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Abstract 

This study, designed to accompany the I. 999 report, Outcrop Anui'ysis of the 
Cretaceous Mesaverde Group: Jicarillu Apache Reservution, New kfexico, presents the 

results of an outcrop gamma-ray survey of six selected measured sections included in the 
original report. The primary objective ofthis second study is to provide a baseline to 
correlate from the outcrop and reservoir model into Mesaverde strata in the S a  Juan 

Basin subsu~ace. Outcrop logs were generated using a GAD-6 gamma-ray spectrometer 
that simultaneously recorded total counts, potassium, uranium, and thorium data. 

Taken together, the sections selected for outcrop gmrna-ray analysis display the 
full lateral and vertical range of sequence stratigraphic and reservoir relationships seen in 

the field study. Facies represented include vortically stacked marine shoreface 
parasequences (Point Lookoiit Sandstone), a variety of nearshore estuarine and fluvial 

strata (Point Lookout Sandstone and Menefee Formation), and shelf sandstone (Cliff 
House Sandstone). These units reflect deposition within the highstand and 
lowstandtransgressive systems tracts of two major depositional sequences near the 
seaward Mesaverde Group pinchout. A roughly west-northwest trending line projected 

into the basin subsuface will help to distinguish two distinctly different outcrop log 
profile patterns. South of this line, complete coarsening-upward shorefssce log signatures 
may be expected. Reservoir geometry will be most influenced by shore-parallel 
(shoreface) stratigraphic elements. North ofthis line, incomplete, or truncated, shoreface 
log signatures signal the presence of one or more sequence boundaries within the section. 
Reservoir elements will include both shore-parallel trends (shoreface) and complex 
shore-perpendicular trends (incised valleys). 
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Purpose 

This study, designed to accoinpany the 1999 report, Outcrop AnaZysis of the 

Cretaceous LVesuverde Group: Jicavilla Apache Reservutioiz, New Mexico, presents the 

results of an outcrop gmna-ray survey of six selected measured sections included in the 

original report. The primary objective of this second study is to provide a baseline to 

correlate from the outcrop and reservoir model into Mesaverde strata in the San Juan 

Basin subsurface. 

Methods 

Six ofthe original fifteen measired sections were selected for outcrop gamma-ray 

survey (Fig. I )  based upon the range of reservoir units represented, location within the 

study area, and accessibility with respect to the somewhat cumbersome equipment. In 

terms of sequence stratigraphic relationships, these six sections reflect deposition within 

the highstand and lowstmd/~a~~sgressive systems tracts of two major depositional 

sequences. Facies represented include vertically stacked marine shoreface parasequences 

(Point Lookout Sandstone), a variety of nearshore estuarine and fluvial strata (Point 

Lookout Sandstone and Menefee Formation), and shelf sandstone (Cliff House 

Sandstone). Details of these units and their correlations are found in the main report. 

The U. S. Geological Survey supplied a GAD-6 gamma-ray spectrometer, which 

simultaneously collected total count (TC), potassium (K)¶ uranium (U), and thorium (Th) 

data at each site. Sampling interval was every 2.5 feet, with deviations from that due to 

accessibility, cover, or local facies variability. 
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Figure 1 : (right) Base map ofthe 
study area from I : 100,000 Chama 
New Mexico-Colorado map 
showing major geographic localities 
and locations of measured sections 
1 through I4 (circles). 

Outcrop gamma-ray data reported 
in this study are from measured 
sec~ions 2,4? 7,9,11, and 12. 
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Count duration per sample was 90 seconds. Outcrop and background data are reported 

as raw counts for this study (Appendix 1 j. To calculate %K, ppm eU, and ppm eTh fiom 

these raw counts, a set of calibration equations unique to this spectrometer must be 

applied: 

K 0.001 1 13*(Ck-85) - 0.004 004*(C~-44) - 0.0000706*(Cth-27) 
eU = 0.01 1773*(Cu-44) - 0.0081 83*(Cth-27) 
eTh = 0.03031 3*(Cth-27) 

where: Ck, Cu, Cth are the total counts recorded in the K, U, and Th 
windows respectively and x* are the predetermined calibration and 
s t ti p pi n g constants 

Results 

This section compares vertical gamma-ray trends to observed litho facies and 

interpreted depositional environments for each of the six measured sections. Figure 2 is a 

general legend for all symbols used in this report. Figures 3-8 are composite diagrams 

that compare individual K, U, Th, and TC profiles to interpreted depositional 

environment. These figures are especially useful for viewing an entire vertical section in 

compressed format. Detailed measured section data in Appendix 2 allows specific 

comparison of total count profiles to rock type, grain size, and sedimentary structures, as 

well as to interpreted depositional environment. Individual beaches mentioned below and 

in the accompanying figures (i.e. North Llaves Beach, Pounds Mesa Beach, etc.) are 

those defined and described in the main report. Plates 1 and 2 from that document show 

the relative relationships and correlations of these beaches throughout the study area. 
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Figure 2: Symbols and terminology used in figures 3-8 
and appendices. 
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Measured Section 2 (Pounds Canyon): Vertically stacked, coarsening-upward beach 

deposits dominate this section, which shoaled upward to the level of the North Llaves and 

(lower) Puerto Chiquito beaches. The section displays a full range of intertonguing 

offshore Wansition and shoreface litlioficies. Composite gamma-ray data (Fig. 3) display 

this relationship as a general upward trend (0-1 80 ft) of decreasing count values and 

increasing “blockiness”, or uniformity, particularly evident in the TC, Th, and U profiles. 

lndividual coarsening-upward shoreface cycles (parasequences) separated fkom one 

another by marine flooding surfaces are aIso resolvable within this general trend at a 

smaller-scale (best viewed in detailed section data; Appendix 2). A channel/estuarine 

unit (I  92-220 ft), that aggraded during local base level rise and was overstepped by 

foreshore deposits of the lower Pounds Mesa Beach, caps the shoref’ace package with an 

interval of subtly increasing count values, again best displayed by the total count, Th and 

‘U profiles. This increase in count values corresponds to an overall subtle fining-upward 

trend in the cliannel-to-foresliore depositional unit. 

This measured section displays all of the major attributes of the highstand systems 

tract prograding shoreface complex in which individual beaches are stacked vertically 

and intertongued with both offshore mudrocks (below) and non-marine fluvial strata 

(above). The gamma-ray signature between 0 and 230 fi captures these attributes and 

would be usefbl for recognizing these relationships in the subsurface. It is important to 

note aiso that this complete gamma-ray 
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Figure 3: Composite GAD-6 gamma-ray spectrometer 
data for section 2: Pounds Canyon. 
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signature will serve as a mode1 to identify missing components, as well. Sections at 

which this signature is incomplete (for instance, where the bIocky upper packet is 

lacking) may be strong candidates to contain erosional sequence boundaries (discussed in 

more detail €or sections 4,9, 11, and 12.) 

Measured Section 4 (Apache Mess! South): Located down depositional dip from 

measured section 2, the section at Apache Mesa is also dominated by vertically stacked 

coarsening-upward shoreface deposits. Here, however, much of the sand-rich shoreface 

interval from measured section 2 has undergone transition to more offshore, mud-rich 

facies and new beaches (upper Puerto Chiquito Beach, Pounds Mesa Beach, and Stinking 

Lake Beach) dominate the section. Composite gamma-ray data (Fig. 4) for the Iower 150 

ft of the section record this offshore increase iiz mud-dominated facies as a gciieralIy 

consistent trend in average values (seen in total count, Th, U, and K) marked by 

pronounced hi gll-count spikes. A strong correspondence exists between these high 

gamma-ray deflections and the mudrock flooding surfaces that bound thin (approximately 

IO- 15 ft thick) offshore transition to lower shorefiice parasequences (Appendix 2). 

Unfortunately, the rnassive shoreface cliff(approx. 148-195 ft) at this section was 

inaccessible and no gamma-ray data exist for this interval. Presumably an upward trend 

of decreasing count values and increasing “blockiness” (similar to that seen between 80- 

200 ft at measured section 2) characterizes the zone, culminating in the data for the 

Stinking Lake Beach upper shoreface (195-235 fi). 
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Sequence boundary SB 1 separates Stinking Lake upper shoreface sandstone fkoin 

overlying fluvial channel deposits at about 235 ft. A dramatic positive deflection in total 

counts, Th, U, and K accompanies this contact, The fluvial sandstone package is rnuclz 

less massive and displays greater bedding variability than the underlying shoreface 

deposits. The gamma-ray signature (235-270 ft) for this channel fill package is a stacked 

series of thin (1 0- 15 ft) packets that together constitute an upward trend of decreasing 

total count, Th, U, and K values. This log signature might be confused with that of a 

coarsening-upward shoreface profile, although these fluvial outcrops lack corresponding 

coarsening-upward textural trends and are more variably bedded than a typical shoreface 

unit. Because proper recognition of this sequence boundary is critical to mapping 

incised valley reservoir trends into the subsiLl"facc, careful consideration should be given 

to the possibility that an unconformity rniglit "hide" in what superficialIy appears to be a 

new shoreface package. 

Measured section 7 Morse Lake Mesa NE): Continuing down depositional dip 

fiom sections 2 and 4, measured section 7 contains non-marine strata that lie completely 

above the SBl sequence boundary. (The SB2 sequence boundary may lie within the 

section, but was not correlated into this part ofthe field mea.) The dominant fslcies in this 

section are fluvial channel sandstones and organic-rich, heterolithic floodplain deposits. 

Textural trends in these fine-to-mediurn grained sandstones are subtle, as are the 

corresponding trends in the gamma-ray logs (Fig. 5). The interval 0-35 A contains 

several fining-upward amalgamated channel scours whose corresponding gamma-ray 

signatures also exhibit subtle 
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count increases. Dramatic spikes in total count, K, U, and Th cliaracterize the 

heterolithic, organic-rich floodplain rocks above 35 A. FIrrvial sandstones above 55 ft 

display slightly coarsening to uniform textural trends and the corresponding gamna logs 

reflect this situation with vertically decreasing to uniform total count, K, U and Th 

signals. 

Measured section 9 (Sulphur Canyon): Features present at Sulphur Canyon 

include a set of shoaling-upward stacked offshore and shoreface parasequences (0- 1 88 ft) 

that culminate in the lower to middle shoreface sandstones of the Stinking Lake and 

Stone Lake beaches. Sequence boundary SB 1 dissects the Stone Lake shoreface (at 188 

ft) and is itself overlain by sand-rich estuarinc (bayliead delta) deposits (1 88-240 ft). “lie 

upper I50 ft of the section is floodplain mudrock containing isolated channel sandstone. 

Large swings in the total count, Th, U, and K data (fig. 6, Appendix 2) 

characterize the lower 70 A ofthe section (data gap from 70 - 87 ft), where a higher 

proportion of mudrocks and muddy sandstones are among the data points. As relative 

sandstone content and painsize increase upward (90-1 88 ft), the Log signatures lose these 

extreme excursions, yet still display the thin, jagged character of stacked distal shoreface 

packets seen at sections 2 and 3. Significantly, however, gamma-ray profiles at measured 

section 9 never quite achieve the thicker, blocky pattern typical of upper shoreface and 

foreshore units. This observation is critical to uccurate subsurface cowelution. Upper 

shoreface deposits are missing at section 9, having been removed by erosion at the SB 1 

sequence boundary. The “complete” coarsening-upward gamma profile (such 
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as that seen in measured section 2) is not present. Instead, estuarine strata directly overlie 

the middle shoreface, intempting the standard profile with a17 unexpected log signature, 

Outcrops at 188 ft show an abrupt increase in grain size and a dramatic change in bedding 

character toward thin-bedded, scour and fill surfaces. This change is accompanied in the 

gamma logs by a deflection toward higher values. Total count, Th, U, and K profiles in 

the overlying estuarine strata ( 188 - 240 fi) display a more narrow range of values &e. 

more uniform vertical profile) than underlying shoreface units. 

Overlying the estuarine deposits is a 150 ft thick vertical sequence of organic 

floodplain niudrock and thin fluvial sandstones with significant covered intcrvals and 

sparsely distributed gamma-ray data points. This interval was measured strictly for the 

purpose of reaching the overlying Lewis transgressive surface datum, and does not yield 

a gamma-ray data set suitable for detailed interpretation. 

Measured sections 1 1 and 12 (Monero Beach Roadcut and Monero Beach North): 

These two sections are immediately adjacent to one another (Fig l), with the Monero 

Beach North section being substantially thicker. Both gamma-ray data sets are provided 

(Fig. 7,8,  Appendix 2), however this description is based upon the more complete 

information in section 12, Monero Beach North. 

Facies present at Monero Beach North include a set of shoaling-upward shoreface 

parasequences (0-75 ft) that include, in ascending order, the Stone Lake, Horse Lake and 

Monero Canyon beaches. Gamma-ray logs for the three shoreface units display subtle 

decreasing-upward to uniform vertical counts, 
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which correspond well to the textural trends in the sandstones. Sequence boundary SBI 

caps the Monero Canyon beach (at 75 ft) and is itself overlain by both fine-grained and 

said-rich estuarine deposits (75-100 ft). Sequence boundary SB2 (at 100 ft) truncates the 

estuarine package and is overlain by fluvial chatlnel deposits and organic floodpiain 

mudrocks. Strong positive deflections in total count, Th, U, and K mark the base of each 

sequence boundary. Fluvial and estuarine sandstones display a range of gamma-ray 

signatures, including both uniform and decreasing-upward count values. 

The section above 110 ft is dominated by floodplain deposits, but contains the 

backstepping, landward firnits of two new beaches, Canon Aiiiargo and Briggs Mesa (at 

128 ft and 173 ft, respectively). Based upon gamma-ray data only, these thin, 

backstepping foreshore deposits would be extremely difficult to distinguish from fluvial 

channels. Just as was the case in outcrop, careful lateral correlation of these units would 

be required to confidentfy identify them as new beaches. 

Summary 

Outcrop gatnrna-ray data for tlie six sections reported in this study provide an 

initial baseline to link the Mesaverde outcrop model to equivalent strata in the subsurface. 

While these rocks liitve long been recognized to record complex intertonguing of marine 

and non-marine sub-environments, a major result ofthc outcrop study was to place these 

strata within an organized sequence stratigraphic framework with the power to predict 

subsurfice stacking patterns and reservoir trends. Recognition of sequence bounding 

unconformities (SB I, SB2) and the complex juxtaposition of facies above and below wili 

be critical to the successhl ap,plication of this model to the subsurface. 
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A reasonable stm'ng point from outcrop would be to project the approximate 

trend of the Stinking Lake beach (Fig. 9) into the basin subsurface. To the south- 

southwest of this line, more complete shoreface log signatures (similar to that in. 

measured section 2) may be expected and reservoir geometry will be most influenced by 

shore-parall el (shoreface) stratigraphic elements. To the north-northeast of this line, the 

likelihood of intersecting a sequence boundary at the top of the Point Lookout increases 

dramatically. Rocks overtying this boundary may be fine-grained or sand-rich, fluvial or 

estuarine, so that no "typical '' log signature exists for this situation, Rather it will be 

important to recognize missing shoreface units, such as documented at sections 4 and, 

more clearly at 9. Reservoir elements will include both shore-parallel trends (below the 

sequence boundary) and shore-perpendicular (incised valleys) above. 
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Figure 9: Location of individual 
beach pamsequcnces in thke study 
area. Forcshore deposits constsain 
the location of the Puerto Chiquito, 
Pounds Mesa, and Stinking Lake 
shorelines. (Foreshore positon of 
North Llaves bcach is located 
somewhere to the south of the study 
area, and is therefore not shown.) 
Position for Stone Lake, Horse 
Lake, and Monero Canyon beaches 
is inferred due to later erosion of 
foreshore and upper shoreface by 
the SB1 surface. 
A line extending the Stinking Lake 
beach trend into thc subsurface will 
approximately separate two 
dj ffercnt sequence stratigmphic 
packages and predicted log pattern 
signatures. South of this fine, 
complete coarsening-up ward 
shoreface log signatures will 
dominate. North of this line, 
coarsening upward shoreface 
signatures may be truncated by 
erosion at the SB 1 sequence 
boundary. 

See text for details. 
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Appendix 1 

Outcrop gamma-ray data for measured sections described in this study. Data collected using a 

U.S. Geological Survey GAS-6 gamma-ray spectrometer which simultaneously records total 

counts, potassium, uranium, and thorium. See text for details. 

Measured Section 2: Pounds Canyon 

Measured Section 4: Apache Mesa South 

Measured Section 7: Horse lake Mesa NE 

Measured Section 9: Sulphur Canyon 

Measured Section 1 1 : Monero Beach Roadcut 

Measured Section 12: Monero Beach North 

p. 21 

p. 25 

p. 29 

p. 31 

p. 35 

p. 37 
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Measured Section 7: Horse Lake Mesa NE 
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Measured Section 9: Sulphur Canyon 
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Measured Section 12: Moiiero Beach North 
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Appendix 2 

Detailed measured section data for the sections discussed in this study. Gamma-ray data are 

presented as total count profiles with each data point represented by a solid circle. 

Measured Section 2: Pounds Canyon 

Measured Section 4: Apache Mesa South 

Measured Section 7: Horse Lake Mesa NE 

Measured Section 9: Sulphur Canyon 

Measured Section 1 1 : Monero Beach Roadcut 

Measured Section 12: Monero Beach North 
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Measured Section 2: Pounds Canyon. Measured by RWD, MK-J 36 33'52" N, 106 48'16 W 
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