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INTRODUCTION

I document the sedimentological and pedological facies in order to reconstruct the architectural element
distribution of an alluvial fan in a tributary of Tonto Basin, Central Arizona. Tonto Basin is a Cenozoic extensional
basin that began subsiding in the Oligocene coincident with the uplift of the Mazatzal Range (Anderson et al.,
1987). The alluvial fan connects Barnhardt Canyon to Rye Creek, a tributary of Tonto Creek. Previous studies of
the Cenozoic formations in Tonto Basin focus en the region surrounding Tonto Creek, and do not encompass the
Rye Creek tributary area. Therefore, this study of the alluvial fan associated with Rye Creek and Barnhardt
Canyon fills a gap in our understanding of the Tonto Basin region.

METHODS

My methods consist of traversing the proximal, medial, and distal alluvial fan surfaces and drainages to collect
data in the form of stratigraphic celumns, drawings, notes, photographs and rock samples. Some of the data are
correlated to aerial photographs and topographic maps in order to determine the architectural element distribution
and fan morphology.

FACIES ANALYSIS AND ARCHITECTURAL ELEMENTS

A "facies" is a unit of rock distinguished in the field by a specific combination of lithological, physical,
biclogical structures that differentiate it from other rock units above, below, or adjacent to it (Walker, 1992). The
facies of the alluvial fan are designated with a letter code adapted from Miall (1985) and further organized into
architectural elements, morphological subdivisions of the depositional system. The main elements are channel bar
and fill, clast-supported massive, and stratified sheet elements which represent braided fluvial, mass flow, and
sheetflood surficial processes, respectively.

Channel bar and fill. The channel bar and fill element is represented by various gravel and sand facies that
represent bar formation, channel-floor dune migration, low-water accretion, and overbank deposition. Three bar
types are represented: longitudinal, tranverse to linguoid, and point or side bars (Rust, 1978). The abundance of
gravel and sand facies characteristic of a braided system throughout proximal, medial, and distal regions suggests
that braided streams were a prominent surficial process on the fan. Relying on studies of modern braided systems
(Miall, 1977), the presence of these elements indicates a fluvial system of high bed load, high flood peaks, and
strongly fluctuating discharges indicative of arid {o semi-arid climates.

Stratified sheet. The stratified sheet element is composed of laterally continuous sheets of subrounded gravel
and sand deposited during sheetflood events. Sheetfloods are associated with abundant sediment availability and a
flashy discharge regime. The stratified sheet element is identified in all regions of the fan,

Clast-supported massive Element, A clast-supported deposit of massive or crudely bedded, imbricated
gravel, composes the clast-supported massive clement. I interpret this element to be deposited by a
hyperconcentrated flood flow. There is only one clast-supported massive deposit in the fanglomerate and it is
recorded in the lowest stratigraphic position in the distal region.

Terrace gravels. Terrace gravels comprise a fourth element that resulted from erosional events occurring after
the fanglomerate was deposited. Therefore, they are not a component of fan architecture. However, the terrace
gravel element is useful in determining the age of the fanglomerate because it records activity in the region since
the time when constructional fan episodes ceased. Its extremely coarse nature contrasts with the fanglomerate
elements indicating a change in depositional processes. Barsch and Royse (1972) propose that terrace gravels and
surfaces formed in Tonto Basin during the shift to glacial climate starting in the late Pliocene to Pleistocene as
major erosion took place in the drainage areas and induced downcutting throughout the source area and the alluvial
fans. Further study of the asymmetrical terracing associated with the terrace gravels may have implications for the
neotectonics of the region.
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PEDOGENIC ELEMENT

Paleosols in this area range from clay-rich samples formed in a humid environment to well-developed calcretes
indicative of semi-arid conditions. Soils represent periods of non-deposition and weathering on the fan surface.
Three out of the four paleosol samples contain calcareous soil structures. Well-developed calcretes (stage IV) are
characterized by thick (> | cm) calcarecus laminae, carbonate coatings on clasts, a calcareously indurated matrix,
or some combination of these features (Figure 1). Paleosols with minimal carbonate accumulation (stage I) have
scarce carbonate structures or a slight carbonate matrix component. I formulate an age range for the calcic
paleosols based on their morphological characteristics and the climatic history of the region in accordance with
Machette’s quantitative index (1983).

Today, calcification is occurring in Tonto Basin. Likely sources of calcareous material include the dry lakes of
the Great Basin and high Ca** in rainfall throughout the southwest (Bull, 1991). The fan environment receives a
moderate amount of precipitation, 45 cm annually, and has an average temperature of 18°C. I can assess the age of
the pedogenic calcretes by comparing them to other regions of similar climate that have dated calcic horizons
{Machette, 1985). The region around Tonto Basin is similar in climate to Roswell-Carlsbad, New Mexico, which
develops calcic soils at a rapid rate. T expect that the alluvial fan does not calcify at such 2 high rate because the
Roswell-Carlsbad area contains limestone parent materials that would accelerate the calcification process. 1
estimate that stage 1V paleosols took 200,000 to 500,000 years to form and stage I paleosols took less than 7,000
vears to form. These estimates are useful in dating the fan deposits.

ARCHITECTURAL ELEMENT DISTRIBUTION

Qverall, gravel- and sand-dominant braided and sheetflood elements alternate vertically and laterally throughout
the fanglomerate until eventually, sheetflood and sand-dominant braided elements dominate in the extremely distal
part of the fan. The hyperconcentrated flood flow (located at the base of the stratigraphic section in the distal
region) is an exception to this trend. There is a non-conformable vertical change from hyperconcentrated flood
flow elements to channel-fill and bar elements accompanied by an upward reduction in grain size (Figure 2).
Within the channel-fill and bar element, there is an upward transition from facies Gt and Gp to Gm representing a
drop in stream competence in the distal region over time. Higher up in the stratigraphic section, the change from
braided stream deposits to sheetflood deposits is another vertical change in elements accompanied by a decrease in
grain size.

To explain the vertical change accompanied by a fining upwards sequence from mass flow and pedogenic
elements to braided stream and sheetflood elements, I propose the abnormal fanhead incision mede! (Figure 3). The
abnormal fanhead incision model calls upon the processes of channel entrenchment and fan segmentation to deliver
a hyperconcentrated flood flow to the distal region (Hooke, 1966; Bull, 1964). The processes incise the older fan
segments to such an extent that overbank deposition is impossible therefore facilitating the development of a stage
IV pedogenic calcrete. Eventually, backfilling raises the streambed to the original level of the fan and braided
stream and sheetflood deposits cover the calcrete. The process of abnormal fanhead incision is a response to an
extrinsic disruption of the fan-source system. An extrinsic disruption related to tectonics or climate is most likely
responsible for the abnormal incision and segmentation.

ALLUVIAL FAN DATING

I estimate a minimum age for the fan deposits by adding the time necessary for the formation of the sediments
and paleosols comprising the vertical transition in architectural elements (Figure 2). The base of the stratigraphic
section contains a hyperconcentrated flood flow element and a stage IV pedogenic calcrete that tock 200,000 to
500,000 years to form. The stage IV calcrete is buried by 20 meters of braided fiuvial and sheetflood elements that
contain a stage 1 pedogenic element thereby adding a minimum of 7,000 years to the section. Terrace gravels that
are dated to 1.6 Ma by Barsch and Royse (1972) cap these elements. T sum these lengths of time to conclude the
stage IV pedogenic calcrete and hyperconcentrated flood-flow are 1.8-2.0 million years old.

Coincidental with the 2 Ma date of the hyperconcentrated flood flow deposit and the associated stage IV
paleosol is evidence for the tilting of Tonto Basin reflected in streamflow indicators. Nations and Brumbaugh
{1992) surveyed imbricated basin-fill gravels in Tonto and Payson Basins. They concluded that major channels in
the region changed from a north-south flow direction to south-north reflecting a change in base level and tilting
approximately 2 Ma. This tilting may have been the extrinsic disruption responsible for abnormal incision and
segmentation, Therefore, the architecture of the fan is possibly a result of the tilting of Tonto Basin and the
surrounding region at 2 Ma.
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Figure 1. Thin section of stage IV pedogenic calcrete showing carbonate pellets and cloited texture common to
calcic soils. Length of photo equals 2.8 mm.
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