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Figure 1: Equotip Bambino 2 micro-rebound hammer
metal hardness tester (Image from Proceq).

Figure 3: Briiker Tracer III-V energy-dispersive x-ray
fluorescence (ED-XRF) spectrometer (Image from Bruker
2015).

Figure 2: Point load penetrometer (dimpler) mode
of operation (top) and graph showing the
relationship between “tick” marks and unconfined
compressive strength.
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Lower Cretaceous sedimentary formations
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deposition of the Boquillas Formation (93.2 Ma). The black ovals outline the
approximate location of the Chihuahua Trough (left) and the carbonate platform on
which sediments were deposited during this time (modified from Blakey, 2017).

from Tiedemann, 2010).
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Table 2
Outcrop Station #1 Fracture Data.
Station  Bed Fracture Strike Dip Bed Boundedness Spacing (cm) (in)  Height (cm) (in) Aperture Width  Filled?  Mineral

1 1 1 256 60 through-going 22 8.66 30 11.81 sub mm no -

1 1 2 257 64 through-going 23 9.06 22 8.66 sub mm no -

1 1 3 296 55 through-going 119 46.85 42 16.54 sub mm yes CaCOy
1 1 4 297 64 bed-bound 13 512 14 5.51 sub mm yes CaC04
1 2 1 321 62 bed-confined 42 16.54 12 4.72 sub mm no -

1 2 2 117 75 bed-confined 60 23.62 5 197 sub mm no -

1 2 3 126 86 bed-confined 50 19.69 6 2.36 sub mm no -

1 3 1 275 46 bed-confined 13 512 26 10.24 1mm no -

1 3 2 276 67 bed-confined 117 46.06 42 16.54 1mm no

1 4 1 105 46 bed-bound 10 394 30 1181 2mm no -

1 4 2 280 61 bed-bound 64 25.20 30 1181 sub mm yes CaCO4
1 4 3 86 86 bed-bound 86 33.86 30 11.81 sub mm yes CaCO4
1 5 1 294 42 through-going 5 197 23 9.06 Smm yes CaCOy
1 5 2 294 62 through-going 73 28.74 23 9.06 3mm yes CaCOy

Table 2. Outcrop Station #1 Fracture Data. Average strike/dip of fractures 234°/63°. Set 2 average strike/dip of fractures 60°/76°.
within bed 1and 100% of fractures within bed 5 are through-going fractures.

75% of fractures
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Table 3

Outcrop Station 2 Bedding Data
Staticr._ Bed  Rock Type  Swike  Dip
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Table 4

Table 6
Outcrop Station #3 Fracture Data.

L8 = limestanc, *CV ‘coefflelznt o7vadierion) = sundard deviztier. of fracoure spacing/mesr: “racrure spaclag

Station Bed Fracture Strike Dip Bed Boundedness Spacing (¢cm) (in) Height (cm) (in) Aperture Width  Filled? Mineral

3 1 1 240 75 through-going 62 24.41 60 23.62 submm no

3 1 2 240 75 bed-confined 65 25.59 27 10.63 sub mm yes CaC04
3 1 3 10 75 bed-bound 10 3.94 52 20.47 sub mm yes CaCOy
3 2 1 80 60 through-going 3 118 21 8.27 2cm no "

3 2 2 240 12 bed-confined 10 394 29 11.42 2cm yes CaCO4
3 2 3 320 87 through-going 70 27.56 26 10.24 lcm no -

3 2 4 240 70 bed-bound v 2.76 21 8.27 sub mm yes CaCOy
3 3 1 80 80 through-going 20 7.87 15 591 sub mm no -

3 3 2 234 82 bed-confined 31 12.20 15 591 imm yes CaCOy
3 3 3 320 87 through-going 22 8.66 12 4.72 sub mm no -

3 3 4 240 85 through-going 40 15.75 28 11.02 1mm yes CaCO4
3 4 1 260 80 through-going 23 9.06 43 16.93 1cm yes CaC0y
3 4 2 165 80 bed-confined 26 10.24 36 1417 sub mm yes CaCOy
3 4 3 320 60 through-going 9 3.54 80 31.50 1mm no -

3 4 4 240 40 through-going 65 25.59 55 21.65 sub mm yes CaCOy
3 5 1 350 70 bed-bound 16 6.30 50 19.69 sub mm yes CaCOy
3 5 2 260 89 through-going 8 3.15 50 19.69 1cm yes CaC0y
3 5 3 70 70 bed-confined 40 15.75 18 7.09 sub mm yes CaCOy
3 5 4 240 79 through-going 32 12.60 53 20.87 sub mm no -

3 5 5 360 72 bed-bound 70 27.56 50 19.69 1mm yes CaCOy

Table 7
Outerep Station #4 Eedding Data

Table 6. Outcrop Station #3 Fracture Data. These fractures can be divided into two sets. Set 1 average strike/dip of fractures 266°/70°. Set 2 average
strike/dip of fractures 60°/71°. 75% of fractures within beds 3 & 4 are through-going fractures.

Bed 2%(%Ca/0.7147) (%Si/0.4675) 5*(%Al/0.5920)
1 58.74 13.96 27.30
2 69.13 16.23 14.65
3 61.60 9.75 28.65
4 54.27 11.33 34.40
5 75.63 13.47 10.90

2*(%Ca/0.7147) (%Si/0.4675) 5*(%Al/0.5920)
67.67 14.12 18.21
46.91 28.81 24.28
56.45 23.82 19.72
52.25 18.75 29.00

2%(%Ca/0.7147) (%Si/0.4675) 5%(%Al1/0.5920)
11.95 32.88 22.16
43.59 13.77 4264
84.77 9.70 5.54
62.15 21.05 16.79
56.53 23.86 19.61

2%(%Ca/0.7147) (%Si/0.4675) 5*(%Al/0.5920)
85.07 8.92 6.01
52.62 29.64 17.74

88.51 7.90 3.59
42.53 2%(%Ca/0.7147)
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- station  Led  Hock'Ivpe Strike  Dip Seaniine Lergth [em]  [in]  Thickness [em] (in) Mediar Uracture Spacirg [cm)  [in]  Mear CractureSpacing [cm)  (n)  Fracture dersity [
Outcrop Station #2 Fracture Data. “ 1 IS 12010 10emfremean othed 15000 59.06 2000 7a7 4050 ni 4650 1331 ani3 120
Station Bed Fracture Strike Dip Bed Boundedness  Spacing(cm)  (in)  Height(cm)  (in)  Aperture Width  Filled? = Mineral K 2 Marl 120 10 Sicmfromiopofbed 18000 7087 7500 26,52 500 197 1425 Bé1 0044 14
& 2 15 120 £ 7mfrmm top of bed 180.00 7087 15.00 591 ZR.00N mn.z1 L) (30 0022 073
2 1 1 239 80 through-going 14 551 12 472 sub mm yes CaC0y % 1 Marl 120 Y dlemirsmtopotbed  1WU.OU 0B 70.00 5% ETn) 1575 4133 1527 0.017 0.
2 1 2 240 80 bed-confined 44 17.32 12 472 sub mm yes CaCOy T8 = Timestone, "CV [voeie =nt of v riarian] = atsadard der tion of frachiee 2pesing/mes r “memee snaring
2 1 3 240 80  through-going 80 31.50 27 10.63 submm yes CaC0;y Table 8
2 1 4 60 90 through-going 30 11.81 28 11.02 3mm yes CaCO;y Outcrop Station #4 Fracture Data.
2 2 1 240 40 through-going 20 7.87 28 11.02 sub mm no “ Station Bed Fracture Strike Dip Bed Boundedness Spacing (cm) (in) Height (cm) (in) Aperture Width  Filled? Mineral
2 2 2 240 70 bed-confined 10 394 40 15.75 sub mm no - 4 1 1 80 70 bed-bound 86 33.86 20 7.87 1mm no
2 2 3 40 81 bed-bound 80 31.50 50 19.69 submm no - 4 1 2 80 75  through-going 7 2.76 24 945 1mm no z
2 2 4 60 77 bed-bound 27 10.63 50 19.69 1mm yes CaCOy 4 2 i L 100 70 bed-confined 45 17.72 74 29.13 sub mm yes CaC04y
2 2 5 240 70 bed-confined 12 472 13 5.12 sub mm yes CaCo; 4 2 2 115 65 bed-confined 2 0.79 10 3.94 sub mm yes CaCOy
2 2 6 240 70 bed-confined 10 394 36 1417 sub mm yes CaCO; 4 2 3 110 85 bed-confined 5 197 50 19.69 imm yes CaCOy
2 2 7 240 73 bed-bound 5 197 16 6.30 sub mm yes CaCOy 4 2 4 97 87 through-going 5 197 23 9.06 1mm yes CaCOy
2 2 8 240 75 bed-confined 6 2.36 42 16.54 sub mm yes CaCOy 4 2 5 115 84 through-going 14 5.51 64 25.20 sub mm yes CaCOy
2 2 9 220 75 through-going 6 2.36 50 19.69 2mm yes CaCO0; 4 2 6 320 25 through-going 58 22.83 12 472 submm no s
2 3 1 40 60 bed-confined 30 11.81 66 25.98 1mm no - 4 2 7 115 84 bed-confined 38 14.96 12 4.72 sub mm no
2 3 2 39 68 bed-confined 11 4.33 33 12.99 sub mm no - 4 2 8 100 76 through-going 9 3.54 35 13.78 1mm yes CaC04
2 3 3 210 87 bed-confined 27 10.63 34 13.39 sub mm no - 4 3 1 80 82 bed-confined 7 2.76 15 591 2mm no -
2 3 4 0 81 bed-bound 64 25.20 82 32.28 1mm no - 4 3 2 100 89 through-going 10 394 13 512 1mm yes CaC04
2 4 1 10 78 bed-bound 3 118 42 16.54 sub mm no - 4 3 3 100 88 through-going 67 26.38 13 512 sub mm yes CaCO04
2 4 2 20 89 bed-bound 12 472 42 16.54 submm no z 4 3 4 100 70  through-going 41 16.14 15 591 imm yes CaCOs4
2 4 3 220 82 bed-confined 56 22.05 17 6.69 1mm no 4 4 1 3 70 bed-confined 34 13.39 20 7.87 sub mm no
2 4 4 40 76 bed-bound 47 18.50 42 16.54 submm no = 4 4 2 99 89  through-going 40 15.75 70 27.56 submm yes CaC0;
2 4 5 350 77 [throughigoing 2 1142 70 27:0a ma i - 4 4 3 35 62  through-going 50 19.69 40 15.75 2mm yes CaC04
2 4 6 60 89 bed-bound 23 9.06 42 16.54 sub mm no -
Table 8. Outcrop Station #4 Fracture Data. These fractures can be divided into two sets. Set 1 average strike/dip of fractures 128°/74°. Set 2 average
strike/dip of fractures 60°/76°. 50% of fractures within beds 1 & 2, 66% of fractures within bed 4, and 75% of fractures within bed 3 are through-going
Table 4. Outcrop Station #2 Fracture Data. These fractures can be divided into two sets. Set 1 average strike/dip of fractures 251°/71°. Set 2 average fractures.
strike/dip of fractures 41°/79°, 75% of fractures within bed 1 are through-going fractures.
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Figure12 A-D: Stereonet data of fractures
for outcrop stations 1-4 (A-D

respectively).
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(%Si) shows no tnd(B), whereas UCS vs clay (%Al) shows a

negative correlation (C).

Analysis

strength of the rock increases as calcite
content increase and clay content decreases.
Additionally, the dimpler method showed a
stronger correlation with elemental data
than the Bambino. The Bambino requires a
relatively smooth surface to take
measurements on while the dimpler does
not. This could be one reason for the
difference in UCS values (14 A, B, & C).

Figure 16: Stereonet displaying the orientation of both sets
of fractures with inferred paleostress directions.

Conclusions

e Though previous studies suggest the nature of bed-to-bed transitions, gradational or abrupt, affect the vertical persistence of fractures. data produced in this study show
little difference in the frequency of through-going fractures when the layer interface is gradual or abrupt within limestone-to-marl transitions. However, when the interface
is composed of thin ash beds, there is a marked decrease in the frequency of through-going fractures.
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