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LATION OF ARIZONA PALEOZOIC CAMBRIAN 467

JCSON SUB-AREA ) . .
. ion is 165 feet in thickness, and the thickness of the entire Cochise
;ﬁﬂ-—; tion in the Whetstone Mountains is 311 feet.

Abrigo formation.—ln the type locality at Bisbee, the Abrigo has been
terized by Ransome as “thin-bedded impure, in part shaly, in part
aceous, very cherty dolomitic limestone. Carries Middle Cambrian
“en.ls Bed of white quartzite about 8 feet at top.”*” The thickness is
. ;;s 770 feet. The age was determined by Walcott, on the basis of
: the paleontologic material collected by Ransome. No species names,
© powever, Were given in any of Ransome’s publications. Later, Walcott
- dited the following brachiopods from the Abrigo: Obolus tetonensis Wal-
cott and Obolus zetus (Walcott).*®* In a still later paper, a cranidium
and 8 pygidium of Crepicephalus texanus (Shumard), found in the Moore
Canyon near Bisbee, are mentioned.**
~ Obviously, the part of the Cambrian limestone of Bisbee that contains
6bolus zetus is older than the beds with Crepicephalus texanus. Although
B0 Middle Cambrian trilobites have been found in the Bisbee area thus
ﬁ;, the “algal” limestone so characteristic of the Cochise formation is
esent in the Escabrosa Ridge west of Bisbee.
. The base of the Abrigo formation is marked by the sudden appearance
"of Crepicephalus texanus (Shumard) and Hesperaspis butler: n. sp., the
frst-named form persisting throughout the entire formation, the second
emingly restricted to its basal layers. So characteristic is the presence
Hesperaspis butleri at the base of the Abrigo that in every Cambrian
; op in southeastern Arizona known to the writer this species has
1 collected. It occurs invariably with Crepicephalus texanus. The
80 of the Abrigo has been located in the Escabrosa Ridge at Bisbee; in
§ Whetstone Mountains, Cochise County, between Benson and Tucson;
e Picacho de Calera Hills, Pima County, 25 miles west of Tucson;

¢, and Cochise formation.—At, the p °
1cson sub-area, is the Bolsa quarty;
bbly grits, and cross-bedded, Vit
a total thickness varying from 43 foeg,
wcho de Calera Hills, 25 mileg west
: Pima sandstone, a buff, hard sapg;
rtzite in places. This sandstone,
re than 60 miles, from the Whetgq
o the Picacho de Calera Hills, pipa
(Iphidella) pannula (White).
id the Abrigo is the Cochise format;ogt
ne Mountains, it consists of threg g
re pink and reddish, thin-bedded gand
follow 116 feet of yellow, pink, gral
;, which in the upper horizons alt,em
ubbly limestone. Brachiopods, inclifl
is (Walcott) in some abundance, ang
raulos n. sp.) have been found in tfS
pper division is characterized by big
estone, rather grayish, brownish, an
igher in the section, the blue limestoni
1ous. Within the lower part of the b
rith them, are thin-bedded, calcaré
Neolenus intermedius pugio Walog
igmental. Layers with edgewise ¢d
vision is easily recognizable, since &
+ weathering than the beds of the g
the formation are beds of oolitio &
et thick, replete with small spherf
ng to show algal structure un
estone are thin-bedded pink and g&
and thin-bedded gray arenaceous lif
scimens of Alokistocare cfr. linnargl
Chese beds are of interest for t.
Uokistocare, all undescribed "

O

hen first found, the specimens of Hesperaspis were supposed to belong
w genus. Realizing that similar material might be present in the
llections of Walcott, or even described in Walcott’s unpublished
‘}féﬁpts, the writer in 1928 sent photographs of the Arizona form
; : " White, and asked him to submit them to Ulrich and Resser,
1l-preserved specimens of a Micromg I charge of Walcott’s material. White’s answer contained the
(P.) superba (Walcott) princip? B 8 statement:

idium. The top of the formation g8 . r Ulrich has examined your photographs of the trilobite found with Crepi-
he algae-like inclusions. Th;?s P tezanus. He says the form you have is allied to Giordanella from Sardinia,

2 Ransome: Some Paleozoic sections in Arizona and their correlation, U. S. Geol. Surv.,
$8-K (1916) pl. 25.

Walcott : Cambrian Brachiopoda, U. S. Geol. Surv., Mon. 51 (1912) p. 417, 422.
Waleott: Cambrian geology and paleontology: Cambrian trilobites, Smithson. Misc. Coll..
3 (1918) p. 213.

nsome: The geology and ore deposits of
’ap. 21 (1904) p. 28-30. ’
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Hesperaspis butl,'
(Plate 1, !

but is more strictly congeneric and is probably specifically the fo
described in unpublished manuscripts of Mr. Walcott as Hesper
cott. This species occurs toward the close of the Crepicephalug fam,g
Rocky Mountains of Montana and in Wyoming. g

jes differs from Hesperaspis 7
tec;3 cranidium, highest in the f
bella always visible in front, a;
on of the frontal border, 1
the glabella, a stronger-

Later the writer had an opportunity to examine the mg
Little Rocky Mountains, preserved in the Smithsonian Tnstituf}
Arizona material is much better preserved, and its stratigrapm ¥,
is precisely known. At present, two species are distinguisheg
Upper Cambrian of Arizona at the base of the Crepicephal Fe
zone. To avoid nomina nuda, these forms are here provisionally
as Hesperaspis ransomei n. sp., and H. butleri n. sp., both
fossils for the basal Abrigo. :

Ferentiati
!1::‘ w’: tO

ine. .
eb?smaller form and never attains

epis butleri is widely distributs
practically every known outer
®itone Canyon between Bisbee and ;
£ Picacho de Calera Hills; and in &
s base of the Abrigo formation wit

Hesperaspis ransomet, new species [the Whetstone Mountains, app

(Plate 1, figures 6, 7) T B brigo with Hesperaspis butler
Be up of trilobite fragments, an
ne that have casts of large

Cranidium from medium size to large, somewhat flat, with a bW
subrectangular above the postero-lateral limbs, highest above its mid “é

the anterior part of the glabella and in front of the eyes, thence it alo ° : iats i
anteriorly and posteriorly. Glabella very faintly outlined but nearly alwﬁ' ; i here in assocflatlon Wlt.h .a v
in reflected light or when covered with ammonia powder. The shallow and Ghutilil fgenus. Asaphiscus (Blainia)

dorsal furrows are strongest in the posterior part of the glabella and almost b .
in front; consequently, the glabella is distinctly separated from the fixed | ¥
in its posterior part only, where it is raised above the postero-lateral limbe ' !
elevated along a gentle and obtuse median ridge which disappears ante it
whereas, anteriorly it merges into the frontal limb. Nevertheless, the eow %

o

Borms related to Asaphiscus, b
fracterize this horizon.

dopper Queen limestone—~—The y
fern Arizona consists of localiz
¥ Bisbee-Tucson sub-area, the
#nigo formation is represented by
ne and the Rincon limesto
Bansome?° has described in the
ne 6 feet in thickness abo
limestone withstands weath-
g0, which is made of “rathe
fe.” In Ransome’s Figure 4, 1
Rlion in the Escabrosa Ridge n
Yy as the upper hill within t
tilobites collected there by ]
&adia Walcott and Irvingella’

rounded-in-front outline of the glabella is clearly indicated. There are no gl i
furrows. The broad, convex, crescentic, occipital segment, separated from th -
bella by a very shallow, barely perceptible depression representing the 0eC _,,,2
furrow, bears a strong median elevation, passing posteriorly into a sharp Ooe
spine.

Postero-lateral limbs large, wide, semicrescentic in outline, sloping out .
posteriorly, abutting against the posterior part of the glabella, with deeply imp 4
posterior furrows not connected with the occipital furrow. Fixed cheeks, loos oot 3
half as wide as the glabella, merge into a broad frontal limb which is .
by an almost imperceptible depression from the narrow frontal border.
lobes of medium size, not elevated above the fixed cheeks, contained
times in the length of the glabella, are placed about the mid-length of the
Palpebral ridges absent. 4

Facial sutures, cutting the posterior border within the genal angles, ascend
around the postero-lateral limbs to the base of the palpebral lobes, ou Pt
latter, cutting a little inward above, and thence extend anteriorly and ou vl
giving an expanding aspect to the frontal limb. They curve rather abruptly :
at _the frontal border and are intramarginal for a short distance.

Free cheeks rather wide, slightly convex, with genal angles exten
in strong short spines.

Thorax unknown. brosd. TH

Pygidium from semi-elliptical to subtrigonal in outline, short and parts poe | \ close examination of this lir
convex subcylindrical axial lobe is elevated, especially so in its DOStenO; riof sxiel guce. Tt is here called the Co
does not reach the posterior extremity. On the axial lobe, the three anq?he foarth oT v isb
annulations are very distinet, the first one more raised than the rest. y be & mining area of Bisbee, w
annulation is distinct. On some specimens, a faint fifth annulation 18} ™ : Mned, this formation embraces

tinguished between the fourth annulation and the elevated terminal sectio®-
axial furrows are well developed on the sides of the axial lobe, wher_eﬂsl Msecﬁo: »
there is a slope inclined about 45 degrees from the top of the termina! ool
the end of the posterior extremity, with the base of the terminal Sect"’“ d extes
separable from the posterior border. Only the first and the second ou ‘;’ze pkﬁi
sions of the anchylosed segments of the axial lobe are indicated OB " pk‘"l
lobes, by the narrow furrows of which the first is quite well marked., heral e
lobes and the posterior border are outlined by a narrow, flattened perip

. .
FL Ransome: Description of the Bis
Folio no. 112 (1904) p. 3.
also N, H. Darton: A résumé of
P. 47,

LY
.2 H, Darton: op. cit., p. 50.
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fieally the same ag o g Hesperaspis butleri, new species
s Hesperaspis stanton; Wy

icephalus fauna in the (Plate 1, figure 8)

is species differs from Hesperaspis ransomei in having a much-n d

: ) H dium, highest in th iddl - g arrower an

e the ated cranl , highes e middle, with a much-lo _

ne t mate'nal. from ¢ »ore od glabella always visible in front, a shorter and narrower fm,’ftgﬁrnﬁg vgi}gtfgt

1sonian Institution, R - djﬁerenmatlo% of ?hg fﬁ‘ontal border, narrow fixed cheeks bringing the palpebral

its stratigraphic positjeg Jobes closet to the glabella, a stronger-developed occipital furrow, and a wider

are distinguished in

:e Crepicephalus texay : ﬂyape'f.ﬂspis butleri is widely distributed in southeastern Arizona. It has been

re provisionally deseri} in practically every known outcrop of the Cambrian: i i
Y one Canyon between Bisbee and Tombstone; in thel%ﬁeattogés?\i%ugaiﬁe.

ital spine.
% Ba smaller form and never attains the size of larger specimens of Hesperaspis

n. sp., both being R \be Picacho de Calera Hills; and in the 8 i
i r ; ar anta Catal i i
; o the base of the Abrigo formation with Crepizepi};a?uén%exl\gzxs t?élﬁimgdl)s. found
cies . In the Whetstone Mountains, approximately 240 feet above the base of

b Abrigo wi’gh I_Iesperaspis butleri, occurs a gray limestone practically
flat, with a broad bast i : e up of trilobite fragments, and containing angular inclusions of red
e:}t’e fb{’lf; cletsitn;i Mandstone that have casts of large Hyolithes. Crepicephalus texanus is
nod but nearly always vig Flind here in association with a number of new species ieti
ter. The shallow and obidd p and varieties of
; glabella and almost k
arated from the 4
the postero-lateral i
which disappears
.. Nevertheless,

cated. There are 00 @ W Ari X '
nent, separated from {4 sern AT1Z0Na consists of localized facies, each very characteristic. In

_L%]rliorgr?;igm:g the: Bxsbee-T\.xcso.n sub-area, the Upper Cambrian younger than the
formation is represented by two different facies, the Copper Queen
outlie, dlopig o ne agdhthedRinc%n limestone.
e ied cheelt, Wil me* has described in the Bisbee area “one be
?(x’;;alfrlox?& vlv)t:ch % _ it e 6 feet i.n thickness about 40 feet from the tog”ocf)fh}?irsdi‘bimg
che_ek?, °‘§§“§“ Ll st:one withstands weathering much better than the rest of fhé
© mid-leng o by RUE0, which is made of “rather soft, sandy, thin-bedded li
he genal angles, asotily In Ransome’s Figure 4 i : rtie Paleonois
b gonal sogln 8 gure 4, representing the Mount Martin Paleozoic
: In the Escabrosa Ridge near Bisbee, this limestone is shown dis-

d anteriorly de g
8 the upper hill within the Abrigo limestone. A few specimens

outline, sloping ou

curve rather 8

ort distance.’ <Y

nal sngles € oblégs collected there by Ransome were referred by Walcott?* to
b ot Wéi;m?t atI}d Irvingella Ulrich and Resser.

utline, sho examination of this Ii . ) o

y 50 In its O s hore ollod 0 is limestone revea}ed its stratigraphic impor-
le(liolze, the o ing a feB e Copper Queen limestone, from the Copper
2 H ' mln]ll T H o, e i
.’ﬁftﬁla:nmﬂa,tl this formez‘o isbee, where it is a good key horizon. As here
levgtlecli g  lormation embraces much more than 6 feet of hard limestone
‘gxial 1ODE, - . .

top of the ters 0 . \ me: Description of the Bisbee quadrangle, Arizona, U. S. Geol. Surv., Geol. Atlas

2.00. 112 (1904
{ the te ; ) p. 3.
3 - K. Darton: .
and the second, N. H. Darton: 4 résumé of 4 o e
y are indicated TONEE f Arizona geology, Univ. Ariz., Bull. 119, Geol. Ser. no. 3
gite well m2
row, ﬂat-tened p

OR: op. eit., p. 50.
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EXPLANATION OF PLATE
Prate 1
DEVONIAN FISHES AND UPPER CAMBRIAN TRILOBITES

Ficures 1-5—Plates of primitive Arthrodira from Devonian beds of Mt. Eldea
near Flagstaff, Arizona. (1) Dorsomedian plate, conves, seen from the
outside. Superficial layers are partially denuded and inferior keel ls
slightly exposed. X2. (2)—Posterior ventrolateral plate. Cast. X3,
(3)—Anterior ventrolateral plate? Cast. Lateral lines are seen.
Natural size. (4)—Dorsomedian plate, concave, seen from the inside.
It shows the inferior keel. X%. (5)—Posterior ventrolateral plate,
Cast. Natural size.

F1cURe 6.-—H esperaspis ransomet sp. n. Holotype, cranidium.
Fi1oURe 7—Hesperaspis ransomet sp. n. Holotype, pygidium.

FicUre 8 —Hesperaspis butleri sp. n. Holotype, cranidium.

DEVONIAN FISHES AND UT
%fea 1.5, Plates of primitive Arthrodira (rfsm i
Figures 6, 7. Hesperaspis ransomet sp.
Figure 8. Hesperaspls butle
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PLATE

VUBRIAN TRILOBITES

>m Devonian beds of Mt. Eld
nedian plate, convex, seen from ¢
tially denuded and inferior keef )
ior ventrolateral plate. Cast. W%

Cast. Lateral lines are
ate, concave, seen from the insidi
(5)—Posterior ventrolateral pl

(%

cranidium.

pygidium.

~anidium.

. DEVONIAN FISHES AND UPPER CAMBRIAN TRILOBITES )
E P‘aies of primitive Arthrodira from Devonian beds of Mt. }E!den. near F}a_gstaﬁ ,Arizona,
PPigures 6, 7. Hesperaspis ransomei sp. B. holotype, (6) cranidium (7) pygidium.
A5 Figure 8. Hesperaspis butle{i sp. n., holotype, cranidium.

T

- e o 2%




