formally name the Coast Mountains Complex. In our 
opinion, some of the terms are inaccurate, some are mis-
leading, and the multitude of terms itself has led to confu-
sion. The informal terms used previously include Coast 
batholith, Coast batholithic complex, Coast crystalline belt, 
Coast Mountain belt, Coast Plutonic Complex, Coast 
plutonic-metamorphic complex, Coast Range batholith, 
Coast Range batholithic complex, and Coast Range plutonic 
complex. The shortcomings of most of these terms are dis-
cussed in the following section. 
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In their pioneering study based on fieldwork done 
about 70 years ago, Buddington and Chapin (1929) used the 
term "Coast Range batholith" in their text and on their maps 
to indicate the intrusive granitic rocks (Buddington, 1927), 
gneisses, and other rocks of what is now called the Great 
tonalite sill and on to the northeast of it as far as the interna-
tional boundary. Buddington and Chapin (1929) used the 
terms "Wrangell-Revillagigedo belt of metamorphic rocks" 
or "Wrangell-Revillagigedo metamorphic belt" for the 
"composite belt of sedimentary and intrusive rocks" or 
"metamorphic complex belt" that bordered their Coast 
Range batholith on the southwest. Their Coast Range 
batholith corresponds to the central metamorphic and cen-
tral granitic zones of the Coast Mountains Complex as 
defined here, and their Wrangell-Revillagigedo belt of 
metamorphic rocks corresponds more or less to the western 
metamorphic belt of the complex. 

Douglas and others (1970) may have been the first to 
use the term "Coast plutonic complex," which they defined 
as a belt of crystalline rocks or a complex composed domi-
nantly of foliated and unfoliated granitic rocks with a 
gneiss-migmatite core that contained some large areas of 
metamorphic rocks. They specifically noted (p. 427) that 
"An irregular belt of narrow, elongate, steep-walled roof 
pendants of metasedimentary rocks stretches southeastward 
from within the Wrangell-Revillagigedo gneiss belt on the 
west side of the complex in southeastern Alaska, to near the 
eastern side, near Bella Coola." The sketch map of Douglas 
and others (1970, p. 422) shows the western limit of their 
Coast plutonic complex about where Buddington and 
Chapin (1929) placed the eastern edge of their Wrangell-
Revillagigedo belt, but it seems clear that Douglas and oth-
ers (1970) and Roddick and Hutchison (1974) intended to 
include the rocks of the Wrangell-Revillagigedo belt in their 
Coast plutonic complex. This inclusion agrees with our def-
inition of the Coast Mountains Complex. At about the same 
time, Forbes and Engels (1970) were using the term "Coast 
Range batholith and related rocks" for the complex. 

Brew and Ford (1978) summarized how the U.S. Geo-
logical Survey had been handling the terminology for the 
preceding two decades or so in their footnote on page 1764: 
"The [informal] term Coast Range batholithic complex is 
used here to denote the granitic and gneissic rocks of the 
Coast Range as well as any enclosed schists, marbles, etc. 
This usage specifically excludes parts of the schist terrane 
of the Wrangell-Revillagigedo metamorphic belt (Budding-
ton and Chapin, 1929) that adjoins the gneisses and granitic 
rocks on the southwest." 

Brew and Ford (1984) were the first to use the infor-
m;11 term "Coast plutonic-metamorphic complex" for all of 
the rocks included in both Buddington and Chapin's (1929) 
Coast Range batholith and their Wrangell-Revillagigedo 
belt. Brew and others (1991, 1992) continued this informal 
use during the time that other workers (Barker and Arth, 
1984; Arth and others, 1988; Gehrels and others, 1991) con-

tinued to refer to the entire complex informally as a 
batholith. More recently, Brew and Ford (1993, 1994) real-
ized that the term "Coast," when used alone (as they had 
used it), was inappropriate, as it was not a valid geographic-
physiographic name, and started using the informal term 
"Coast Mountains plutonic-metamorphic complex" instead. 

RATIONALE FOR SELECTION OF 
FORMAL NAME 

As noted above, the Coast Mountains Complex 
includes metamorphic rocks and plutonic rocks of different 
ages and types. Many of the plutons are of batholithic 
dimensions, and most have been grouped into chronometric 
and modal-compositional belts (Brew and Morrell, 1980, 
1983; Brew, 1988, 1994). After studying the rocks of the 
complex and dealing with the multitude of informal names 
for about 30 years, we have decided to here formally name 
this world-class geologic entity the Coast Mountains Com-
plex. This note informs others of the problems involved and 
our reasoning in this action. 

The North American Stratigraphic Code (North Amer-
ican Commission on Stratigraphic Nomenclature, 1983, 
p. 861, article 37) defines the lithodemic unit term 
"complex" as "An assemblage or mixture of rocks of two or 
more genetic classes, i.e., igneous, sedimentary, or meta-
morphic ... ." Prior to the 1983 version of the code, the 
term "complex" had been used for a variety of geologic 
entities that do not fit the 1983 definition; for example, 
Stillwater Complex, Shoo Fly Complex, Franciscan Com-
plex, Valdez Complex. The Coast Mountains Complex 
being named in this note may be the first formal use of the 
term "complex" in the United States to follow the 1983 
definition. 

Two of the authors of this note made a serious effort 
(Brew and Ford, 1989, 1990) to amend the code to exclude 
the lithodemic term "complex" from formal stratigraphic 
nomenclature, but that proposed amendment was defeated 
by a formal vote of the North American Commission on 
Stratigraphic Nomenclature. Because the geologic entity we 
study is truly a complex as defined by the 1983 code, we are 
formally naming it herein as the Coast Mountains Complex. 

Other large plutonic-metamorphic complexes in the 
world are called "batholiths"; for example, the Boulder 
batholith of Idaho, the Sierra Nevada batholith of California 
and Nevada, the Peninsular Ranges batholith of southern 
California and northern Baja California, and the Cordilleran 
batholith of western South America. The same terms have 
been applied consistently and without variation to these 
geologic entities for many years, even though each actually 
consists of more than one "batholith" as defined by Bates 
and Jackson (1987, p. 59). Many informal terms, including 
the word "batholith," have been applied to the rocks that we 
call the Coast Mountains Complex, but we wish to follow 
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the 1983 code, which clearly indicates that "complex" is the 
proper term for the entity we study. 

Terms cited in the above section on "Previous and Cur-
rent Informal Nomenclature" that incorporate the words 
"batholith," "Coast" [used alone], "Coast Range," and 
"belt" are inappropriate because these are not approved 
geographic-physiographic names. Orth (1967, p. 227) spe-
cifically pointed out that the name "Coast Range" is "fre-
quently misapplied to the Coast Mountains." Informal terms 
including the word "belt" are also inappropriate because 
"belt" is not defined by the 1983 code. 

Names using "complex" with the implication that it is 
solely a plutonic complex violate the definition in the 1983 
code. Some of our colleagues consider the term "plutonic" 
to include medium- to high-grade metamorphic, as well as 
intrusive, rocks; Bates and Jackson (1987, p. 513) defined 
the term as "Pertaining to igneous rocks formed at great 
depth" or "Pertaining to rocks formed by any process at 
great depth." We use the term "plutonic" here in the sense 
of being associated with plutons, meaning discrete bodies of 
intrusive igneous rock. 

LOCATION AND DESCRIPTION 
OF TYPE AREA 

On the basis of our studies along the length of the 
Coast Mountains Complex in southeastern Alaska, we here 
designate a broad (about 40 km wide) transect extending for 
about 80 km from Douglas Island on the south-southwest to 
the Alaska-British Columbia boundary on the north-north-
east as the type area of the Coast Mountains Complex 
(fig. 2). This transect contains all of the various belts, zones, 
terranes, and other features that occur anywhere in the com-
plex. It is the site of the greatest amount of detailed map-
ping in the complex, and the pertinent chronometric and 
compositional units present here have been described ade-
quately and also have been correlated lithologically and 
temporally with their lateral equivalents on strike through-
out the length of the complex in southeastern Alaska. 

The transect is contained within the regional geologic 
!nap of Brew and Ford (1985), and a large part is also within 
the detailed geologic maps of Ford and Brew (1973, 
1977b), Brew and Ford (1977), and D.A. Brew and A.B. 
Ford (unpub. data). From south-southwest to north-north-
east, it is made up of these major units and structures, listed 
with their lithotectonic terrane assignments: 

(1) low-pressure, low-temperature, intermediate-composi-
tion metavolcanic and some metapelitic sedimentary 
rocks of the Douglas Island Volcanics of the Stephens 
Passage Group of the Gravina overlap assemblage 
(Lathram and others, 1965; Berg and others, 1972; Ford 
and Brew, 1988; Himmelberg and others, 1995); 

(2) the Coast Range megalineament as defined by Brew 
and Ford (1978), which is here the high-angle Gastineau 
Channel fault (Ford and Brew, 1973); 

(3) low- to medium-pressure, low- to medium-temperature, 
mafic- to intermediate-composition metavolcanic and 
some metapelitic and metacarbonate sedimentary rocks 
belonging to the Wrangellia terrane (Ford and Brew, 
1993); 

(4) medium- to high-pressure, medium- to high-tempera-
ture pelitic schists together with minor amphibolitic 
schist and marble that are presently assigned to the 
Behm Canal structural zone (Brew and Ford, 1993, 
1994) and have been described in detail by Himmelberg 
and others (1991, 1994a,b); the Late Cretaceous sills of 
the Mount Juneau pluton are within this unit (Ford and 
Brew, 1977a; Drinkwater and others, 1990); 

(5) the well-foliated and locally lineated, intermediate-
composition granitic rocks of the Great tonalite sill 
composite batholith (Brew and Ford, 1981; Brew, 1988; 
Gehrels and others, 1991; Ingram and Hutton, 1994), 
which is dated at 69 to 56 Ma and which was emplaced 
at or close to the contact between the Behm Canal struc-
tural zone to the west and the metamorphic rocks of the 
Nisling terrane to the east; 

(6) layered biotite-hornblende gneiss, amphibole gneiss, 
quartz- and feldspar-rich schist, and multicomponent 
migmatite intruded by a series of broad hornblende-
biotite granodiorite sills (Brew and Ford, 1985; Brew, 
1988, 1994; Drinkwater and others, 1989, 1990), which 
are dated at 60 to 55 Ma and which are related to the 
Great tonalite sill; 

(7) generally unfoliated, massive, and homogeneous 
sphene-biotite-hornblende granodiorite (50 Ma) of the 
Turner Lake batholith (Brew and Ford, 1985; Brew, 
1988, 1994; Drinkwater and others, 1992a,b, 1994) with 
its sporadic screens of metamorphic rocks and local 
migmatite zones; and 

(8) locally hornfelsed, intermediate-composition metavol-
canic rocks of the Stikine terrane and pelitic and semi-
pelitic schists of the Nisling terrane at and near the 
international boundary (Brew and Ford, 1985; Brew and 
others, 1994). 
All these units fit into the metamorphic-plutonic zona-

tion scheme given previously for the rocks of the Coast 
Mountains Complex as a whole (Brew and Ford, 1984). The 
western metamorphic belt consists of above units 1-4, the 
central metamorphic zone consists of units 5-6, the central 
granitic zone is unit 7, and the eastern metamorphic zone is 
unit 8. 

Magmatic and metamorphic belt classifications for 
these rocks (Brew and Morrell, 1983; Brew, 1988, 1994; 
Brew and others, 1989, 1992) aggregate some of the units 
mentioned above into larger entities and partition some 
units into different parts. The point is that the rocks in the 
type area of the Coast Mountains Complex and in the other 
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parts of the complex can be described according to a variety 
of schemes that correspond to their varied attributes, but 
definition on the basis of other attributes would not affect 
the formal naming of the complex. 

REFERENCES CITED 

Arth, J.G., Barker, F., and Stern, T.W., 1988, Coast hatholith and 
Taku plutons near Ketchikan, Alaska: Petrography, geochro-
nology, geochemistry, and isotopic character, in Sinha, A.K., 
ed., Frontiers in petrology: American Journal of Science, 
v. 288A, p. 461-489. 

Barker, Fred, and Arth, J.G., 1984, Preliminary results, Central 
gneiss complex of the Coast Range batholith, southeastern 
Alaska: The roots of a high-K. calc-alkaline arc?: Physics of 
the Earth and Planetary Interiors, v. 35, p. 191-198. 

Bates, R.L., and Jackson, J.A., eds.. 1987, Glossary of geology (3d 
ed.): Alexandria. Va.. American Geological Institute, 788 p. 

Berg, H.C., Elliott, R.L.. and Koch, R.D., 1988, Geologic map of 
the Ketchikan and Prince Rupert quadrangles. southeastern 
Alaska: U.S. Geological Survey Miscellaneous Investigations 
Series Map 1-1807, 2 sheets, scale 1:250,000, 27-p. 
pamphlet. 

Berg, H.C., Jones, DJ-, and Richter, D.H., 1972. Gravina-
Nutzotin belt-Tectonic significance of an upper Mesozoic 
sedimentary and volcanic sequence in southern and south-
eastern Alaska, in Geological Survey Research 1972: U.S. 
Geological Survey Professional Paper 8(X)-D, p. DI-D24. 

Brew, D.A., 1988, Latest Mesozoic and Cenozoic igneous rocks of 
southeastern Alaska-A synopsis: U.S. Geological Survey 
Open-File Report 88-405, 29 p., 24 figs. 

1994, Latest Mesozoic and Cenozoic magmatism in south-
eastern Alaska, in Plafker, G., and Berg, H.C., eds., The geol-
ogy of Alaska, v. G-1 of The geology of North America: 
Boulder, Colo., Geological Society of America, p. 621-656. 

Brew, D.A., and Ford. A.B., 1977, Preliminary geologic and meta-
morphic-isograd map of the Juneau B-1 quadrangle, Alaska: 
U.S. Geological Survey Miscellaneous Field Studies Map 
MF-846, scale 1:31,680. 

1978, Megalineament in southeastern Alaska marks south-
west edge of Coast Range hatholithic complex: Canadian 
Journal of Earth Sciences, v. 15, no. 11, p. 1763-1772. 

1981, The Coast plutonic complex sill, southeastern 
Alaska, in Albert, N.R.D.. and Hudson, Travis, eds., The 
United States Geological Survey in Alaska: Accomplish-
ments during 1979: U.S. Geological Survey Circular 823-B, 
p. B96-B99. 

1984. The nortnern Coast plutonic-metamorphic complex, 
southeastern Alaska and northwestern British Columbia, in 
Coonrad, W.L., and Elliott, R.L., eds., The United States 
Geological Survey in Alaska: Accomplishments during 
1981: U.S. Geological Survey Circular 868, p. 120-124. 

1985, Preliminary reconnaissance geologic map of the 
Juneau, Taku River, Atlin and part of the Skagway 1:250,0(X) 
quadrangles, southeastern Alaska: U.S. Geological Survey 
Open-File Report 85-395, 23 p., 2 sheets, scale I :250,(XX). 

1989, Note 57-Application for amendment of the North 
American Stratigraphic Code to provide for the exclusive 
informal use of the "form" terms such as batholith, intrusion. 
pluton, stock, plug. dike, sill, diapir, and body: American 

Association of Petroleum Geologists Bulletin, v. 73, p. 1452-
1453. 

1990, Proposed revisions in stratigraphic code: a letter con-
cerning Note 57-Application for amendment of the North 
American Stratigraphic Code to provide for the exclusive 
informal use of the "form" terms such as batholith, intrusion, 
pluton. stock, plug, dike, sill. diapir, and hody: Geotimes, 
v. 35, no. 2, p. 6. 

1993, The Coast Mountains plutonic-metamorphic com-
plex between Skagway, Alaska, and Fraser, British 
Columbia-Geologic sketch and road log: 1993 Geological 
Association of Canada NUNA Conference on the Northern 
Intermontane Superterrane, Whitehorse, Yukon Territory. 
August 22-28, 1993. Field Trip Guide, p. 1-21. 

1994, The Coast Mountains plutonic-metamorphic com-
plex between Skagway, Alaska, and Fraser, British 
Columbia-Geologic sketch and road log: U.S. Geological 
Survey Open-File Report 94-268. 25 p. 

Brew. D.A., Ford. A.B., and Garwin, S.L., 1985, Fossiliferous 
Middle and (or) Upper Triassic rocks within the Coast 
plutonic-metamorphic complex southeast of Skagway, in 
Bartsch-Winkler, Susan, ed., The United States Geological 
Survey in Alaska: Accomplishments during 1984: U.S. Geo-
logical Survey Circular 967, p. 86-89. 

Brew, D.A., Ford, A.B., and Himmelberg, G.R., 1989, Evolution 
of the western part of the Coast plutonic-metamorphic com-
plex, southeastern Alaska, U.S.A.-A summary, in Daly, J.S., 
Cliff. R.A., and Yardley. B.W.D., eds., Evolution of metamor-
phic belts: Geological Society of London Special Publication 
43, p. 447-452. 

1994, Jurassic accretion of Nisling terrane along the west-
ern margin of Stikinia, Coast Mountains, northwestern Brit-
ish Columbia: Comment: Geology, v. 22, no. 1, p. 89-90. 

Brew, D.A., Himmelberg, G.R., Loney, R.A., and Ford, A.B., 
1992, Distribution and characteristics of metamorphic belts in 
the south-eastern Alaska part of the North American Cordil-
lera: Journal of Metamorphic Geology, v. 10, p. 465-482. 

Brew, D.A., Karl, S.M., Barnes, D.F., Jachens, R.C., Ford, A.B., 
and Homer, R.B., 1991, A northern Cordilleran ocean-conti-
nent transect: Sitka Sound, Alaska, to Atlin Lake, British 
Columbia: Canadian Journal of Earth Sciences, v. 28, no. 6. 
p. 840-853. 

Brew, D.A., and Morrell, R.P., 1980, Preliminary map of intrusive 
rocks in southeastern Alaska: U.S. Geological Survey Miscel-
laneous Field Studies Map MF-1048, 1 sheet, with text, scale 
1:1,000,0(X). 

1983, Intrusive rocks and plutonic belts in southeastern 
Alaska, U.S.A., in Roddick, J.A., ed., Circum-Pacific plu-
tonic terranes: Geological Society of America Memoir 159. 
p. 171-193. 

Brew, D.A., Ovenshine, A.T., Karl, S.M., and Hunt, S.J., 1984, 
Preliminary reconnaissance geologic map of the Petersburg 
and parts of the Port Alexander and Sumdum 1:250,0(X) 
quadrangles, southeastern Alaska: U.S. Geological Survey 
Open-File Report 84-405, 43-p. pamphlet. 2 sheets, scale 
1:250,000. 

Buddington, A.F., 1927, Coast Range intrusives of southeastern 
Alaska: Journal of Geology, v. 35, p. 224-246. 

Buddington. A.F., and Chapin, Thedore, 1929, Geology and min-
eral deposits of southeastern Alaska: U.S. Geological Survey 
Bulletin 800, 398 p. 



	

	

	

	

	

	

	

	

	

	

	

28 STRATIGRAPHIC NOTES, 1994 

Douglas, R.J.W., Gabrielse, H., Wheeler, J.0., Stott, D.F., and 
Belyea, H.R., 1970, Geology of western Canada, in Douglas, 
R.J.W., ed., Geology and economic minerals of Canada: Can-
ada Geological Survey Economic Geology Report No. 1, 
p. 365-488. 

Drinkwater, J.L., Brew, D.A., and Ford, A.B., 1989, Petrographic 
and chemical description of the variably deformed Speel 
River pluton, south of Juneau, southeastern Alaska, in Dover, 
J.H., and Galloway, J.P., eds., Geologic studies in Alaska by 
the U.S. Geological Survey, 1988: U.S. Geological Survey 
Bulletin 1903, p. 104-112. 

1990, Petrographic and chemical data for the large Meso-
zoic and Cenozoic plutonic sills east of Juneau, southeastern 
Alaska: U.S. Geological Survey Bulletin 1918, 47 p. 

1994, Chemical characteristics of major plutonic belts of 
the Coast plutonic-metamorphic complex near Juneau, south-
eastern Alaska, in Till, A.B., and Moore, T.E., eds., Geologic 
studies in Alaska by the U.S. Geological Survey, 1993: U.S. 
Geological Survey Bulletin 2107, p. 161-172. 

Drinkwater, J.L., Ford, A.B., and Brew, D.A., 1992a, Magnetic 
susceptibilities and iron content of plutonic rocks across the 
Coast plutonic-metamorphic complex near Juneau, Alaska, in 
Bradley, D.W., and Dusel-Bacon, Cynthia, eds., Geologic 
studies in Alaska by the U.S. Geological Survey, 1991: U.S. 
Geological Survey Bulletin 2041, p. 125-139. 

1992b, Magnetic susceptibility measurements and sample 
locations of granitic rocks from along a transect of the Coast 
Mountains near Juneau, Alaska: U.S. Geological Survey 
Open-File Report 92-724, 22 p. 

Forbes, R.B., and Engels, J.C., 1970, K40/Arm age relations of the 
Coast Range batholith and related rocks of the Juneau Ice 
Field area, Alaska: Geological Society of America Bulletin, 
v. 81, p. 579-584. 

Ford, A.B., and Brew, D.A., 1973, Preliminary geologic and meta-
morphic-isograd map of the Juneau B-2 quadrangle, Alaska: 
U.S. Geological Survey Miscellaneous Field Studies Map 
MF-527, scale 1:31,680. 

1977a, Truncation of regional metamorphic zonation pat-
tern of the Juneau, Alaska, area by the Coast Range batholith, 
in Blean, K.M., ed., The U.S. Geological Survey in Alaska: 
Accomplishments during 1976: U.S. Geological Survey Cir-
cular 751-B, p. 85-87. 

1977b, Preliminary geologic and metamorphic-isograd 
map of northern parts of the Juneau A-1 and A-2 quadran-
gles, Alaska: U.S. Geological Survey Miscellaneous Field 
Studies Map MF-847, scales 1:125,000 and 1:31,680. 

1988, Major-element geochemistry of metabasalts of the 
Juneau-Haines region, southeastern Alaska, in Galloway, J.P., 
and Hamilton, T.D., eds., Geologic studies in Alaska by the 
U.S. Geological Survey during 1987: U.S. Geological Survey 
Circular 1016, p. 150-155. 

1993, Geochemical character of upper Paleozoic and Trias-
sic greenstone and related metavolcanic rocks of the 
Wrangellia terrane in northern southeastern Alaska, in Dusel-
Bacon, Cynthia, and Till, A.B., eds., Geologic studies in 
Alaska by the U.S. Geological Survey, 1992: U.S. Geological 
Survey Bulletin 2068, p. 197-217. 

Gehrels, G.E., McClelland, W.C., Samson, S.D., Patchett, P.J., and 
Brew, D.A., 1991, U-Pb geochronology of Late Cretaceous 
and early Tertiary plutons in the northern Coast Mountains 

batholith: Canadian Journal of Earth Sciences, v. 28, no. 6, 
p. 899-911. 

Gehrels, G.E., McClelland, W.C., Samson, S.D., Patchett, P.J., and 
Jackson, J.L., 1990, Ancient continental margin assemblage 
in the northern Coast Mountains, southeast Alaska and north-
west Canada: Geology, v. 18, p. 208-211. 

Himmelberg, G.R., Brew, D.A., and Ford, A.B., 1991, De \ clop-
ment of inverted metamorphic isograds in the western meta-
morphic belt, Juneau, Alaska: Journal of Metamorphic 
Geology, v. 9, p. 165-180. 

1994a, Evaluation and application of garnet amphibolite 
thermobarometry, western metamorphic belt near Juneau, 
Alaska, in Till, A.B., and Moore, T.E., eds., Geologic studies 
in Alaska by the U.S. Geological Survey, 1993: U.S. Geolog-
ical Survey Bulletin 2107, p. 185-198. 

1994b, Petrologic characterization of politic schists in the 
western metamorphic belt, Coast plutonic-metamorphic com-
plex, near Juneau, southeastern Alaska: U.S. Geological Sur-
vey Bulletin 2074, 18 p. 

1995, Low-grade, M i metamorphism of the Douglas Island 
Volcanics, western metamorphic belt near Juneau, Alaska, in 
Schiffman, Peter, and Day, H.W., eds., Low-grade metamor-
phism of mafic rocks: Geological Society of America Special 
Paper 296, p. 51-66. 

Holland, S.S., 1964, Landforms of British Columbia-A physio-
graphic outline: British Columbia Department of Mines and 
Petroleum Resources Bulletin 48, 138 p. 

Ingram, G.M., and Hutton, D.H.W., 1994, The Great Tonalite Sill: 
Emplacement into a contractional shear zone and implica-
tions for Late Cretaceous to early Eocene tectonics in south-
eastern Alaska and British Columbia: Geological Society of 
America Bulletin, v. 106, p. 715-728. 

Karl, S.M., and Brew, D.A., 1984, Migmatites of the Coast 
plutonic-metamorphic complex, southeastern Alaska, in 
Reed, K.M., and Bartsch-Winkler, Susan, eds., The United 
States Geological Survey in Alaska: Accomplishments during 
1982: U.S. Geological Survey Circular 939, p. 108-111. 

Lathram, E.H., Pomeroy, J.S., Berg, H.C., and Loney, R.A., 1965, 
Reconnaissance geology of Admiralty Island, Alaska: U.S. 
Geological Survey Bulletin 1181-R, p. RI-R48, 2 maps, 
scale 1:250,000. 

Monger, J.W.H., Price, R.A., and Tempelman-Kluit, D.J., 1982, 
Tectonic accretion and the origin of the two major metamor-
phic and plutonic welts in the Canadian Cordillera: Geology, 
v. 10, p. 70-75. 

North American Commission on Stratigraphic Nomenclature, 
1983, North American Stratigraphic Code: American Associ-
ation of Petroleum Geologists Bulletin, v. 67, no. 5, p. 841-
875. 

Orth, D.J., 1967, Dictionary of Alaska place names: U.S. Geologi-
cal Survey Professional Paper 567, 1,084 p. 

Roddick, J.A., and Hutchison, W.W., 1974, Setting of the Coast 
plutonic complex, British Columbia: Pacific Geology, v. 8, 
p. 91-108. 

Souther, J.G., 1971, Geology and mineral deposits of the Tulse-
quah map area, British Columbia: Canada Geological Survey 
Memoir 362, 84 p. 

Wahrhaftig, Clyde, 1965, Physiographic divisions of Alaska: U.S. 
Geological Survey Professional Paper 482, 52 p. 



SELECTED SERIES OF U.S. GEOLOGICAL SURVEY PUBLICATIONS 

Periodicals 

Earthquakes & Volcanoes (issued bimonthly). 
Preliminary Determination of Epicenters (issued monthly). 

Technical Books and Reports 

Professional Papers are mainly comprehensive scientific 
reports of wide and lasting interest and importance to professional 
scientists and engineers. Included are reports on the results of 
resource studies and of topographic, hydrologic, and geologic 
investigations. They also include collections of related papers 
addressing different aspects of a single scientific topic. 

Bulletins contain significant data and interpretations that are 
of lasting scientific interest but are generally more limited in scope 
or geographic coverage than Professional Papers. They include the 
results of resource studies and of geologic and topographic investi-
gations, as well as collections of short papers related to a specific 
topic. 

Water-Supply Papers are comprehensive reports that present 
significant interpretive results of hydrologic investigations of wide 
interest to professional geologists, hydrologists, and engineers. 
The series covers investigations in all phases of hydrology, includ-
ing hydrogeology, availability of water, quality of water, and use of 
water. 

Circulars present administrative information or important 
scientific information of wide popular interest in a format designed 
for distribution at no cost to the public. Information is usually of 
short-term interest. 

Water-Resources Investigations Reports are papers of an 
interpretive nature made available to the public outside the formal 
USGS publications series. Copies arc reproduced on request unlike 
formal USGS publications, and they are also available for public 
inspection at depositories indicated in USGS catalogs. 

Open-File Reports include unpublished manuscript reports, 
maps, and other material that are made available for public consul-
tation at depositories. They are a nonpermanent form of publica-
tion that may be cited in other publications as sources of 
information. 

Maps 

Geologic Quadrangle Maps are multicolor geologic maps 
on topographic bases in 7.5- or 15-minute quadrangle formats 
(scales mainly 1:24,000 or 1:62,500) showing bedrock, surficial, 
or engineering geology. Maps generally include brief texts; some 
maps include structure and columnar sections only. 

Geophysical Investigations Maps are on topographic or 
planimetric bases at various scales; they show results of surveys 
using geophysical techniques, such as gravity, magnetic, seismic, 
or radioactivity, which reflect subsurface structures that are of eco-
nomic or geologic significance. Many maps include correlations 
with the geology. 

Miscellaneous Investigations Series Maps are on planimet-
ric or topographic bases of regular and irregular areas at various 
scales; they present a wide variety of format and subject matter. 
The series also includes 7.5-minute quadrangle photogeologic 
maps on planimetric bases that show geology as interpreted from 
aerial photographs. Series also includes maps of Mars and the 
Moon. 

Coal Investigations Maps arc geologic maps on topographic 
or planimetric bases at various scales showing bedrock or surficial 
geology, stratigraphy, and structural relations in certain coal-
resource areas. 

Oil and Gas Investigations Charts show stratigraphic infor-
mation for certain oil and gas fields and other areas having petro-
leum potential. 

Miscellaneous Field Studies Maps are multicolor or black-
and-white maps on topographic or plani metric bases for quadran-
gle or irregular areas at various scales. Pre-1971 maps show bed-
rock geology in relation to specific mining or mineral-deposit 
problems; post-1971 maps are primarily black-and-white maps on 
various subjects such as environmental studies or wilderness min-
eral investigations. 

Hydrologic Investigations Atlases are multicolored or 
black-and-white maps on topographic or planimetric bases pre-
senting a wide range of geohydrologic data of both regular and 
irregular areas; principal scale is 1:24,000, and regional studies are 
at 1:250,000 scale or smaller. 

Catalogs 

Permanent catalogs, as well as some others, giving compre-
hensive listings of U.S. Geological Survey publications are avail-
able under the conditions indicated below from the U.S. 
Geological Survey, Information Services, Box 25286, Federal 
Center, Denver, CO 80225. (See latest Price and Availability List.) 

"Publications of the Geological Survey, 1879-1961" may 
he purchased by mail and over the counter in paperback book form 
and as a set of microfiche. 

"Publications of the Geological Survey, 1962-1970" may 
be purchased by mail and over the counter in paperback book form 
and as a set of microfiche. 

"Publications of the U.S. Geological Survey, 1971-1981" 
may be purchased by mail and over the counter in paperback book 
form (two volumes, publications listing and index) and as a set of 
microfiche. 

Supplements for 1982, 1983, 1984, 1985. 1986, and for sub-
sequent years since the last permanent catalog may be purchased 
by mail and over the counter in paperback book form. 

State catalogs, "List of U.S. Geological Survey Geologic 
and Water-Supply Reports and Maps For (State)," may he pur-
chased by mail and over the counter in paperback booklet form 
only. 

"Price and Availability List of U.S. Geological Survey 
Publications," issued annually, is available free of charge in 
paperback booklet form only. 

Selected copies of a monthly catalog "New Publications of 
the U.S. Geological Survey" are available free of charge by mail 
or may be obtained over the counter in paperback booklet form 
only. Those wishing a free subscription to the monthly catalog 
"New Publications of the U.S. Geological Survey" should write to 
the U.S. Geological Survey, 582 National Center, Reston, VA 
22092. 

Note—Prices of Government publications listed in older cata-
logs, announcements, and publications may be incorrect. There-
fore, the prices charged may differ from the prices in catalogs, 
announcements, and publications. 



	
 
				

 

	
 
	

 
		

S
T

R
A

T
IG

R
A

P
H

IC
 N

O
T

E
S

, 1
9

9
4

--U
.S

. G
eo

lo
g

ical S
u

rv
ey

 B
u

lletin
 2

1
3

5
 

Lr) 

0
 

c
o

 

w
 

M
T
 

C
C, 

0
 

• 

co 
(.9 

C
O

 

c
o
 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35

