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Introduction 

Most of southern and western Arizona is covered with basin sediments composed 
largely of unconsolidated sands and gravels. These deposits are becoming increasingly 
important to geologists as they are the reservoir for vast amounts of groundwater, the 
source of important industrial materials, and the physical matrix that supports roads and 
buildings for most of Arizona's inhabitants. For a long time, these deposits in Arizona 
were not given the attention by geologists that bedrock areas received. This has changed 
in recent years, however, due to an expanding population base that requires more 
information regarding its geological resources and the spatial distribution of geologic 
hazards like flooding that are common to basin environments. 

Recently, the Arizona Geological Survey has been conducting a systematic 
mapping program of surficial geology in central and southern Arizona. This report 
presents the results of surficial geologic mapping of two 7.5-minute quadrangles (Baldy 
Mountain and Calderwood Butte) located along the northern margins of the metropolitan 
Phoenix area (Figure 1). The area includes the lower Agua Fria River and associated 
landforms located near Lake Pleasant. The southern part of this area has experienced 
tremendous urban growth in the last 20 years, and in all likelihood, this growth will 
continue into the foreseeable future. Thus it is important that the surficial geology be 
mapped now before important surface information becomes obscured by human features. 
This area is contiguous to areas to the west previously mapped by Field and Pearthree 
(1991) and Huckleberry (1994). The mapping was funded by and performed in 
cooperation with the U.S. Geological Survey STATEMAP program. 

Methods 

This project was divided into four phases. The first phase involved stereo analysis 
of color aerial photography (1 :24,000 scale) for the purposes of distinguishing bedrock 
and surficial deposits and individual landforms. Distinguishing criteria for temporally 
discrete landforms include topographic position, degree of stream dissection, and surface 
phenomenon such as varnished desert pavements and carbonate rubble (see Christensen 
and Purcell, 1985; Bull, 1991). Soils information from Soil Conservation Service surveys 
(Hartman, 1977; Camp, 1986) were consulted and especially utilized in areas covered by 
agricultural or urban features. Surficial deposits were mapped onto a mylar overlay placed 
on 1:24, OOO-scale orthophotoquads. The second phase involved field reconnaissance for 
purposes of confirming map unit boundaries and making local surface correlations. 
Fieldwork was performed during the winter and spring of 1994-95. The third phase 
involved the excavation of backhoe trenches for purposes of exposing soils on the Agua 
Fria River terraces. Soils were described following the guidelines of the Soil Survey 
Manual (Soil Survey Staff, 1951) and classified following the 7th Approximation System 
which has been recently revised for desert soils (Soil Survey Staff, 1994; Appendix A). 
Stages of calcium carbonate development are described following the system ofMachette 
(1985). Alluvial fan soils described in the Wittmann and Heiroglyphic Mountains SW 
quadrangles (Huckleberry, 1994) are used to represent correlative surfaces in the Baldy 
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Figure 1. Location of study area in the northwestern Phoenix Basin. 
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Mountain and Calderwood Butte quadrangles. Surface ages are estimated based on long 
distance correlations to surfaces in the lower Colorado River Valley that have radiometric 
age control (Bull, 1991). Finally, the fourth phase involved the digitizing of the maps 
using a vector based GIS program called GSMAP, System 8 (Selner and Taylor, 1992). 

Previous Studies 

There have been a few investigations of the Quaternary geology of the lower Agua 
Fria River area. Troy Pewe (1976, 1978) described terraces along the lower Agua Fria 
noting their height above the river, their degree of calcium carbonate cementation, and 
their converging longitudinal profiles (see Agua Fria Terraces below). Roger Morrison 
(1985) also provided brief descriptions of these terraces and correlated them to similar 
terrace sequences on the Salt and Verde Rivers. The construction of the new Waddell 
Dam between 1986 and 1992 resulted in geological investigations of Quaternary deposits 
and soils in the northern part of the project area (Anderson et aI., 1986; Katzer, 1989). 
Geoarchaeological investigations by Katzer focused on the distribution of archaeological 
sites in relation to the terraces. He mapped one Holocene and five Pleistocene stream 
terraces below Waddell Dam. He also noted that the lower two Pleistocene terraces 
contain swales filled with Holocene-aged slopewash contain archaeological materials. 
Also around this time, the lower Agua Fria River area was mapped as part of the surficial 
geologic map of the Phoenix North 30' x 60' sheet (Demsey, 1988). Several late Tertiary 
and Quaternary deposits were distinguished in the project area, but given the limited 
resolution of this mapping, only three Pleistocene terraces were identified along the Agua 
Fria River. The present geologic study is the first detailed mapping of basin deposits and 
associated landforms in the lower Agua Fria River area. 

Physical Setting 

The project area occurs on the northern edge of the Phoenix Basin near the 
transition between the Basin and Range and Central Highlands physiographic zones 
(Menges and Pearthree, 1989). The latter zone is also known as the Mexican Highlands 
section of the Basin and Range Physiographic Province (Morrison, 1985). The Agua Fria 
River, a tributary to the Gila River, heads in the Central Highlands and has a drainage 
basin area above Waddell Dam of3737 km2

. The northern part ofthe project area 
includes the southern end of the Hieroglyphic Mountains, which consist of normal-faulted 
blocks of Proterozoic granites and schists unconformably overlain by Tertiary volcanic and 
volcaniclastic units (Wahl et aI., 1988). Most of the present landscape is a product of 
geological processes of erosion and deposition since the end of the last tectonic event, the 
Basin and Range disturbance of8-15 Mal (Shafiqullah et aI., 1980). During the lates 
Miocene and Pliocene (8-2 Ma), this has been an area of overall tectonic quiescence 
characterized by the filling of basins with debris shed from adjacent mountains. Geologic 
deposits of this period are represented by crudely bedded sandstones and plastered along 
the margins of Hieroglyphic Mountains. This was also the time when pediments were 

lIMy = 1,000,000 years; 1 Ma = 1 My ago. 1 ky = 1,000 years; 1 ka = 1 ky ago (North American 
Commission on Stratigraphic Nomenclature 1983). 
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developed on granitoid rocks. Basins filled and streams became integrated into the Gila 
River system. During the last 2 My, alluvial fans and stream terraces that are visible at the 
surface today were deposited. Because this area was not tectonically active during this 
period, it is believed that most of the different levels of alluvial fans and stream terraces 
have formed as a result of climatic fluctuations during the Quaternary (Morrison, 1985). 

Although this region has experienced fluctuations in climate in association with 
glacial-interglacial cyles, it has always been semiarid to arid with xerophytic arboreal and 
shrub plant communities. Today the vegetation is upper Sonoran thorn scrub woodland 
dominated by palo verde (Cercidium) and ironwood (Olneya) with creosote fJ-arrea), 
bursage (Franseria) and assorted cacti. Annual rainfall is approximately 20 cm falling in 
two distinct periods in the winter and summer. 

Mapping Units 

Three primary mapping units are used: Y (young), M (middle or intermediate), and 
o (Old). A lower case "a" used in conjunction with the three primary symbols denotes an 
alluvial fan surface. The subscript "p" indicates a pediment and is used where areas of 
relatively low relief contain alluvium-mantled bedrock that is exposed in streamcuts. 
Where landforms have disturbed surfaces or surficial characteristics transitional between 
the three primary units, both primary units are presented, e.g., MalYa. Tsm represents 
late Tertiary basin deposits. A lone, lower case "b ll denotes bedrock, and steep bedrock 
slopes with a colluvial cover of blocky talus are mapped as ct. Where map unit 
boundaries are indistinct, a dashed line is used; a dotted line demarcates disturbed areas 
(e.g., agricultural fields). 

Stream Terraces 

Y2 

Y2 represents the modern stream channel of the Agua Fria River (Figure 2; Table 
1). It consists mainly of moderately sorted and bedded sand, gravel, and cobble channel 
deposits. Historically, the Agua Fria River was characterized as an intermittent stream, 
but it did represent a reliable water source during part ofthe year (Brown et ai., 1981; 
Katzer, 1989). Lowered water tables due to groundwater pumping and the construction of 
Waddell Dam have diminished streamflow in the lower reaches of the Agua Fria River. 
This transformed hydrologic regime combined with various human surface disturbances 
have altered the topography and ecology of the flood plain during this century. Although 
a shadow of its former self, the Agua F ria River is still an important element of the 
landscape, and it represents a major recharge zone for aquifers in the western Phoenix 
Basin as well as a source of industrial minerals. 
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Figure 2. Schematic cross-section of Agua Fria River terraces below Waddell Dam. 



Table 1. Physical Characteristics and Estimated Ages of Surficial Geologic Units. 

Surface Elevation Stream Drainage Pavement Soil Profile Estimated Age Correlated Correlated 
above Y2 Dissection Pattern and Varnish (Appendix A) Surface Surface (Field 

(m) (m) Development (Bull, 1991) and Pearthree, 
1991) 

Y2 none < 0.5ka Q4b 
Yl 1-2 dendritic none AF3a < IOka Q4a, Q3 

M2d 2-3 dendritic weak to moderate AF2 10-200 ka Q2c, Q2b 
M2c 6-12 dendritic moderate AF3b 10-200 ka Q2c, Q2b 
M2b 14-18 dendritic moderate to strong AFI 10-200 ka Q2c, Q2b 
M2a 20-35 dendritic weak AF4 200-500 ka Q2a 
Ml 55-75 dendritic weak AF5 0.5-1.0 Ma Ql 
0 12-115 dendritic weak TT13 1-2 Ma Ql 

Ya2 none < 0.5 ka Q4b Y2 
Yal <2 distributary none to weak WTl, WT3, WT7 < IOka Q4a, Q3 Y2, Yl 

and dendritic 
Ma2 1-5 dendritic weak to moderate WT5 10-200 ka Q2c, Q2b M2, Mlb 
Mal 2-10+ dendritic weak to strong WT4, WT8 200-500 ka Q2a MIa 
Oa >6 dendritic weak to strong WT6, WT9 0.5-2.0 Ma Ql MIa, 0 



Yl 

Holocene alluvium located outside the modern Agua Fria channel is mapped as Y1 
(Figure 2; Table 1). This includes a set of paired terraces in the southern half of the 
Calderwood Butte quadrangle and an area of channels cut into a higher Pleistocene terrace 
located in the central part of the Baldy Mountain quadrangle. Prior to construction of 
Waddell Dam, this surface was prone to inundation by large floods. Y1 alluvium consists 
of both moderately sorted and bedded gravelly and cobbly channel deposits and sandy 
overbank deposits. These deposits are highly permeable and are well suited for aquifer 
recharge. Soils developed into Y1 deposits contain cambic and incipient argillic and calcic 
horizons (Table 2; Appendix A) and classify as Haplocambids and Torrifluvents (Soil 
Survey Staff, 1994). The Y1 terrace is less than 10 ka old. 

M2d 

The M2d surface is the lowest and youngest Pleistocene stream terrace along the 
Agua Fria River (Figure 2; Table 1). It is restricted to a small area on the west bank of the 
Agua Fria River in the southern end of the Baldy Mountain quadrangle and northern end 
of the Calderwood Butte quadrangle. It consists mostly of gravelly and cobbly channel 
deposits. Soils are moderately well developed with argillic horizons and 5YR colors 
(Table 2; Appendix A). A predominant soil on the M2d terrace has been mapped as a 
Vertic Haplargid (Camp, 1986) indicating that the upper solum is dominated by shrink
swell clays. High clay-content in the B horizon inhibits infiltration on these surfaces. M2d 
deposits are late Pleistocene in age and probably date 10-200 ka. 

M2c 

The M2c surface is a Pleistocene terrace found on the eastern and western sides of 
the Agua Fria River (Figure 2; Table 1). In addition to being several meters higher above 
the modern channel, the M2c terrace is significantly more dissected by tributary streams 
than the M2d terrace. It is also dissected by former flood channels of the Agua Fria River. 
The northernmost remnant ofM2c contains several channels and swales that are filled with 
slopewash (Katzer, 1989) and Agua Fria River alluvium (Y1). Moderately developed, 
varnished, desert pavements are common, and soils have weakly to moderately developed 
argillic horizons and Stage II calcium carbonate development (Table 2; Appendix A). This 
surface is also age estimated at 10-200 ka but is older than the M2d terrace. 

M2b 

The M2b surface is a Pleistocene terrace preserved only on the eastern side of the 
Agua Fria River in the Baldy Mountain quadrangle (Figure 2). Like M2c, this surface is 
dissected by tributary streams but still has well developed desert pavements (Table 1). It 
consists of mostly gravel and cobble channel deposits with a moderately developed argillic 
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Table 2. Soil Development Associated with Geologic Surfaces. 

Stream Terraces 
VI M2d M2c M2b M2a MI 0 

Soil Haplocambids Haplargids Haplargids Haplargids Petrargids Petrargids Petrargids 
Classification! Camborthids Ca1ciargids Calciargids Ca1ciargids Petrocalcids Petroca1cids Paleargids 

Torriflu vents Haploca1cids Durargids Durargids Petrocalcid 
Calciorthids Paleargids Paleorthids Durargid 

Paleorthid 
Durorthid 

Hue 7.5YR 5YR 5YR 5YR 5YR 5YR 7.5YR 

CaCO, Stage I II II IV V V+ 

Profile 
Development Index .19 .41 .28 .36 .49 .57 .50 

Alluvial Fans 
Val Ma2 Mal Oa 

Soil Haplocambids Ca1ciargids Petroargids Petroargids 
Classification! Camborthids Haplocalcids Paleargids Petrocalcids 

Torrifluvents Haplargids Petrocalcids Paleargids 
Calciorthids Paleorthids Durargids 

Durorthids 

Hue 7.5YR 5YR 5YR 5YR 

CaCO, Stage 1+ ill IV V 

'Classification based on Soil Survey Staff (1994); former system (Soil Survey Staff 1975) in italics. 



soil (Table 2; Appendix A). Soils classify as Haplargids and Calciargids (Soil Survey 
Staff, 1994). This surface is also age estimated at 100-200 ky old but is older than M2c. 

M2a 

The M2a surface is also only preserved on the eastern side of the Agua Fria 
(Figure 2) and is significantly dissected by tributary streams. It does not contain well 
developed desert pavements because of a paucity of gravel in the upper solum. The soils 
are strongly developed and characterized by a thick argillic horizon overlying an indurated 
petrocalcic-petroduric horizon with Stage IV development (Table 2; Appendix A). 
Pebbles and cobbles characteristic of Agua Fria River alluvium are present within this 
horizon, but the calcium carbonate and silica cements limit subsurface water movement in 
the upper solum. This degree of soil development significantly departs from those of the 
lower terraces suggesting significantly greater antiquity. This surface is age estimated at 
200-500 ky old. 

Ml 

The Ml surface is an early Pleistocene terrace that is preserved on the eastern side 
of the Agua Fria River in the northern part of the Baldy Mountain quadrangle (Figure 2). 
Unlike the other Pleistocene terraces, a good stratigraphic exposure of this landform is 
provided by State Route 74. This terrace is composed of approximately 4 m of Agua Fria 
channel deposits overlying Tertiary basin fill sediments (Table 1; Appendix A). Soil 
development is similar to that on the M2a terrace; a nongravelly argillic horizon overlies 
and gravelly calcic and silicic, indurated horizon with Stage V development (Table 2). 
These are highly impermeable surfaces with low infiltration rates. The Ml surface is age 
estimated at 0.5-1.0 Myoid. 

o 

The 0 terrace is the highest and oldest Agua Fria River terrace (Figure 2) and it 
represents one of the oldest landforms in the northern Phoenix Basin. It can be traced at 
the surface all the way from Waddell Dam to Sun City. Near Waddell Dam, it lies over 
100 m above the modern channel; near Sun City it is only 12 m above the channel (Table 
1). Like the Ml and M2a terraces, it does not contain a well developed desert pavement, 
and it does not contain a very thick argillic horizon. In fact, there is commonly no fine 
textured argillic horizon at the surface and the petrocalcic-petroduric horizon is exposed. 
Broken pieces of this horizon are typically scattered at the surface. Given the indurated 
nature of 0 surface soils, there is little infiltration on this landform and excavation is 
extremely difficult. Fortunately, soil development was described in a gravel quarry by 
Anderson et al. (1986) during construction of Waddell Dam (Appendix A). The 0 terrace 
soil is mostly a degraded, Stage V+ petrocalcic horizon that extends over 4 m in depth 
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(Table 2). For such a soil to develop and then degrade requires a significant amount of 
time, and although age control on such pedogenic processes is still wanting, a reasonable 
age estimate for the 0 terrace is 1-2 Ma (Anderson et al., 1986). 

Alluvial Fans 

Ya2 

Modern stream channels on the bajada are labeled Ya2. In this area, all channels 
on the bajada are ephemeral and only support short-lived discharge after sustained or 
heavy rains. The depth of channel entrenchment generally increases upslope such that in 
the upper piedmont, the height between interfluve and channel exceeds 10m, whereas in 
the lower piedmont stream channels are entrenched less than 1 m (Table 1). Ya2 deposits 
consist of stratified, poorly to moderate sorted sands, gravels, pebbles, cobbles, and 
boulders. These deposits are highly porous and permeable. Soils are generally absent to 
weakly developed, the latter classifying as Torrifluvents (Soil Survey Staff, 1994). Ya2 
surfaces are modern to historic in age. 

Yal 

Relatively young alluvial fan surfaces located primarily in the lower piedmont are 
mapped as Ya1 (Table 1). Drainage patterns range between distributary and dendritic 
with the former dominant where channels are incised < 1 m and prone to lateral shifting. 
Yal deposits are characterized by stratified, poorly to moderately sorted sands, gravels, 
and cobbles frequently mantled by sandy loam sediment. Soil development is relatively 
weak (Appendix A) with only slight texturally or structurally modified B horizons and 
slight calcification (Stage I). Some of the older Ya1 soils may contain weakly developed 
argillic horizons. Ya1 soils classify as Haplocambids, Haplocalcids, and Torrifluvents 
(Soil Survey Staff, 1994; Table 2). Because surface soils are not indurated with clay or 
calcium carbonate, Ya1 surfaces have relatively high permeability and porosity. Yal 
surfaces are Holocene in age « 10 ka). 

Ma2 

Younger Pleistocene fan surfaces are labeled Ma2 (Table 1). Ma2 surfaces are 
moderately incised by stream channels but still contain constructional, relatively flat 
interfluvial surfaces with weak to moderate desert pavement development. Overall, Ma2 
deposits range in size from cobbles to sand, but Ma2 soils contain much pedogenic clay 
and calcium carbonate resulting relatively low infiltration rates. Ma2 soils classify as 
Calciargids, Haplargids, and Haplocalcids (Soil Survey Staff, 1994). Gravelly soils display 
the greatest calcification, and the older Ma2 soils can have Stage III calcium carbonate 
development. Ma2 surfaces are age estimated at 10-200 ka. 
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Mal 

Mal surfaces are concentrated in the upper piedmont where channel incision has 
transformed older fan surfaces into a series of ridges and swales. These deposits tend to 
be coarsely textured given their proximity to mountain slopes. Mal soils are thick and 
well developed with argillic, duric, and petro calcic horizons. These soils classify as 
Petroargids, Paleargids, and Petrocalcids (Soil Survey Staff, 1994). The combination of 
indurated soils and moderate to steep slopes precludes substantial surface infiltration into 
Mal deposits. Mal surfaces are estimated to be 200-500 ky old (Table 1). 

Oa 

There are no Oa surfaces mapped in the Baldy Mountain and Calderwood Butte 
quadrangles. However, these surfaces are recognized to the west (Huckleberry, 1994) 
and are presented in Tables 1 and 2 and Appendix A for comparison with the younger 
alluvial fan surfaces. 

Tsm 

Along the western slopes of the Hieroglyphic Mountains and exposed in the 
terrace scarps beneath the 0, M1, and M2a terraces on the east side of the Agua Fria 
River are grayish brown sandstones and conglomerates of middle to late Tertiary age 
(Reynolds, 1988; Wahl et aI., 1988). These deposits are commonly cemented with 
calcium carbonate with some calcareous horizons greater than 5 m thick. Tsm sediments 
were deposited during the mid-Tertiary orogeny approximately 15-38 Ma. 

Agua Fria Terrace Sequence 

The Agua Fria River has a suite of one Holocene and six Pleistocene terraces 
situated above the modern channel (Figure 2). As described above, these terraces may 
range anywhere from less than 10 ka to over 1 Ma. Pewe (1978) was the first to note that 
these are fill or aggradational terraces, as evidenced by stream and road cuts which expose 
several meters of alluvium. Such terraces form by flood-plain aggradation followed by 
subsequent incision (Leopold and Miller, 1954). Pewe also noted that farther upstream, 
some of these terraces are strath terraces, i.e., cut into bedrock with little alluvial mantle. 
The Agua Fria River terrace sequence is unique in that it contains more preserved terraces 
than other major streams within the Phoenix Basin. There are only three substantial 
Pleistocene terraces along the lower Salt River and only two substantial Pleistocene 
terraces along the middle Gila River (Table 3). The greater number of terraces along the 
Agua Fria River between Lake Pleasant and Sun City is somehow related to processes of 
terrace formation and preservation, but the specific mechanisms are poorly understood. It 
is probable however, that these terraces are a product of both climate change and gradual 
tectonism. 

11 



Table 3. River Terrace Correlations in the Phoenix Basin. 

AguaFria AguaFria Salt River Gila River 
(this report) (pewe 1976) (Pewe 1978) (Huckleberry 1993 

Yl Lehi Adamsville 
M2d Stiles?; B~art 
M2c 
M2b Canal BluePoint 
M2a 
Ml Landing Field Mesa Florence 
0 Lake Pleasant Sawik Target 



Stream terraces may form as a result of tectonic perturbations to stream gradient, 
climate changes and their effect on the sediment-discharge ratio, or natural, internal 
adjustments within a fluvial system (Schumm, 1977; Ritter, 1986; Bull, 1991). The spatial 
magnitude of the older Agua Fria Terraces argue against a complex response mechanism 
for their formation. Climatic fluctuations are a good candidate, however, because it is 
known from ice and deep sea cores that the earth has experienced at least 10 glacial
interglacial cycles during the last 2 My (Goudie, 1992). Although the Agua Fria River 
basin did not experience glaciation, changes in the temperature and precipitation regime 
affected vegetation communities which probably had an impact on runoff and sediment 
yields (Langbein and Schumm, 1958). It is still contested, however, whether it is the 
transition from glacial to interglacial or interglacial to glacial that causes these terraces to 
form. 

Climate, however, is not the only geomorphic driving force in the creation of the 
Agua Fria Terraces. These terraces share a characteristic with other major terrace system 
in the eastern and northern margins of the Phoenix Basin: they all converge downstream 
(Figure 3). The distance between the 0 and Y2 surfaces decrease from over 100 m near 
Waddell Dam to less than 10 m at Sun City. This implies some sort of uplift is occurring 
causing the upper reaches of the rivers to cut more rapidly than the lower reaches (Pewe, 
1978). But it is obvious from the paucity of neotectonic features and the maturity of the 
landforms that this is not a region oflocal faulting (Morrison, 1985; Menges and 
Pearthree, 1989). Instead, it is hypothesized that the river has episodically downcut while 
the basin was slowly tilting to the west and south. What would drive such tectonism? It is 
possible that this is a result of denudational unloading in the Central Highlands region of 
Arizona where a tremendous amount of dissection and sediment removal has occurred 
during the last 2 My (Shafiqullah et aI., 1980; Menges and Pearthree, 1989). The removal 
of this mass may have caused the crust to rebound resulting in a slow south to southwest 
tilting of the margins of the Phoenix Basin. As the basin tilted, the rivers cut down around 
the margins of the basin. 

One interesting characteristic about the longitudinal profiles of the Agua Fria River 
terraces is that the decreasing gradient is generally matched on both sides of the river 
except for the 0 terrace in the lower reach. Here, the terrace tread on the east side of the 
river is higher than its counterpart on the west side by approximately 5 m (Figure 3). 
There is no clear explanation for this discrepancy. There does not appear to be any 
erosion of the terrace tread where the measurements were taken. One possiblity is that a 
mantle of fan alluvium overlies the tread on the east side. Alternatively, there may have 
been subsidence to the west. Significant lowering of water tables has occurred in this area 
historically, and consequent ground fissures have developed to the south and west in the 
lower piedmont of the White Tank Mountains (Genauldi and Schuman, 1986). But it is 
difficult to envision such localized differential subsidence without more local evidence of 
surface ruptures. 
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Agua Fria Terrace Soil Chronosequence 

The suite of Agua Fria River terraces provides a rare opportunity to analyze how soils 
develop through time. There are seven geomorphic surfaces which have defined relative 
ages based on topographic position. On stable surfaces, the higher surfaces should have 
better developed soils (Birkeland, 1984). This is because these soils have been exposed to 
soil-forming processes longer. Soils change through time due to additions, 
transformation, and removal of organomineral compounds. The resulting morphology will 
depend on the climate, vegetation, parent material, topography, and length of time 
exposed to pedogenesis (Jenny, 1980). Ideally, by holding four factors steady, the role of 
the fifth factor in soil formation can be assessed. Stream terraces are ideal settings for 
studying the influence oftime on soil development (e.g., McFadden and Weldon, 1987). 
An analysis of separate soils that differ only in age is a soil chronosequence. In soil 
chronosequences, older soils ostensibly have thicker solums and more advanced pedogenic 
properties. In reality, however, older soils are often partly degraded due to surface 
erosion, and they may not be as morphologically advanced as intermediate aged soils 
(Johnson et aI., 1990; Huckleberry, 1993). Furthermore, there are seldom true soil 
chronosequences because of climate change. Holocene soils have experienced different 
climates than late Pleistocene soils. Nonethless, insight into rates of pedogenesis and the 
evolution of a soil can be gained by analyzing soil chronosequences. 

The Agua Fria terrace soils can be directly compared by looking at their profile 
descriptions (Appendix A). However, to facilitate comparison of the soil profile 
descriptions, a profile development index (PDI) was constructed. A PDI assigns values to 
soil properties like color, structure, and texture, and those soils with more advance 
morphological properties have higher PDI value (Birkeland, 1984). The properties used in 
a PDI will vary depending on environment, and the values can be normalized to adjust for 
different depths of soil exposures. The PDI presented in Table 2 is an adaption of 
Harden's (1982) PDI following the guidelines of Birkeland et al. (1991). Soil properties 
used include reddening, lightening, texture, dry consistence, structure, clay films, and 
carbonates. A depth of 150 cm was used for all of the profiles. Texture was omitted in 
the calculations for the Bkm and Bkqm horizons. 

Overall, there is an increase in the PDI values for progressively older terraces, but 
the PDI values for the M2d and 0 terraces do not conform to this trend. The M2d soil 
has an unexpectedly high value whereas the 0 soil has an anomolously low value. The 
low PDI value for the 0 soil reflects its eroded condition. Anderson et ai. (1986) describe 
a thin C horizon over a thick Km (Bkm) horizon with Stage V+ development. With other 
factors equal, calcium carbonate will accumulate below the zone of clay accumulation. A 
several meter thick petrocalcic horizon at the surface records the formation and 
subsequent degradation of a soil. Surface erosion often stops at the top of the petrocalcic 
horizon due to its internal strength. Because the 0 surface is the highest terrace in the 
region, the surface has not received any considerable amounts of alluvium. Thus, the 
origin of the overlying C horizon is likely eolian (see McFadden and Weldon, 1987; Bull, 
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1991). If the argillic horizon were intact, the 0 surface would have a substantially higher 
PDI value. 

Less easy to explain is the unexpectedly high PDI value for the M2d soil. In 
general, the M2d, M2c, and M2b soils have similar morphological characteristics including 
an argillic horizon developed into gravelly channel deposits. The M2d soil however has 
better developed structure and more clay development extending to greater depths than 
the M2c and M2b soils. This may reflect previous erosion of part of the M2c and M2b 
soils. The geomorphology of the M2c terrace with all of its channel scars and isolated 
terrace remnants supports this hypothesis. Thus it may be that M2c and M2b PDI values 
are conservative rather than the M2d PDI value being exaggerated. 

Overall, the Agua Fria soil chronosequence suggests that Holocene soils in this 
region have experienced soil reddening and structural development with incipient clay 
formation and calcification. Latest Pleistocene soils which experienced more mesic 
climates during glacial periods have moderately developed argillic horizons but only Stage 
II or less carbonate development. The older Pleistocene soils (e.g., > 200 ka) have both 
well developed argillic and calcic horizons, the latter often containing Stage V or greater 
carbonate development. Older soils, (e.g., > 500 ka) tend to be degraded with only the 
carbonate and silica cemented horizons preserved. These oldest soils may have a 
moderately developed Bt horizon, but this is a recent eolian addition to the truncated soil. 

Summary 

Surficial geologic mapping of the Baldy Mountain and Calderwood Butte 7.5-
minute quadrangles was performed in order to assess the physical properties and age of 
basin deposits located in the lower Agua Fria River area between Waddell Dam and Sun 
City. This area contains a variety of landforms including mountains, alluvial fans, and 
stream terraces. Although late Tertiary basin deposits occur in the northern part of the 
project area, most of the basin deposits are Quaternary in age. Five temporally discrete 
alluvial fan surfaces and eight temporally discrete stream terrace surfaces including the 
modern Agua Fria River channel are identified. The older alluvial fan surfaces tend to be 
restricted in the upper piedmont whereas the lower piedmont is dominated by younger 
surfaces, many less than 10 ky old. 

The eight stream terraces were formed by the Agua Fria River during the last 
approximately 2 My. Because the stream terraces converge downstream, it is inferred that 
there has been some form of basin tilting, perhaps as a result of denudational unloading of 
the Central Highlands province. Several of the Agua Fria River terraces are correlatable 
to similar converging terraces on the Salt and Gila rivers based on topographic position 
and degree of soil formation. A soil profile development index was calculated for the 
Agua Fria terraces. Overall, the older surfaces have thicker and more mature pedogenic 
properties. However, carbonate induration and subsequent erosion of the argillic horizon 
in the oldest soils, e.g., those> 1 Ma, results in reduced PDI values for the oldest 
surfaces. Differential preservation may affect the degree of soil development for younger, 
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latest Pleistocene soils. Surface instability on older surfaces and its effect on soil 
preservation need to be considered when using soils to age estimate geologic deposits. 
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Geologic Surface: M2b 
Soil Profile: AFI 
Classification: Haplargid 
Location: Maricopa County, Arizona; SW 114, SW1I4, SW 114, Sec. 14, T. 5 N., R. 

1 E. 
Physiographic Position: Stream terrace; elevation 424 m. 
Topography: Gentle 1 % slope 
Vegetation: Creosote (Larrea), palo verde (Cercidium). 
Described by: Gary Huckleberry, April 12, 1995. 
Remarks: Soil profile located in road cut approximately 20 m from M2b terrace scarp. 

Strong red Fe varnish at 0-15 cm depth; surface clasts have black Mn varnish. 
Clay skins best developed along cobble-matrix interface. Soil colors are for dry 
conditions 

Ak 0-4 cm. Brown (lOYR 5/3) silt loam; weak, very coarse, platy and medium, 
angular blocky structure; slightly hard (dry), slightly sticky and slightly plastic 
(wet); strongly effervescent; carbonates are disseminated; clear smooth 
boundary. 

Btl 4-38 cm. Strong brown (7.5YR 4/6) extremely cobbly sandy clay loam; single 
grain to weak, medium, angular blocky structure; hard (dry), very sticky and 
plastic (wet); noneffervescent; common, faint, clay skins form colloidal stains 
and bridges between sand grains; clear smooth boundary. 

Btk2 38-80 cm. Yellowish red (5YR 4/6) extremely cobbly sandy clay; single grain 
to weak, fine, angular blocky structure; extremely hard (dry), very sticky and 
very plastic (wet), strongly effervescent; carbonates occur as common, very fine 
filaments mostly on surface of clasts (Stage I); many, distinct, clay skins occur 
on ped faces and form colloidal stains and bridges between sand grains; clear 
smooth boundary. 

Btk3 80-95 cm. Yellowish red (5YR 5/6) extremely cobbly sandy clay; single grain; 
loose (dry), very sticky and very plastic (wet), strongly effervescent; carbonates 
occur as common, very fine filaments mostly on surface of clasts (Stage I); 
many, distinct, clay skins form colloidal stains and bridges between sand grains; 
clear smooth boundary. 

Bk4 95-150+ cm. Brown (7.5YR 5/4) loamy coarse sand; loose (dry), not sticky 
and not plastic (wet); strongly effervescent; carbonates occur as common, thin, 
discontinuous rinds on clasts (Stage I). 
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Geologic Surface: M2d 
Soil Profile: AF2 
Classification: Haplargid 
Location: Maricopa County, Arizona; NE 114, SW1I4, NE 114, Sec. 17, T. 5 N., R. 

1 E. 
Physiographic Position: Stream terrace; elevation 409 m. 
Topography: Gentle 1 % slope 
Vegetation: Creosote (Larrea), palo verde (Cercidium). 
Described by: Gary Huckleberry, April 12, 1995. 
Remarks: Soil profile located in stream cut approximately 20 m south of flume. Profile 

located inpocket of low cobble content which enhances soil structure; elsewhere 
prismatic structure not displayed in Btl horizon. Strong red Fe varnish on 
clasts 0-15 cm depth; black Mn varnish on surface clasts. Soil colors are for 
dry conditions. 

A 0-2 cm. Brown (lOYR 5/3) silt loam; weak, very coarse platy and coarse 
angular blocky structure; slightly hard (dry), slightly sticky and slightly plastic 
(wet); noneffervescent; clear smooth boundary. 

Btl 2-30 cm. Yellowish red (5YR 4/6) very cobbly silty clay loam; moderate, 
coarse, prismatic and angular blocky structure; extremely hard (dry), very 
sticky and very plastic (wet); noneffervescent; many, distinct, clay skins on ped 
faces; clear smooth boundary. 

Bt2 30-80 cm. Yellowish red (5YR 4/6) extremely cobbly sandy clay loam; single 
grain and weak, fine, angular blocky structure; slightly hard (dry), sticky and 
plastic (wet); noneffervescent; common, distinct, clay skins occur on ped faces 
and form colloidal stains and bridges between sand grains; gradual smooth 
boundary. 

Btk3 80-95 cm. Strong brown (7.5YR 4/6) extremely cobbly sandy clay loam; single 
grain; loose (dry), very sticky and very plastic (wet); slightly effervescent; 
carbonates occur as thin discontinuous rinds on clasts (Stage I); common, 
distinct clay skins form colloidal stains and bridges between sand grains; 
gradual smooth boundary. 

Bt4 95-150+ cm. Strong brown (7.5YR 4/6) extremely cobbly sandy clay loam; 
single grain; loose (dry), sticky and plastic (wet); noneffervescent; few, 
distinct, clay skins form colloidal stains and bridges between sand grains. 
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Geologic Surface: M2c 
Soil Profile: AF3b 
Classification: Haplargid 
Location: Maricopa County, Arizona; SE 114, SW1I4, SE 114, Sec. 5, T. 5 N., R. 1 

E. 
Physiographic Position: Stream terrace; elevation 425 m. 
Topography: Gentle 1 % slope 
Vegetation: Creosote (Larrea), palo verde (Cercidium). 
Described by: Gary Huckleberry, April 12, 1995. 
Remarks: Soil profile located in trench placed approximately 80 m north of road. 

Moderately varnished pavement at surface. Profile located on bar on M2c 
surface. All colors are for dry conditions. 

Avk 0-2 cm. Pink (7.5YR 7/4) silty loam; moderate, coarse, platy structure; soft 
(dry), slightly sticky and slightly plastic (wet); slightly effervescent; carbonates 
are disseminated; abrupt smooth boundary. 

Bw1 2-23 cm. Strong brown (7.5YR 4/6) sandy loam; weak, very coarse, angular 
blocky structure; soft (dry), slightly sticky and plastic (wet); noneffervescent; 
abrupt wavy boundary. 

Btk2 23-85 cm. Yellowish red (5YR 4/6) very gravelly sandy clay loam; single 
grain; slightly hard (dry), sticky and plastic (wet); strongly effervescent; 
carbonates are segregated into discontinuous rinds and fIlaments on clasts (Stage 
1+); common, distinct clay skins forming colloidal stains and bridges between 
sand grains; abrupt wavy boundary. 

2Bk3 85-109 cm. Strong brown (7.5YR 5/6) gravelly loamy medium sand; massive; 
soft (dry), not sticky and not plastic (wet); slightly effervescent; carbonates are 
disseminated; clear smooth boundary. 

2Bk4 109-142 cm. Pinkish gray (7.5YR 7/2) loamy fine sand; massive; soft to 
slightly hard (dry), not sticky and slightly plastic (wet); violently effervescent; 
carbonates are disseminated and occur as few, very coarse, nodules (Stage II); 
clear smooth boundary. 

2CBk 142-150+ cm. Pinkish gray (7.5YR 7/2) medium sand; single grain; loose 
(dry), not sticky and not plastic (wet); violently effervescent; carbonates are 
disseminated. 
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Geologic Surface: YI 
Soil Profile: AF3a 
Classification: 
Location: Maricopa County, Arizona; SE 114, SW1I4, SE 114, Sec, 5, T. 5 N., R. 1 

E. 
Physiographic Position: Stream terrace; elevation 422 m. 
Topography: Gentle 1 % slope 
Vegetation: Creosote (Larrea), palo verde (Cercidium), bursage (Franseria). 
Described by: Gary Huckleberry, May 9, 1995. 
Remarks: Soil profile located in trench placed approximately 30 m north of road. 

Flood channel cut into older terrace. Extraordinarily large blocky structure with 
extremely hard dry consistence in Bk horizon is probably due to compaction. 
This surface represents a swale on the M2c terrace. 

A 0-3 cm. Pale brown (lOYR 6/3) loamy fine sand; moderate, coarse, platy 
structure; hard (dry), not sticky and not plastic (wet); slightly effervescent; 
carbonates are disseminated; abrupt smooth boundary. 

Bkl 3-35 cm. Light brown (7.5YR 6/4) loamy sand; strong, very coarse, angular 
blocky structure; extremely hard (dry), slightly sticky and slightly plastic (wet); 
strongly effervescent; carbonates are disseminated; abrupt wavy boundary. 

2Btk2 35-68 cm. Brown to light brown (7.5YR 5.5/4) gravelly sandy loam; massive; 
hard (dry), slightly sticky and slightly plastic (wet); strongly effervescent; 
carbonates occur as discontinuous rinds and filaments on clasts (Stage 1+); few, 
faint, clayskins occur as colloidal stains on clasts; abrupt wavy boundary. 

3Bk3 68-90 cm. Brown (7.5YR 5/4) loamy medium sand; massive; soft (dry), not 
sticky and not plastic (wet); violently effervescent; carbonates are disseminated; 
abrupt smooth boundary. 

3Bk4 90-105 cm. Pinkish gray (7.5YR 7/2) medium sand; massive; loose (dry), not 
sticky and not plastic (wet); violently effervescent; carbonates are disseminated 
and occur as common, medium, irregular nodules (Stage II); gradual smooth 
boundary. 

3CBk 105-150+ cm. Pinkish gray (7.5YR 6.5/2) medium sand; loose (dry), not 
sticky and not plastic (wet); violently effervescent; carbonates are disseminated. 
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Geologic Surface: M2a 
Soil Profile: AF4 
Classification: Hap1argid 
Location: Maricopa County, Arizona; SE 114, SE1I4, SW 114, Sec. 4, T. 5 N., R. I 

E. 
Physiographic Position: Stream terrace; elevation 445 m. 
Topography: Gentle 1 % slope 
Vegetation: Creosote (Larrea), mesquite (Prosopsis); palo verde (Cercidium). 
Described by: Gary Huckleberry, May 9, 1995. 
Remarks: Soil profile located in trench placed approximately 15 m north of road. Few 

cobbles at surface. All colors are for dry conditions. 

Ak 0-2 cm. Light brown (7.5YR 6/4) sandy clay loam; moderate, medium, 
angular blocky structure; hard (dry), sticky and plastic (wet); strongly 
effervescent; carbonates are disseminated; abrupt smooth boundary. 

Btkl 2-20 cm. Light brown (7.5YR 6/4) silty clay; moderate, very coarse, angular 
blocky structure; hard (dry), very sticky and plastic (wet); strongly effervescent; 
carbonates are disseminated; common, faint, clay skins on ped faces; gradual 
smooth boundary. 

Btk2 20-45 cm. Brown (7.5YR 5/4) silty clay; weak, very coarse, angular blocky 
structure; extremely hard (dry), very sticky and plastic (wet); strongly 
effervescent; carbonates are disseminated; common, faint, clay skins on ped 
faces; gradual smooth boundary. 

Btk3 45-105 cm. Brown (7.5YR 5/4) clay; massive; extremely hard (dry), very 
sticky and very plastic (wet); strongly effervescent; carbonates are disseminated; 
many, faint, clay skins on ped faces; gradual smooth boundary. 

Btk4 105-118 cm. Strong brown (7.5YR 5/6) clay; massive; extremely hard (dry), 
very sticky and very plastic (wet); violently effervescent; carbonates occur as 
many, fine, concretions (Stage 1+); many, distinct, clay skins on ped faces; 
abrupt smooth boundary. 

Bkqm 118-150+ cm. Segregated pinkish white (7.5YR 8/2) and pinkish gray (7.5YR 
7/2); massive; extremely hard; indurated with carbonate (Stage V); brecciated 
clasts. 
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Geologic Surface: MI 
Soil Profile: AF5 
Classification: Petrocalcid 
Location: Maricopa County, Arizona; SE 114, SW1I4, SW 114, Sec. 28, T. 6 N., R. 

1 E. 
Physiographic Position: Stream terrace; elevation 473 m. 
Topography: Gentle 1 % slope 
Vegetation: Creosote (Larrea), mesquite (Prosopsis); palo verde (Cercidium). 
Described by: Gary Huckleberry, May 10, 1995. 
Remarks: Soil profile located road cut provided by State Route 74. All colors are for 

dry conditions. 

Ak 0-2 cm. Brown (7.5YR 5/4) silty loam; moderate, medium, angular blocky 
structure; soft (dry), slightly sticky and plastic (wet); slightly effervescent; 
carbonates are disseminated; clear smooth boundary. 

Btk1 2-15 cm. Strong brown (7.5YR 4/6) silty loam; moderate, coarse, angular 
blocky structure; slightly hard (dry), slightly sticky and plastic (wet), slightly 
effervescent; carbonates are disseminated; common, faint, clay skins on ped 
faces; clear smooth bondary. 

Btk2 15-80 cm. Strong brown (7.5YR 4/6) silty clay; moderate, coarse, angular 
blocky structure; extremely hard (dry), very sticky and very plastic (wet), 
strongly effervescent; carbonates occur as few, very coarse, irregular nodules 
(Stage II); many, distinct, clay skins on ped faces; abrupt wavy bondary. 

2Bkqm1 80-180 cm. Pinkish white to pink (7.5YR 8/3) gravels and cobbles; massive; 
extremely hard (dry); violently effervescent; carbonates indurate horizon 
(Stage V); breciated clasts; gradual, wavy boundary. 

2Bkqm2 180-~400 cm. Pinkish white to pink (7.5YR 8/3) gravels and cobbles; 
massive; extremely hard (dry); violently effervescent; carbonates indurate 
horizon (Stage III + ). 

Tsm ~400+ cm. Tertiary sandstones and conglomerates. 

27 



Geologic Surface: 0 
Soil Profile: TT13 
Classification: Petrocalcid 
Location: Maricopa County, Arizona; SW 114, Sec. 22, T. 6 N., R. 1 E. 
Physiographic Position: Agua Fria stream terrace; elevation 535 m. 
Topography: Gentle, < 1 % slope. 
Vegetation: Creosote (Larrea), cholla (Opuntia). 
Described by: Lucy Piety and Larry Anderson, June 6, 1985. 
Remarks: Soil profile description adapted from Anderson et al. (1986). Note that Km 

horizon correlates with Bkm horizon (Birkeland, 1984). Percentages visually 
estimated by volume. The upper C horizon was described in a small hand-dug 
pit on top of the terrace away from the borrow pit. The * indicates carbonate
rich samples that are whiter than the color given. 

C 0-18 cm. Dull orange (7.5-5YR 6/4 d), dull reddish brown (5YR 4/4 m); silt 
loam texture; moderate fine subangular blocky structure; consistence is soft (d) 
and very slightly sticky and plastic (w); violently effervescent; abrupt smooth 
boundary. 

2Km1 18-~100 cm. Light gray (7.5YR 8/1 * d), light gray (7.5YR 8/1 * m); sandy 
loam texture; consistence is extremely hard (d); conains < 5% pebbles and 
small cobbles; contains carbonate throughout in very strong laminar 
development (no brecciation or pisolite development noted), indurated, stage 
V + + carbonate development; violently effervescent; gradual wavy boundary. 

2Km2 100-~300 cm. Light gray (7.5YR 8/1 * d), light gray (7.5YR 8/1 m); very 
gravelly sandy loam exture; consistence is extremely hard (d); contains 15% 
pebbles, 30 % cobbles, and 5 % boulders; contains carbonate throughout with > 
50 % of horizon with laminar development (no brecciation or pisolite 
development), indurated, stage V + carbonate development; violently 
effervescent; gradual wavy boundary. 

2Km3 300-430 cm. Ligh gray (7.5YR 8/1 * d), dull brownish gray to dull orange 
(7.5YR 712.5 m); very gravelly sandy loam texture; consistence is extremely 
hard (d); contains 15% pebbles, 30% cobbles, and 5% boulders; contains 
carbonate throughout in plugged horizon (no laminar development), indurated, 
stage IV + carbonate development; violently effervescent; clear smooth 
boundary. 
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Appendix B: Terrace Profile Data 
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Longitudinal Profiles of Agua Fria Terraces (Baldy Mountain 7.5' Quadrangle). 

Terrace Distance from Dam Elevation Elevation 

e = east; w = west (map in.) (ft) (m) (ft) (m) 

Oe 1.2 2400 732 1770 540 

Oe 5.6 11200 3416 1650 503 

Oe 1l.2 22400 6832 1570 479 

Oe 15.9 31800 9699 1490 454 

Ow 14.1 28200 8601 1490 454 

Ow 18.8 37600 11468 1440 439 

M1 l.7 3400 1037 1650 503 

M1 6.5 13000 3965 1570 479 

M2a 9.4 18800 5734 1470 448 

M2a 10.8 21600 6588 1460 445 

M2a 12.6 25200 7686 1450 442 

M2a 15 30000 9150 1420 433 

M2a 16.6 33200 10126 1390 424 

M2a 19.5 39000 11895 1370 418 

M2be 5.1 10200 3111 1440 439 

M2be 9.6 19200 5856 1420 433 

M2be 13.7 27400 8357 1390 424 

M2be 16.4 32800 10004 1370 418 

M2ce 19.3 38600 11773 1330 406 

M2ce 7.8 15600 4758 1410 430 

M2ce 10.6 21200 6466 1390 424 

M2ce 13.5 27000 8235 1370 418 

M2d 14.7 29400 8967 1340 409 

M2d 17.2 34400 10492 1320 403 

M2d 19.5 39000 11895 1300 397 

Y2 5.1 10200 3111 1400 427 

Y2 6.5 13000 3965 1380 421 

Y2 7.8 15600 4758 1370 418 

Y2 9.6 19200 5856 1360 415 

Y2 11.2 22400 6832 1350 412 

Y2 12.6 25200 7686 1340 409 

Y2 14.7 29400 8967 1330 406 

Y2 15.9 31800 9699 1320 403 

Y2 17.2 34400 10492 1310 400 

Y2 18.8 37600 11468 1300 397 
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Longitudinal Profiles of Agua Fria Terraces in the Calderwood Butte 7.5' Quadrangle. 

Terrace Distance from Dam Elevation Elevation 

e = east; w = west (map in.) (ft) (m) (ft) (m) 

Oe 19.9 39800 12139 1430 436 

Oe 22.3 44600 l3603 l390 424 

Oe 24.6 49200 15006 l360 415 

Oe 27.6 55200 16836 l320 403 

Oe 30.5 61000 18605 1280 390 

Oe 32.8 65600 20008 1260 384 

Oe 35.2 70400 21472 1240 378 

Oe 38.7 77400 23607 1215 371 

Oe 41.3 82600 25193 1200 366 

Oe 44.1 88200 26901 1180 360 

Ow 20.7 41400 12627 1410 430 

Ow 22.0 44000 l3420 1400 427 

Ow 24.4 48800 14884 l370 418 

Ow 28.6 57200 17446 l320 403 

Ow 32.4 64800 19764 1270 387 

Ow 34.9 69800 21289 1250 381 

Ow 38.4 76800 23424 1200 366 

Ow 40.5 81000 24705 1180 360 

Ow 42.6 85200 25986 1160 354 

M2ce 27.0 54000 16470 1285 392 

M2ce 29.5 59000 17995 1260 384 

M2ce 31.8 63600 19398 1250 381 

M2ce 34.1 68200 20801 1230 375 

M2ce 37.5 75000 22875 1210 369 

M2ce 39.6 79200 24156 1190 363 

M2cw 22.9 45800 l3969 l310 400 

M2cw 24.8 49600 15128 l300 397 

M2cw 26.9 53800 16409 1280 390 

M2cw 28.9 57800 17629 1260 384 

M2cw 31.9 63800 19459 1240 378 

M2d 20.7 41400 12627 1290 393 

M2d 22.0 44000 l3420 1280 390 

Y1 35.2 70400 21472 1200 366 

Yl 37.5 75000 22875 1185 361 

Yl 38.7 77400 23607 1175 358 

Yl 41.3 82600 25193 1160 354 

Y2 20.7 41400 12627 1290 393 

Y2 22.9 45800 l3969 1270 387 

Y2 24.6 49200 15006 1260 384 
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Y2 26.9 53800 16409 1250 381 

Y2 28.9 57800 17629 1230 375 

Y2 30.5 61000 18605 1220 372 

Y2 32.8 65600 20008 1205 368 

Y2 34.1 68200 20801 1200 366 

Y2 37.0 74000 22570 1185 361 

Y2 39.6 79200 24156 1170 357 

Y2 41.3 82600 25193 1155 352 

Y2 44.1 88200 26901 1140 348 
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