Penn-Perm Stratigraphy and Karst of the Mogollon Rim and Slope, Arizona
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284 Fed Summany. 510548 TDH.JSM 00, ﬂ.,, LS with interbecded Mttt 17D 41&3:.0.'.’..? e indicsten anly TD: 3610 ft Fassil Cresk Canyon Sumssa S — Sancﬂez OBrien 1-4 Fg 1"'“ - I| B -
i FIGURE 10 B: MAIN WEST — EAST CORRELATION SECTION WITHOUT WELL DATAAT A SCALE OF 20:1 o : \ A .
'EI?F e, 3 N\, C - Verde_Detail
& |[ I ::_I_I'}. = R A T e e | .
FIGURE 10 C: WEST- EAST ACCESSORY SECTION CONNECTING THE END OF FIGURE 10ATO THE WELLS IN THE VERDE VALLEY WEST S e B D - Chino-Verde-Type Well
The top of the Redwall is the datum for the sections in Figures 10C, 10D, & !0E. The wells in Section 10C show the distinctive well log character of the clastic — carbonate cycle's at the base of Sequence 1 ar '1:3 I E - Verde-Fossil Creek
FIGURE 10 D: WEST- EAST ACCESSORY SECTION FROM THE TYPE WELL TO SECOND WELL AT THE END OF FIGURE 10A —— F - West - East East End
This accessory section illustrates that the basal units of Sequence 1 can be correlated to wells and outcrops of the Chino Valley / Black Mesa area. The cross section indicates that Hughes (1952) interpretation the rocks north of Chino Valley as } CI=100 ft. 10 20 30 N N
Pennsylvanian (Desmoinian / Virgil) age was correct. The section also suggests pre-Pennsylvanian displacement on the Oak Creek Fault supporting the Holm and Cloud (1990) interpretation that the Oak Creek Fault should be included in a “system of faults on southern Colorado Plateau that 20TN i Penn-Perm Outcrop A
have deformed Phanerozoic strata by reactivation of ancestral fractures in the Precambrian basement (Holm & Cloud, 1990, Page 1014). They base this interpretation on measured sections on opposite sides of the Oak Creek Fault in which the thickness of the section between the Fort - - . i » -

Apache and the Coconino Sandstone are different.

FIGURE 10 E : WEST — EAST ACCESSORY SECTION FROM FOSSIL CREEK CANYON OUTCROP TO THE NORTH END OF VERDE VALLEY

At the Fossil Creek Canyon location, the measured sections of Gerrard, (left side) Huddle & Dobrovolny (right side) are shown (Gerrard, 1966; Huddle & Dobrovolny, 1945). The location of the coal beds of McGoon (1962) are shown relative to Gerrard’s section.

FIGURE 11: INDEX MAP FOR THE WEST — EAST CORRELATION SECTION AND
ACCESSORY SUBSECTIONS WITH SEQUENCE 1 ISOPACHOUS CONTOURS


https://www.riverspace.com.au/item/bottle-bend-lagoon-restoration/
https://www.qld.gov.au/environment/land/management/soil/acid-sulfate/explained

Penn-Perm Strati
W. Norman Kent, 2021
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FIGURE 12: PENNSYLVANIAN - PERMIAN PALEOGEOGRAPHY

Regional correlations indicate that marine water covered most of eastern Arizona during the Pennsylvanian.
The data is less definitive for the Permian sea. The northern limit of the Fort Apache Member may indicate the

maximum transgression to the north by shallow sea water.
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FIGURE 16: DETAIL OF FIGURE 15:

The sinkholes surrounding the residual salt body are indicated by purple dots indicated by arrows and the
larger dolines are indicated by the larger black circles.

The photographs of Figure 17 illustrate the area enclosed by the blue box.

The seismic line (purple & black line) shown in Figure 18 crosses the Main Southwest — Northeast Cross
Section (dark blue line with yellow center) near the north edge of the salt body.

The Accessory Southwest — Northeast Cross section in Figure 23 is shown by the light blue line with red center.
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FIGURE 13: REFERENCE TYPE SECTION FOR SEQUENCE 2

The Reference Section connects the Type Section to the Salt Cycles developed by the Arkla Exploration Company in their wells and used in
publications by The Arizona Geological Survey (Rauzi, 2000). These correlation markers were supplemented by the author to identify units below
the Arkla zones. Figure 14 A & B provide an alternate way that the salt cycles may be defined with perhaps more genetic significance.

_n?'
LT -

ayne
‘ Collapse of Shallow Sl 1=
i =
i |~’- '-'*uw' “-"'-{ W Lorizons due to Sait

From Neal, Johnson and Lindberg, 2013

FIGURE 17: PHOTOS OF KARST

The images show only a fraction of the surface features.
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FIGURE 18: SEISMIC LINE 4

The seismic line acquires by American West Potash shows the collapse of
shallow beds into the space created by salt removal. Note that strata below
the base of salt are unaffected by the karst induced faulting.

graphy and Karst of the Mogollon Rim and Slope, Arizona
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FIGURE 14A: PARADOX BASIN SALT CYCLE COMPARISON

Correlation of clastic cycle sequence from Coors Energy 1-10LC, Paradox Basin, Utah (B. D. Trudgill and W. C. Arbuckle, 2009) with
Rocking Chair Ranch #1, near the center of the study area (see Figure 1 for well locations). The Fort Apache interval in the Rocking

Chair Ranch #1 on the right shows a similar vertical lithologic sequence to the Paradox Basin well.

FIGURE 14B: PARADOX BASIN VERTICAL SALT SEQUENCE

(Figure 17 from B. D. Trudgill and W. C. Arbuckle, 2009, OFR 543, Utah Geological Survey)

FIGURE 14C: UNION OIL 1 NMAL CORE SAMPLES

Core samples from cycle 2 (Fort Apache) showing organic-rich silty sandstone and dolomitic sandstone with disseminated pyrite.
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FIGURE 19: WEST END OF W-E SECTION WITH MEASURED

SECTION BY BLAKEY, 1990.

All of the salt cycle correlation markers are present in the area of the Oak Creek Canyon near Sedona, as well as

the Fort Apache and other intra-halite units. This suggests that the Rim outcrops are part of a regional founder
breccia created by salt removal and that the dramatic scenery is typical karst topography. The cross section

illustrates the difficulty of lithostratigraphy in diagenetically altered rocks. The stratigraphic interpretation is further

complicated by the faulting that was active when these rocks were deposited. These conclusions are

demonstrated by Blakey’s section which includes the correlations of four previous interpretations. See Figures 15
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FIGURE 20: MOGOLLON RIM NEAR SEDONA

Outcrops shows karst topography and color cyclicity of the strata above and below the
Fort Apache Marker bed. The color cyclicity continues through most of the Coconino
Sandstone.

Note that most of the fore-ground is below the base of salt cycle 1.

Photograph from
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiO9NmMMxc7kAhV8JIDQIHffmAXcQjRx6BAgBEAU&url=http%
3A%2F%2Fwww.arizonaruins.com%2Fsedona%?2Fsedona_geology.html&psig=AOvVawlua9vMDNpG_1B29t nixMn&ust=1568489
562957552

FIGURE 15: ISOPACH MAP OF SEQUENCE 2 ILLUSTRATING LOCATION OF THE
SOUTHWEST-NORTHEAST AND ACCESSORY CROSS SECTIONS

The arrows indicate the locations of the Shylock, Oak Creek, Canyon Creek, and Saint Johns Faults, from west to east. These faults all show
displacement that occurred in Early Permian time (Finnell, T. L. (1962), Holm, R. F., & Cloud, R. A. (1990), and this study).
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FIGURE 21: DIAGRAMMATIC SKETCH OF THE MOGOLLON RIM

The area shaded in color corresponds to the equivalent area in the map of Figure 1. The volcanic rocks and Rim
Gravels are shaded with textures (Redrawn from H.W. Peirce, Damon, & Shafiqullah, 1979). The sketch
illustrates the founder breccia developed above the base of salt. The Rim Gravels and volcanic units show that
salt solution occurred prior to and contemporaneously with the Rim formation.
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FIGURE 22A: SOUTHWEST — NORTHEAST STRUCTURAL CROSS SECTION FROM THE MOGOLLON RIM TO THE DEFIANCE UPLIFT

The section shows the Cambrian through Pennsylvanian strata truncated at the north edge of the Mogollon Slope at the Zuni —

line in Figure 18 also occurs above the area of the lost section at the northeast end of this figure.

Defiance Uplift.

Defiance Uplift

FIGURE 22B SOUTHWEST — NORTHEAST STRATIGRAPHIC CROSS SECTION — FORT APACHE MEMBER DATUM

The section shows the Cambrian, Devonian, and Mississippian units and Sequence 1 on-lapping the Zuni —
However in Sequence 2, the intra-salt units like the Fort Apache Member thicken southward, but the total thickness of Sequence 2 thins toward the south. The evidence provided above indicates that the
southward thinning is the result of salt solution and removal of material from the section. Extending the red dashed lines from the tops and bottoms of the total section in the wells within the salt body toward
the northeast and southwest provides an estimate of the post-deposition, post-compaction thickness of Sequence 2. The Coconino Formation is excluded from this exercise because its thickness is affected
by surface erosion. The difference between the current tops and bottoms of Sequence 2 in wells outside of the salt body to the red dashed lines indicates the amount of thickness of the dissolved salt or
“Lost Section” (orange shaded area). Note that the orange shaded areas correlate to the map areas with the highest density of sinkholes / dolines and to the south flank of the Holbrook Anticline. The seismic
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FIGURE 24: DISTRIBUTION OF TOTAL
DISSOLVED SOLIDS, THICKNESS

FIGURE 23: ACCESSORY SW — NE STRATIGRAPHIC CROSS SECTION —

MEMBER)

a more modern well log suite than the Main Southwest —

SEQUENCE 2 ONLY — TOP CYCLE 1 DATUM (INCLUDES FT. APACHE

A Southwest - Northeast Section to better illustrate the continuity of markers despite the loss of the salt beds. This section relies on
Northeast Section in Figures 22A/22B and illustrates the continuity of the
intra-salt units and the loss of evaporite units. The Neutron — Density crossover (red shaded intervals between the green and blue
curves on the right of the depth tract) indicates the presence of halite. The unshaded parts of the caliper curve on the left of the
depth track is an indication of washed-out or oversized bore hole. These wells were drilled with native (fresh) water which resulted in
solution of the salt intervals as shown by the large hole volume or salt wash-out. Integration of all of the geophysical logs indicate

that although the inter-halite units thicken southward, the total thickness decreases due to loss of the halite and other evaporite
content within the strata.

OF HALITE, AND DIRECTION OF
GROUND WATER MOVEMENT DOWN
THE MOGOLLON SLOPE

The contoured salt body in this figure is the pink shaded area of
Figure 15, above. The locations of the cross sections in figures 13,
22 and 23 are indicated by the corresponding colored lines. The map
is taken from McGavock, 2014, AHS / AIPG Symposium.

conglomerates originated in previous cycles);

* Ground water flow removed large volumes of stratigraphicinterval— up to half
of Sequence 2;

» |dentifying founder breccias in outcrop is difficult.

ACKNOWLEDGEMENT

The Authoris indebtedto Mr. John Noll for his contributionsto this work both in
insightful discussions and critical review.

The Authorthanks the Geological Survey of the State of Arizona for access to the
State Sample Repository.



References Cited

American.West.Potash. (2011). Preliminary Economic Assessment American West Potasy - Holbrook Basin Project.
Retrieved from
https://www.sec.gov/Archives/edgar/data/1477032/000095012311103797/c26091exv99w1.htm

Blakey, R. C. (1990). Stratigraphy and geologic history of Pennsylvanian and Permian rocks, Mogollon Rim region,
central Arizona and vicinity. Geological Society of America Bulletin, 102, 1189-1217.

Finnell, T. L. (1962). Recurrent Movement on the Canyon Creek Fault, Navajo County, Arizona. Washington D. C.:
United States Government Printing Office

Gerrard, T. A. (1966). Environmental Studies of the Fort Apache Member, Supai Formation, East-Central Arizona.
AAPG Bull, 50(11), 2434-2463.

Holm, R. F., & Cloud, R. A. (1990). Regional significance of recurrent faulting and intracanyon volcanism at Oak
Creek Canyon, southern Colorado Plateau, Arizona. Geology, 18(10), 1014-1017. doi:10.1130/0091-
7613(1990)018<1014:Rsorfa>2.3.Co;2

Huddle, J. W., & Dobrovolny, E. (1945). Late Paleozoic Stratigraphy of central and Northeastern Arizona.

Hughes, P. W. (1952). Stratigraphy Of Supai Formation, Chino Valley Area, Yavapai County, Arizona. AAPG Bull,
36(4), 635-657.

Kent, W. N., & Rawson, R. R. (1980). Depositional Environments of the Mississippian Redwall Limestone in
Northeastern Arizona. Paper presented at the Paleozoic Paleogeography of the West-Central United
States, Rockymountain Paleogeography Symposium 1.

McGavock, E. (2014). The Padre Canyon Evaporites, Coconino County, Arizona. Paper presented at the AHS / AIPG
Synposium, Prescott, Arizona.

McGoon, D. 0. J. (1962). Occurrences of Paleozoic Carbonaceous Deposits in the Mogollon Rim Region. Paper
presented at the New Mexico Geological Society 13th Annual Fall Field Conference Mogollon Rim.

Miall, A. D. (2019). Chapter 8 - The Southern Midcontinent, Permian Basin and Ouachitas. In A. D. Miall (Ed.), The
Sedimentary Basins of the United States and Canada (Second Edition) (pp. 369-399): Elsevier.

Neal, J. T., Johnson, K. S., & Lindberg, P. (2013). Variations in Evaporite Karst in the Holbrook Basin, Arizona. Paper
presented at the The 13th Multidisciplinary Conference on Sinkholes and the Engineering &
Environmental Impacts of Karst, Carlsbad, New Mexico, USA.

Peirce, H. W., Damon, P. E., & Shafiqullah, M. (1979). An oligocene (?) colorado plateau edge in arizona,.
Tectonophysics, 61(1-3), 1-24. Retrieved from https://doi.org/10.1016/0040-1951(79)90289-0.

Quensland.Government. (2019, December 11, 2019). Acid sulfate soils explained. Retrieved from
https://www.ald.gov.au/environment/land/management/soil/acid-sulfate/explained

Rauzi, S. L. (2000). Permian Salt in the Holbrook Basin, Arizona. Arizona Geological Survey

Riverspace. (2020). Bottle Bend Lagoon Restoration. Retrieved from https://www.riverspace.com.au/item/bottle-
bend-lagoon-restoration/

Ross, C. A. (1973). Pennsylvanian and Early Permian depositional history, southeastern Arizona. Am. Assoc.
Petroleum Geologists Bull., 57, 887-912.

Tearpock, D. J., & Bischke, R. E. (2003). Applied Sbsurface Gological Mpping with Structural Methods (Second ed.):
Prentice Hall PTR.

Turdgill, B. D., & Arbuckle, W. C. (2009). Reservoir Characterization Of Clastic Cycle Sequences In The Paradox
Formation Of The Hermosa Group, Paradox Basin, Utah (OFR-543). Utah Department of Natural Resources

Unknown. (2007). Coconino and Schnebly Hill layers, with Ft. Apache Limestone running through the middle of
Schnebly Hill. Retrieved from
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiO9INmMxc7kAhV8JDQIHffmAxcQj
Rx6BAgBEAU&url=http%3A%2F%2Fwww.arizonaruins.com%2Fsedona%2Fsedona geology.htmI&psig=A0
vVawlua9vMDNpG 1B29t nixMn&ust=1568489562957552



https://www.sec.gov/Archives/edgar/data/1477032/000095012311103797/c26091exv99w1.htm
https://doi.org/10.1016/0040-1951(79)90289-0
https://www.qld.gov.au/environment/land/management/soil/acid-sulfate/explained
https://www.riverspace.com.au/item/bottle-bend-lagoon-restoration/
https://www.riverspace.com.au/item/bottle-bend-lagoon-restoration/
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiO9NmMxc7kAhV8JDQIHffmAxcQjRx6BAgBEAU&url=http%3A%2F%2Fwww.arizonaruins.com%2Fsedona%2Fsedona_geology.html&psig=AOvVaw1ua9vMDNpG_1B29t_nixMn&ust=1568489562957552
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiO9NmMxc7kAhV8JDQIHffmAxcQjRx6BAgBEAU&url=http%3A%2F%2Fwww.arizonaruins.com%2Fsedona%2Fsedona_geology.html&psig=AOvVaw1ua9vMDNpG_1B29t_nixMn&ust=1568489562957552
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiO9NmMxc7kAhV8JDQIHffmAxcQjRx6BAgBEAU&url=http%3A%2F%2Fwww.arizonaruins.com%2Fsedona%2Fsedona_geology.html&psig=AOvVaw1ua9vMDNpG_1B29t_nixMn&ust=1568489562957552

	Mogolon Rim Stratigraphy-Final 10-23.pdf
	Slide Number 1
	Slide Number 2

	References Cited

