
Accepted Manuscript

The West Water Formation (Hualapai Plateau, Arizona, USA) as a
calcrete-paleosol sequence, and its implications for the Paleogene-
Neogene evolution of the southwestern Colorado Plateau

Carol A. Hill, Victor J. Polyak, David J. Nash, Yemane Asmerom,
Paula P. Provencio

PII: S0031-0182(16)30898-7
DOI: doi: 10.1016/j.palaeo.2017.05.003
Reference: PALAEO 8280

To appear in: Palaeogeography, Palaeoclimatology, Palaeoecology

Received date: 19 December 2016
Revised date: 13 April 2017
Accepted date: 1 May 2017

Please cite this article as: Carol A. Hill, Victor J. Polyak, David J. Nash, Yemane
Asmerom, Paula P. Provencio , The West Water Formation (Hualapai Plateau, Arizona,
USA) as a calcrete-paleosol sequence, and its implications for the Paleogene-Neogene
evolution of the southwestern Colorado Plateau, Palaeogeography, Palaeoclimatology,
Palaeoecology (2017), doi: 10.1016/j.palaeo.2017.05.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

http://dx.doi.org/10.1016/j.palaeo.2017.05.003
http://dx.doi.org/10.1016/j.palaeo.2017.05.003


AC
CEP

TE
D M

AN
USC

RIP
T

The west water formation (hualapai plateau, arizona, usa) as a calcrete-paleosol 

sequence, and its implications for the paleogene-neogene evolution of the 

southwestern colorado plateau  

 

Carol A. Hill a,*, Victor J. Polyak a, David J. Nash b,c, Yemane Asmerom a, Paula P. Provencio a 

 
a 

Earth and Planetary Sciences, University of New Mexico, 221 Yale Blvd., Albuquerque, NM, 87131, USA  
b 

School of Environment and Technology, University of Brighton, Lewes Road, Brighton BN2 4GJ, UK 
c 
School of Geography, Archaeology and Environmental Studies, University of the Witwatersrand, Private 

Bag 3, Wits 2050, South Africa  

* Corresponding author at: Earth and Planetary Sciences, University of New Mexico, 221 Yale Blvd., 

Albuquerque, NM, 87131, USA. Email address: carolannhill@aol.com (C.A. Hill). 

 

 

 

ABSTRACT. Analyses of stratigraphic sequences within the paleocanyons of the Hualapai Plateau, 

Arizona, are important because these deposits offer the only evidence for the Paleogene-

Neogene geological history of the Grand Canyon area. In this paper, we focus on the origins and 

paleoenvironmental significance of the West Water Formation, located within the Milkweed and 

West Water paleocanyons on the Hualapai Plateau. We propose that the supposed “limestone 

unit” of the West Water Formation at and near its type section is not a limestone; rather, it is a 

21 m-thick valley calcrete, overprinted by a ~1-2 m-thick pedogenic calcrete, and subsequently 

dolomitized in its upper-to-middle sections, with a superimposed 4 m-thick red paleosol. We 

also propose that this unit is not coeval in age or origin with the Long Point limestone (LPl) on 

the Coconino Plateau, and that the presence of a complex calcrete-dolocrete-paleosol alters 

previous interpretations associated with this unit. Evidence for a calcrete-paleosol origin, 

beyond the West Water Formation’s lack of fossils, includes:  its predominantly micritic calcite-

palygorskite composition; its textures characteristic of valley and pedogenic calcrete deposits 

(as exhibited by thin section, SEM, and TEM analyses); and its association with a relatively thick 

overlying red paleosol that also contains abundant palygorskite. Stable carbon and oxygen 

isotope values from carbonate cements are also within the range expected of a near-surface 

calcrete. Carbonate minerals within the calcrete-dolocrete were precipitated at or near the 

water table in a valley setting due to evaporation and/or CO2 degassing in a semi-arid to arid 

environment of deposition. High 87Sr/86Sr values within the calcrete were inherited from 

groundwater infiltrating through Music Mountain Formation arkosic sediments, which were 

derived from a Precambrian source terrane to the south and southwest. No absolute ages exist 
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