P |
F177g,

ROTES Ol THE PALEOZOIC LILESTONE SERTES

AT BISBEE, ARIZONA

- A description of the most prominent

markers in the Bisbee limestones.

By

Eo Ho ‘-tiSSGI‘

November, 1926




TABLE

Necessity for Markers
Bolsa Quartiite et
Abrigo Limestone.
Parting CQuartzite
Martin Limestone.
liscabrosa Limestone

aco Limestone. . R

OF CONTEXNTS

Page

© o o N+

1L



ILLUSTRATIONS

Generalized Section of
Middle lember. . . . .

Generalized Section of

Generalized Section of

Generalized Section of

Fossils Characteristic

Fossils Characteristic

Detailed Sections. . .

Opposite
Page
the Abrigo. . . . . 2
> > - > . . * - . - 3
the Martin. . . . . 5
the Escabrosa . . . 9

the kaco. . . . . . 12
Folloving

Page

of the lartin . . . 7

of the Escabrosa
and Naco.. . . . 10

. o ° ° L d . L] . . e . 13

Abrigo Limestone (Upper Cambrian)
Naco Limestone (Upper Carboniferous)

In
Pocket

Martin Limestone (Devonian) . . . . . . .
Escabrosa Limestone (Lower Carboniferous)




NOTES ON THE PALEOZOIC LIVESTOLE SERIES

AT BISEERE

The following notes cover a brief description of
those markers in the limestone series at Bisbee proved by
experience to be the best-defined ang most consistent through-

out the district.

Necessity for iarkers

larkers in the beds at frequent intervals are neces-
sary for finding the stratigraphic Position in workings of
limited extent, for finding the displacement of faults, and
for working out the structure from the surface alone, espe-
cially where the beds are Trelatively flat-lying and the relief
of the county is slight. As more and more work is done in the

country lying outside the Sacramento Hill alteration halo, the

because the selective action of particular groups of beds upon

ore deposition ig far more marked in the outlying areas.

Bolsa Quartzite: No sections were taken of the Bolsa'quartzite.

Good markers appear absent. The top of the formation containsg
a number of shaly beds between quartzitic beds; coarsely con-
glomeratic beds occur near the bottom. There are few workings
in the Bolsa, and as it is only a little over 400 feet thick,

it has given little trouble in working out structure.
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Abrigo: This formation is about 750 feet thick and is varied
in character: the upper half is distinctly crystalline, the
lower half yreponderantly shaly.

At the bottom occur several series of beds, dark
gray on the surface, dense black on breaking, with conchoidal
fracture resembling the liaco, but carrying numerous small
irregular brownish crystalline splotches which weather on the
surface as small pits. Above these pitted beds occurs a thick
series of dark shaly limestone, thin-to very thick-bedded, with
several bands of very thin-bedded gray fine-crystalline lime-
stone, with characteristic wavy, shaly parting between the
beds, giving an unmistakable appearance, and indicating a

position in the Abrigo well below the middle.
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By far the best Abrigo marker is the so-called liiddle
Member, a series of remarkably evenly-bedded limestone, the
beds averaging 2" in thickness. They are separated from each
other by wavy greenish laminae (chiefly epidote). On the sur-
face, these laminae weather more resistantly than the beds
themselves, and stand out prominently in the outcrops, giving
the whole exposure a green tinge, although the beds themselves

are light bluish gray. Ransome has an excellent photograph
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of this iiiddle IlMember in Fig. 5, Illustrations I, of the

Sisbee ¥olio. (See opposite page.) Underground, the laminae

or partings are much less conspicuous, and the series appears
simply as thin and uniformly bedded fine-crystalline to shely
limestone. Typical of this series is its habit of breaking in
the drift into large blocks, wnich look massive; upon close ex-
amination, the traces of the thin beds may be seen upon the frac-
ture surface of the block. Ancther unmistakable characteristic
is the fact that no beds thicker than 6" occur within the series;
in the upper portion the beds are thicker, approaching 6", and
distincily crystalline, with the characteristic Abrigo appear-
ance, namely, non-crinoidal, even-granular, with very shiny faces
on tne crystals. Toward the bottom of the Liiddle liember, the
beds are thinner, around 1%, and more shaly; the partings in-
crease in relative importance and the ®ries here resembles the
thin-bedded bands in the lower Abrigo. (Sketch, page 2.) The
bottom of the liiddle liember is 350 feet above the bottom of the
Abrigo, or 400 feet below the top; the series ig 175 feet t hick,
and the top of tThe series is 530 feet above the bottom of the
Abrigo and 220 feet below the top of the Abrigo. The top of

the kiddle XMember is unmistakable, since the beds above it are
the characteristic sandy or crystalline, mediun granular, glmost

"hite 1-2 fool beds of the upper Abrigo. The transition from

L
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the thick sandy beds to the thin-bedded liddle Member is abrupt

and easily recognized.



The beds immediately above the liiddle liember are
typically sandy, with strongly marked cross-bedding, espe-
cially noticeable on the surface, due to the removal of the
lime matrix from around the grain of sand. Above this sandy
series the beds are crystalline, white to gray, and have the
peculiar faint wavy banding typical of ithe upper Abrigo.

Several quartzitic beds occur in the upper 150 feet
of the Abrigo, below the Parting quartzite. Generally, they
are easily differentiated from the Parting quartzite because
they are aphanitic, apparently intensely silicified limestone
rather than true quartzite; but as the Parting quartzite it-
self sometimes is aphanitic rather than granular, care must
be taken not to confuse these beds with the Parting quartzite.
_ The Abrigo, above the Middle liember, outcrcps as a
white cliff, often divided in two by a band of reddish beds.
The liiddle liember ocutcrops as occasional small cliffs showing
the characteristic wavy green partings, the limestone breaking
off as thin plates, bluish gray in color; the lower Abrigo
being shaly, oulcrops only occasionally as small ledges. An
excellent exposure of the Abrigo above the Liddle Hember is in
<=3"5 drift, Wwhite Tailed Deer 200 level, where it can be seen
i from the Parting quartzite to the top of the liiddle Iiember.

i For the liiddle lember, the Boras 900 level, main drift, affords
a good place for study. The bottcﬁ of the Member is about 360
feet north of the shaft ana the top, about 680 feet north of

the shaft. For the shaly lower Abrigo, the long IE drift on

ssill o
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the 300 level of the VWolverine No. 2 Shaft (Vhite Tailed
Deer 100 level) and the Wolverine Ko. 1 Shaft 500 level

afferds a complete section down to the Bolse qQuartzite.

Parting Quartzite: This is usually composed of white quartz
grains, fairly well rounded, in a matrix, generally of silicsa,
but occasionally lime. Replacement of the matrix by hematite,
pyrite and other minerals is not uncommon vhere the matrix
was originally limy, oOr shaiy. Sometimes, as stated above,
the quartzite is aphanitic, no grains being visible, and may
bg confused with the quartzitic beds in the upper Abrigo.
There is, without doubt, an uncenformity between the Parting
quartzite and the Martin, so that the quartzite varies greatly
in thickness, and has even been completely removed in places.
Tts maximum thickness is about 15 feet, and it averages about
8 feet.

The Parting quartzite outcrops aé a white cliff, is
brittle, and bresks off into the cube-shaped chunks characterf
istic of quartzite. Places for its study are numerous. IEx-
amples are the 200 level, White Tailed Deer #ine; the 600
and 700 Tighthawk, the 800 Boras, 1000 and 1100 Cole north

of the Boras claim, and the 9CO Cole, north of the Tuscarora
claim.
Martin: This formation, with its abundance of excellent

markers, is by far the most valuzble series in the district

for working out structure. The Yartin varies from 300 to



975 feet in thickness; like the Abrigo, its upper part is,

for the most part, crystalline, its lower part shaly. ZXFrom

5 tec 10 feetl above the Parting quartzite there frequently oc-
curs a small thickness of black paper shale; as this is unkncwn
in the upper Abrigo, its rresence will definitely determine the
Parting quartzite where there is a chance that the latter is
one of the quartzitic beds in the Abrigo.

The lower 30 to 40 feet of the Martin consist of
cystalline to shaly beds, 2ﬁ to 1 foot thick, with some more
coarsely crystalline and thicker beds near the bottom. All
of the beds are gray to bluish gray,; in some places, notably
in the Don Luis area, the lower wartin beds surprisingly re-
semble those of the upger Abrigo, e xcept that they are normally
- slightly darker in color; they are sometimes fully as crystal-

; line for a short distance above the Parting quartzite as those

- of the Abrigo just below the Quartzite. At 350-40 feet above the
' base of the iartin, occur about 20 feet of black shaly beds,
from 2" to 4" in thickness. These form an excellent marker,

as they are practically universal in tre district. Above these
beds is the "Big Shale", a striking and unmistakable feature  of
the lower lMartin. The shale is perfectly massive, with no trace
of bedding, is black to putty-coclored, and has a pronounced con-
‘choidal or occasionally blocky fracture. It is aphanitic in
‘texture, with = very few scattered crinoids. Scétuered through
it also are occasicnal épecimens of spirifer. Toward the top

of the shale, a tendency toward rough bedding can sometimes



be seen, and the member is sometimes fine-crystalline here

- rather than shaly. A horizon of very large crinoids occurs

near the top of the shale and in the beds immediately overly-

: ing the shale. In the Boras mine, on the 700, 800 and 900 levels,

- a quartzitic bed, with rounded black or white quartz pebbles in
a shaly matrix, occurs at the top of the Big Shale, and this

‘has been confused with the Parting quartzite.

Above the big shale occur dark to black shaly to finé-

crystalline beds, 6" to 1 foot in thickness. This series is

f 10 to 15 feet thick. Above it lies the Pseudo;Abrigo, a series
of fine-crystalline to shaly beds 2" to 1 foot thick, with wavy

T bands remerkably resembling those in the upper Abrigo, and easily

f confused with the latter. <The Pseudo-Abrigo beds, however, are

| characteristically chalky rather than sandy or crystalline, and

| the bands are not qguite as distinct as those in the upper Abrigo
and somewhat less wavy. The color of the Pseudo-Abrigo is gen-
erally light gray and some brown beds occur. At the top of the
Pseudo-Abrigo occurs a concentration of spirifer in brown shaly
beds, 6" to 1 foot in thickness, with Wa%y bendiﬁg. The entire
Pseudo-Abrigo is 30 to 40 feet thick. Just above it are pinkishv
fine-crystalline to shaly 1" to 6" beds, with scattered spirifer,
grading into gray to black fine-grained beds up to 2 feet in
thickness. In this latter series occurs the concentration of
of atrypa and spirifer which ranks next to the Parting quartzite
as the easiest marker in the entire district. The atrypa occur

about 200 feet abcve the Parting guartzite; the main concentration



Martin (Devonian)

Atrype Reticularis.

Fig. 1.
la.

Fig. 2.

Dorsal view.
Side view.

Ventral view of larger specimen.

Spinifer Hungerfordi.

Fig. 3.
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Fig. 4.

Ventral view.
Side view.

Dorsel view of larger specinen.
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Schizophoria Striatula.

Flg. B
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Fig. 6.

Pig. 7.

Fig. 8.

Fig. 9.

Dorsal view.

Front view.

Ventral view.

Pachyphyllum Vcodmani.

Acervularia Davidscni.

Cladcpora Prolifica.

Diplophyllum Callaweyensis Branson, from

Missouri, which closely resembles llartin
coral called in this paper "Diphyohyllum".
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is about 15 feet thick and here the atrypa are extremely abun-
dant, occurring in a matrix of nearly black, fine-crystalline
limestone. Corals (acervularia and cladopora) occur with the
atrypa, but sparingly. A useful thing to remember is that while
occasionsl atrypa occur for 50 feet below this main concentra-
tion, none occur above it; and, while corals occur throughout
the upper Wartin, to within 20 feet of the top, none occur below
the concentration of atrypa.

From 15 to 20 feet ébove the atrypa and separated from
them by thin-bedded gray shaly limestone, occurs the main coral.
cliff of the iartin, a resistant massive bed about 15 feet thick,
literally studded with corals, cladopora and diphyphylla, the
acervularia being rare or absent. The corals occur in a matrix
of black fine-crystalline limestone, and the cliff weathers as
very dark chocolate to black.

Above the Coral Cliff, the Martin consists of dark
gray (o black fine-crystallinelimestone in beds averaging 2 feet
in thickness, weathering chocolate brown. Above and below the
Lscabrosa limestone contact, the beds are distinctly pinkish in
hue, and at the contact occur the Pink Beds, shaly to fine-crys-
talline beds, 2" to 18" thick. Just below the Pink Beds occurs,
in some areas, a bed of pure white, even-granular limesione re-
sembling some beds in the upper Abrigo. %Vhere present, this
forms an excellent marker for the Nartin-Escabrosa contact.

As described above, the upper liartin weathers chocolate

colored; the lower Lartin seldom outcrops, due to its shaly

-8~
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nzture; both the alrypa and main coral ccncentrations usually
outcrop as small cliffs, due tec the hard, crjétalline character
of theif matrices. In general, the wartin limestone is less
likely to form striking clifi's than either the Upper Abrigo or
the mwscabrosa.

Wumerous good exposures of the Lartin occur. An ex-
cellent surface exposure is on the hill east of the Cole lo0.3

Shaft.

Lscabrosa Limestone: This formation apnears to vary greatly in

thickness. In the Don Luis area, it is slightly less than 600
feet thick, while in the neighborhcod of Gold Hill it is over
800 feet thick. It is predominantly the cliff-meking formation
of the Bisbee district, and any massive limestone cliff over 30
feet in thickness, with only very rcugh bedding, or none at all,
is almost certainly Lscabrosa.

The bottom 50 feet of tlie scabrosa is characteristic-
ally pink in color; in places, even red; and consists, for the
most part, of fine-crystalline beds up to 1lU feet in thickness,
with occasional white coarse-crinoidal beds, and some gray aphan-
itic beds with conchoidal fraciure, resembling the lower Laco.
Above these beds occurs the Lower Cliff, about 50 feet in tr.ick-
' ness, generally massive, but with rough 2-fcot bedding near the
top. This cliff is characteristically aphanitic in texture, re-
sembling Kaco, but a lighter gray in color. Occasional irregu-
llar areas of coarsely erinoidal limestone occur, and this is

typical of the cliff. Chert is confined to the upver half, and



is rare here, and never in any considerable cohcentration. At
the upprer part of the cliff, the peculiar fossils, consisting
of a mass of parallel tubes, giving a honeycomb appearance

in cress-section, apvear for the first time.

Above the Lower Cliff, one or more vhite cocarse
crinoidal bteds, often of consideralile thickness, occur. Above
these, the beds become somewhat thinner and very much darker;
for the most part, aphanitic, Naco-like, with occasional crinoi-
dal or crystalline beds. Sevéral weather chocolate colored.
Scaettered lentils of dark gray or black chert occur. At about
250 feet from the bottom of the Escabfosa, the Lover Chert beds,
one of the best markers in the district, appear. This series
~is about 50 feet thick, and once recognized, can rarely be mis-
taken. The beds are 1" to 8" thick, dark gray to black, fine-
crystalline in texture, and between them occur abundant thin
dark gray, occasicnally white, chert lentils. The thickness of
this series, the thinness of its component veds, the character-
istic dark color bétween the light gray or white lower and upper
cliffs, all serve to identify this series.

Abruptly set off from the Lower Chert by its white
color and coarsely crinoidal texture is the Upper Cliff, the
main cliff of the Escabrosa, about 100 feet thick. Bedding is
ill-defined or absent; the cliff can readily be distinguished
from the Lower Cliff by its greater thickness, by its coarsely
crinoidal texture, but particularly by the ratches or concentra-

tions of chert lentils which occur in its upper half. (Tre "Upper

10~



Fig. 1.

Escabrosa ("Lower Carbonifercus")
Phanerotinus Paradoxus.
- Restricted to the Escabrosa.

Straparollus Luxus.
- Escabrosa ang laco.

Pima. 2 Side View
G Seen frum sbove.

(Fote - The fossil in the lower Escabrosa
at locations shown on sections may be €ither
of these; it is probably Phanerotinus Para-
doxus. )

Naco (“Tpper Carbonifercus")

Fig. 4. Fusulinsa Cylindrica.

- Restricted to the Naco.

Fig. 5. Productus Sermireticulatus.

~- Restricted to the Iaco.
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Escabrosa ("Lower Carboniferous")

Naco ("Upper Carbcnifercus b



Chert") These patches are not continuous, like the Lower
Chert, but, as their name implies, are simply local conceﬁtra-
tions of chert lentils within the massive cliff. They may
reach a length of over 150 feet, and.are scrietimes 50 feet in
thickness.

Abcve the Upper Cliff, the Escabrosa makes another
very abrupt and strking transition. From the top of the cliff
to the base of the Naco, the kscabrousa consists of very dark
to black, coarsely crinoidal beds Witn occasional dark aphienitic
merbers, averaging about £ feet in thickness, with scattered
chert lentils, but with no such concentration of the latter as
to lead to confusion with the Lower Chert beds, which at z dis-
tance greastly resemble this upper Escabrosa.

The series: white or light gray Lower Cliff, dark
Lower Chert beds, white Upper Cliff, dark upper Escabrosa can
never be confused with any other in the district, and the Esca-
bresa limestone, where enough of it can be seen, is quite easy

tc place in the ccrrect stratigraphic horizon.

Neco: The Naco, at least the lower 1000 feet of it, is essen-

tially a thin-bedded formation, the beds averaging about 2 feet
in thickness. Cliffs are rare, and never over 25 feet thick;

the surface color of the iaco is a distinct bluish gray. There
is never a trace of blue in any of the kLscabrosa, a slight buff
or yellowish tinge being the only variant from the charactericstic

dirty light gray or dark gray of that formation. A lithologic

-11-
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contact has been used by Blanchard and the writer in the

Bisbee district, and this appears to be much more satisfactory
than that based on fossils, hitherto used. <The beds above the
dark to black, crinoidal upver kscabrosa are very light bluish
gray to nearly white on the surface, and are preponderantly
dark gray to black, upon breaking, with the characteristic
Naco aphanitic texture and conchoidal fracture. This makes
an extremely easy field contact, and as there appears to be no
measurable unconformity between tle Escabrosa and Faco forma-
tions, it is reccmmended for field use.

Good markers in the Naco are rather scarce. About
380 feet up frcm the base occurs a conspicuous white cliff,
highly fossciliferous, ccntaining small brachyopods and crinoids,
with long, horizontal, dark chert lentils. Directly below
thisg cliff 1is a series, about 40 feet, of very dark, richly
crinoidal beds resembling the crinoidal beds at the top of the
Escabrosa. AbouthOO feet above the bottom of the aco occurs
the bpest marker of the formation, the Naco Pseudo-Abrigo.
This series, 10-20 feet thick, consists of thin-bedded shaly
limestone with wavy greenish cherty laminae, superficially
resembling the liiddle llember of the Abrigo. The limestoﬁe
breaks off on the surface as thin plates, and the series is
a very distinct and valuable marker.

The laco, for the most part, is tough and resistant,
and wvhile it contains no prominent cliffs in its lower 1000

feet, it stands up well under erosion and fomms such steep

-1lZ-
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features a8 Cueen Hill, the Lucky Jack Ridge, etc. The Liaco-

. Escabrosa contact described abive may he seen on the southwest
slope of Lt. Reilly; at the north and south ends of the Hedberg
Area; and near the C & C snaft. “ne Pseudo~Abrigo is best seen
in tne fedberg block; also on the Lucky Jack Ridge, on the

Lucky Jack and Ilawara clailus.
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