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Peppe et al., Figure DR2
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Peppe et al., Figure DR3
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Peppe et al., Figure DR4
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DATA REPOSITORY FIGURES 
Figure DR1: Stratigraphic cross section showing key lithostratigraphic sections in southwestern 
North Dakota arranged southwest to northeast. * indicates magnetostratigraphic sections. Width 
of lithologic beds represents grain size. Stratigraphic thickness and geographic location of each 
magnetostratigraphic section in Table S1. 
Figure DR2: (A) A backscattered electron image of a typical magnetic grain (shown by arrow) 
from sample P04MM08A. (B) A typical energy dispersive spectra for the same sample. 
Figure DR3: Anhysteretic remanent magnetization (ARM) acquisition curves, determined in a 
100 mT alternating magnetic field and normalized by the isothermal remanent magnetization 
(IRM) imparted in a 100 mT magnetic field. HDC is the biasing field of the ARM acquisition. 
The upper dashed line (MB) shows the reference curve of the magnetotactic bacterium 
Magnetospirillium magneticum AMB-1, while the lower dotted line (CT) shows the reference 
curve for highly interacting single domain magnetite in a chiton tooth. Solid lines show typical 
behavior for (A) carbonaceous shale, (B) siltstone, and (C) sandstone. All samples manifest 
moderate magnetic interaction, with slightly weaker interaction in shale samples. 
Figure DR4: Typical magnetic hysteresis loops measured from samples P05LB06E, a 
carbonaceous siltstone (A), and P05LB08B a sandstone, (B). The plots at the left show the full 
loops before (1) and after (2) paramagnetic slope correction. The plot at the right shows the 
central parts of the loops. (C) Magnetic hysteresis properties on the Day plot (Day et al., 1977). 
Also shown are mixture models (SD-SP and SD-MD) and SP saturation envelope from Dunlop 
(2002). Abbreviations are Hc, coercivity; Hcr, coercivity of remanence; Mrs, saturation 
remanence; Ms, saturation magnetization; SD, single domain; PSD, pseudo-single domain; MD, 
multidomain; SP, superparamagnetic. 
 



                   TABLE DR1. Stratigraphic thickness and geographic location
                                 of each paleomagnetic section

Section name
Site  
number

Stratigraphic 
thickness (m) Location (UTM, NAD 27)

Bald Butte 05-40 42.83 13T 0578264, 5131536
Never-ending Butte 04-15 77.01 13T 0578333, 5145250
John's Nose 04-01 29.96 13T 0582556, 5142710
Upper John's Nose 04-04 12.37 13T 0582438, 5142841
Lonesome Bull 04-30 64.73 13T 0587537, 5151496
Bug Butte 05-06 86.66 13T 0587745, 5151911
Three V Butte 05-33 38.46 13T 0589159, 5153294
Three V Amphitheater 05-14 59.19 13T 0592067, 5155341
Far Butte 05-19 62.68 13T 0595583, 5158626
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                             Table DR2. Stratigraphic position of polarity zone boundary. 

Section name
Site  

number
Sample 
number

Sample to 
HC-FU 
contact 

(m)*

Chron 
boundary to

formation 
contact (m)

 
Error 
(m)

Chron 
boundary

Magnetic 
zone 
boundary

Bald Butte 05-40 lower P05BA05 -20.55 -25.75 5.25 30n - 29r A+ - B-
upper P05BA08 -31.00

Never-ending Butte 04-15 lower P04NB10 20.89 22.44 1.55 29r - 29n B- - B+
upper P04NB11 23.99

John's Nose 04-01 lower P04MM21 20.00 21.5 1.50 29r - 29n B- - B+
upper P04MM24 23.00

Upper John's Nose 04-04 lower P04UM04 26.00 27 1.00 29r - 29n B- - B+
upper P04UM06 28.00

Lonesome Bull 04-30 lower P04LB03 72.37 76.55 4.18 29n - 28r B+ - C-
upper P04LB04 80.72

Bug Butte 05-06 lower P05BB03 69.17 70.92 1.75 29n - 28r B+ - C-
upper P05BB04 72.67

Lonesome Bull 04-30 lower P04LB09 123.20 124.21 1.01 28r - 28n C- - C+
upper P04LB10 125.21

Bug Butte 05-06 lower P05BB15 118.42 119.12 0.70 28r - 28n C- - C+
upper P05BB16 119.82

Three V Butte 05-33 lower P05VB07 125.59 129.515 3.93 28r - 28n C- - C+
upper P05VB08 133.44

Far Butte 05-19 lower P05FB07 194.66 195.56 0.90 28n - 27r C+ - D-
upper P05FB09 196.46

   * HC is Hell Creek Formation, FU is Fort Union Formation.
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                                        TABLE DR3. Paleomagnetic data for each sample used in polarity determination. 

Section name
Field 
number Formation Member

Stratigraphic 
level (section) 
(meters)

Stratigraphic 
level 
(composite) 
(meters 
above K-T 
boundary)

Sample 
prefix

Sample 
number

Circle, 
Line, or 
Plane GD* GI† MAD§

Bald Butte 05-40 Hell Creek n/a 100 -3745 P05BA 01B line 70 71 13.5
Bald Butte 05-40 Hell Creek n/a 100 -3745 P05BA 01C line 326 36 13.5
Bald Butte 05-40 Hell Creek n/a 100 -3745 P05BA 01D line 360 62 12.5
Bald Butte 05-40 Hell Creek n/a 340 -3505 P05BA 02A line 15 51 6.1
Bald Butte 05-40 Hell Creek n/a 340 -3505 P05BA 02B line 11 68 6.3
Bald Butte 05-40 Hell Creek n/a 340 -3505 P05BA 02C line 352 61 9
Bald Butte 05-40 Hell Creek n/a 505 -3340 P05BA 03B line 11 48 14.5
Bald Butte 05-40 Hell Creek n/a 680 -3165 P05BA 04B line 322 66 8.1
Bald Butte 05-40 Hell Creek n/a 680 -3165 P05BA 04C line 326 35 13.5
Bald Butte 05-40 Hell Creek n/a 745 -3100 P05BA 05B line 24 48 11.6
Bald Butte 05-40 Hell Creek n/a 745 -3100 P05BA 05C line 334 73 16.8
Bald Butte 05-40 Hell Creek n/a 1790 -2055 P05BA 08B circle 29 -13 15.2
Bald Butte 05-40 Hell Creek n/a 1790 -2055 P05BA 08C line 165 -28 19
Bald Butte 05-40 Hell Creek n/a 1970 -1875 P05BA 09A line 127 -32 5.3
Bald Butte 05-40 Hell Creek n/a 1970 -1875 P05BA 09B line 335 44 19.1
Bald Butte 05-40 Hell Creek n/a 1970 -1875 P05BA 09D line 175 -63 9.1
Bald Butte 05-40 Hell Creek n/a 2975 -870 P05BA 11A circle 130 1 0.6
Bald Butte 05-40 Hell Creek n/a 3125 -720 P05BA 13A circle 21 -34 16.3
Bald Butte 05-40 Hell Creek n/a 3125 -720 P05BA 13B circle 75 -31 17.1
Bald Butte 05-40 Hell Creek n/a 3125 -720 P05BA 13C circle 83 -20 15.4
Bald Butte 05-40 Hell Creek n/a 3205 -640 P05BA 14C circle 108 56 16.2
Bald Butte 05-40 Hell Creek n/a 3255 -590 P05BA 15C line 63 56 7.6
Bald Butte 05-40 Hell Creek n/a 3370 -475 P05BA 16A line 147 -48 8.6
Bald Butte 05-40 Hell Creek n/a 3370 -475 P05BA 16B line 185 -42 18.8
Bald Butte 05-40 Hell Creek n/a 3370 -475 P05BA 16C circle 50 17 15
Bald Butte 05-40 Hell Creek n/a 3435 -410 P05BA 17A line 1 45 10.4
Bald Butte 05-40 Hell Creek n/a 3435 -410 P05BA 17C line 309 -69 9.9
Bald Butte 05-40 Hell Creek n/a 3435 -410 P05BA 17D circle 59 18 5.6
Bald Butte 05-40 Hell Creek n/a 3655 -190 P05BA 19A line 206 -31 9
Bald Butte 05-40 Hell Creek n/a 3655 -190 P05BA 19D plane 209 61 14.3
Bald Butte 05-40 Hell Creek n/a 3745 -100 P05BA 20C circle 360 -5 5.6
Bald Butte 05-40 Hell Creek n/a 3745 -100 P05BA 20D line 161 -29 16.3
John's Nose  04-01 Hell Creek n/a 0 -1 P04MM 00D circle 86 -5 8.5
John's Nose  04-01 Hell Creek n/a 0 -1 P04MM 00B circle 63 -14 9.6
John's Nose  04-01 Fort Union Ludlow 3 2 P04MM 03A line 149 -35 7.6
John's Nose  04-01 Fort Union Ludlow 3 2 P04MM 03B line 159 -41 8.8
John's Nose  04-01 Fort Union Ludlow 3 2 P04MM 03C line 190 -40 4.1
John's Nose  04-01 Fort Union Ludlow 6 5 P04MM 06A line 63 85 15.2
John's Nose  04-01 Fort Union Ludlow 6 5 P04MM 06D line 156 66 10.8
John's Nose  04-01 Fort Union Ludlow 9 8 P04MM 09A line 86 -54 13.2
John's Nose  04-01 Fort Union Ludlow 9 8 P04MM 09B circle 317 -18 16.8
John's Nose  04-01 Fort Union Ludlow 9 8 P04MM 09D line 352 -84 1.6
John's Nose  04-01 Fort Union Ludlow 12 11 P04MM 12B line 127 -50 4
John's Nose  04-01 Fort Union Ludlow 12 11 P04MM 12D circle 320 2 7.3
John's Nose  04-01 Fort Union Ludlow 16 15 P04MM 16A circle 85 -17 11.3
John's Nose  04-01 Fort Union Ludlow 16 15 P04MM 16B circle 109 -24 13.4
John's Nose  04-01 Fort Union Ludlow 16 15 P04MM 16D line 161 -60 19.7
John's Nose  04-01 Fort Union Ludlow 18 17 P04MM 18A circle 90 -6 10.5
John's Nose  04-01 Fort Union Ludlow 18 17 P04MM 18B line 180 -70 7.9
John's Nose  04-01 Fort Union Ludlow 18 17 P04MM 18C line 172 -59 16.8
John's Nose  04-01 Fort Union Ludlow 21 20 P04MM 21A line 160 -25 12.8
John's Nose  04-01 Fort Union Ludlow 24 23 P04MM 24A line 331 74 8.4
John's Nose  04-01 Fort Union Ludlow 24 23 P04MM 24B line 357 72 7.2
John's Nose  04-01 Fort Union Ludlow 24 23 P04MM 24C line 113 71 16.4
John's Nose  04-01 Fort Union Ludlow 27 26 P04MM 27B circle 225 52 17.2
John's Nose  04-01 Fort Union Ludlow 27 26 P04MM 27C line 313 38 5.9
Upper John's Nose  04-02 Fort Union Ludlow 0 22 P04UM 00A circle 113 22 19.5
Upper John's Nose  04-02 Fort Union Ludlow 0 22 P04UM 00B circle 326 -27 15.8
Upper John's Nose  04-02 Fort Union Ludlow 0 22 P04UM 00C line 1 29 3.8
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Upper John's Nose  04-02 Fort Union Ludlow 4 26 P04UM 04A line 126 -40 15
Upper John's Nose  04-02 Fort Union Ludlow 4 26 P04UM 04A line 144 -26 30.6
Upper John's Nose  04-02 Fort Union Ludlow 4 26 P04UM 04B line 319 72 6.9
Upper John's Nose  04-02 Fort Union Ludlow 4 26 P04UM 04C line 336 29 15.3
Upper John's Nose  04-02 Fort Union Ludlow 4 26 P04UM 04C circle 169 57 16.3
Upper John's Nose  04-02 Fort Union Ludlow 6 28 P04UM 06B line 243 59 7.2
Upper John's Nose  04-02 Fort Union Ludlow 6 28 P04UM 06C line 359 75 3.9
Upper John's Nose  04-02 Fort Union Ludlow 12 34 P04UM 12B circle 14 16 15.1
Upper John's Nose  04-02 Fort Union Ludlow 12 34 P04UM 12C line 312 46 15.1
Never-ending Butte   05-15 Fort Union Ludlow 565 -52 P04NB 01A plane 132 18 15.2
Never-ending Butte   05-15 Fort Union Ludlow 565 -52 P04NB 01C plane 31 -37 19.3
Never-ending Butte   05-15 Fort Union Ludlow 565 -52 P04NB 01C circle 201 54 19.6
Never-ending Butte   05-15 Fort Union Ludlow 785 168 P04NB 02B line 134 -53 12.6
Never-ending Butte   05-15 Fort Union Ludlow 785 168 P04NB 02C line 158 -44 12
Never-ending Butte   05-15 Fort Union Ludlow 1034 417 P04NB 03A line 84 -59 9.3
Never-ending Butte   05-15 Fort Union Ludlow 1034 417 P04NB 03B line 108 -63 5.4
Never-ending Butte   05-15 Fort Union Ludlow 1214 597 P04NB 04A plane 209 62 10.5
Never-ending Butte   05-15 Fort Union Ludlow 1214 597 P04NB 04C line 191 -28 22.2
Never-ending Butte   05-15 Fort Union Ludlow 1214 597 P04NB 04C plane 268 40 9.5
Never-ending Butte   05-15 Fort Union Ludlow 1214 597 P04NB 04C circle 87 -41 18.8
Never-ending Butte   05-15 Fort Union Ludlow 1364 747 P04NB 05C plane 109 -35 5
Never-ending Butte   05-15 Fort Union Ludlow 1364 747 P04NB 05C plane 60 -32 15.2
Never-ending Butte   05-15 Fort Union Ludlow 1364 747 P04NB 05C circle 63 -32 13.9
Never-ending Butte   05-15 Fort Union Ludlow 1544 927 P04NB 06C line 110 2 14.5
Never-ending Butte   05-15 Fort Union Ludlow 1634 1017 P04NB 07A line 118 -72 4.8
Never-ending Butte   05-15 Fort Union Ludlow 1634 1017 P04NB 07B line 60 -87 3.7
Never-ending Butte   05-15 Fort Union Ludlow 1634 1017 P04NB 07C line 132 -83 3.5
Never-ending Butte   05-15 Fort Union Ludlow 2068 1451 P04NB 08A plane 119 -17 12
Never-ending Butte   05-15 Fort Union Ludlow 2068 1451 P04NB 08C line 110 -42 16
Never-ending Butte   05-15 Fort Union Ludlow 2618 2001 P04NB 09A line 154 -47 6.6
Never-ending Butte   05-15 Fort Union Ludlow 2618 2001 P04NB 09B line 140 -46 7.8
Never-ending Butte   05-15 Fort Union Ludlow 2618 2001 P04NB 09C line 136 -33 3.4
Never-ending Butte   05-15 Fort Union Ludlow 2706 2089 P04NB 10A plane 333 -8 17.1
Never-ending Butte   05-15 Fort Union Ludlow 2706 2089 P04NB 10B plane 119 9 15.1
Never-ending Butte   05-15 Fort Union Ludlow 2706 2089 P04NB 10B circle 112 16 12
Never-ending Butte   05-15 Fort Union Ludlow 2706 2089 P04NB 10C circle 40 -19 18.5
Never-ending Butte   05-15 Fort Union Ludlow 2706 2089 P04NB 10C plane 41 -15 18.4
Never-ending Butte   05-15 Fort Union Ludlow 3016 2399 P04NB 11B line 61 59 7.9
Never-ending Butte   05-15 Fort Union Ludlow 3016 2399 P04NB 11C line 33 63 8.3
Never-ending Butte   05-15 Fort Union Ludlow 3016 2399 P04NB 11C line 47 62 11.6
Never-ending Butte   05-15 Fort Union Ludlow 3150 2533 P04NB 12A line 15 40 10.3
Never-ending Butte   05-15 Fort Union Ludlow 3150 2533 P04NB 12B line 360 27 16.6
Never-ending Butte   05-15 Fort Union Ludlow 3150 2533 P04NB 12C line 334 71 18.9
Never-ending Butte   05-15 Fort Union Ludlow 3470 2853 P04NB 13B line 340 65 10.1
Never-ending Butte   05-15 Fort Union Ludlow 3470 2853 P04NB 13C line 336 60 6.1
Never-ending Butte   05-15 Fort Union Ludlow 4586 3969 P04NB 14B line 336 45 10.8
Never-ending Butte   05-15 Fort Union Ludlow 4586 3969 P04NB 14C line 313 61 4.9
Never-ending Butte   05-15 Fort Union Ludlow 5443 4826 P04NB 15A line 333 62 16.1
Never-ending Butte   05-15 Fort Union Ludlow 6536 5919 P04NB 16A line 345 49 12.9
Never-ending Butte   05-15 Fort Union Ludlow 6998 6381 P04NB 17A line 355 69 6.6
Lonesome Bull  04-30 Fort Union Ludlow 30 6530 P04LB 01A plane 26 4 8.6
Lonesome Bull  04-30 Fort Union Ludlow 30 6530 P04LB 01A line 299 33 5.8
Lonesome Bull  04-30 Fort Union Ludlow 265 6765 P04LB 02A line 324 58 7.3
Lonesome Bull  04-30 Fort Union Ludlow 265 6765 P04LB 02B line 27 64 6.5
Lonesome Bull  04-30 Fort Union Ludlow 265 6765 P04LB 02C line 327 49 3
Lonesome Bull  04-30 Fort Union Ludlow 737 7237 P04LB 03A plane 51 30 13.1
Lonesome Bull  04-30 Fort Union Ludlow 737 7237 P04LB 03B plane 344 3 15.6
Lonesome Bull  04-30 Fort Union Ludlow 737 7237 P04LB 03C line 293 45 13.3
Lonesome Bull  04-30 Fort Union Ludlow 1572 8072 P04LB 04A line 89 -86 5.6
Lonesome Bull  04-30 Fort Union Ludlow 1572 8072 P04LB 04B line 111 -42 3.6
Lonesome Bull  04-30 Fort Union Ludlow 1572 8072 P04LB 04C line 90 -44 4.1
Lonesome Bull  04-30 Fort Union Ludlow 1624 8124 P05LB 01A line 65 50 14.4
Lonesome Bull  04-30 Fort Union Ludlow 1624 8124 P05LB 01B line 1 57 10.8
Lonesome Bull  04-30 Fort Union Ludlow 1624 8124 P05LB 01C plane 55 -22 19.9
Lonesome Bull  04-30 Fort Union Ludlow 1624 8124 P05LB 01C line 6 65 9.6
Lonesome Bull  04-30 Fort Union Ludlow 1654 8154 P05LB 02A line 26 63 6.1
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Lonesome Bull  04-30 Fort Union Ludlow 1654 8154 P05LB 02B line 29 51 17.5
Lonesome Bull  04-30 Fort Union Ludlow 1654 8154 P05LB 02D line 58 51 16.5
Lonesome Bull  04-30 Fort Union Ludlow 2384 8884 P04LB 05A line 336 66 7.1
Lonesome Bull  04-30 Fort Union Ludlow 2384 8884 P04LB 05B plane 115 13 14.9
Lonesome Bull  04-30 Fort Union Ludlow 2384 8884 P04LB 05C line 335 64 11.9
Lonesome Bull  04-30 Fort Union Ludlow 2384 8884 P04LB 05C plane 79 0 24.6
Lonesome Bull  04-30 Fort Union Ludlow 2384 8884 P04LB 05C line 348 64 8.4
Lonesome Bull  04-30 Fort Union Ludlow 3986 10486 P04LB 06A plane 135 23 7.8
Lonesome Bull  04-30 Fort Union Ludlow 3986 10486 P04LB 06B line 300 44 11.4
Lonesome Bull  04-30 Fort Union Ludlow 3986 10486 P04LB 06B plane 356 -20 18.1
Lonesome Bull  04-30 Fort Union Ludlow 3986 10486 P04LB 06C line 13 59 16.1
Lonesome Bull  04-30 Fort Union Ludlow 4523 11023 P04LB 07A line 20 73 2.5
Lonesome Bull  04-30 Fort Union Ludlow 4523 11023 P04LB 07B line 327 72 5.6
Lonesome Bull  04-30 Fort Union Ludlow 4523 11023 P04LB 07B line 331 73 3.9
Lonesome Bull  04-30 Fort Union Ludlow 4650 11150 P05LB 03A plane 35 10 17.8
Lonesome Bull  04-30 Fort Union Ludlow 4650 11150 P05LB 03A plane 35 -11 13.6
Lonesome Bull  04-30 Fort Union Ludlow 4650 11150 P05LB 03B plane 12 -39 17.8
Lonesome Bull  04-30 Fort Union Ludlow 4650 11150 P05LB 03C plane 48 -17 17.6
Lonesome Bull  04-30 Fort Union Ludlow 4752 11252 P05LB 04A line 214 -48 3.4
Lonesome Bull  04-30 Fort Union Ludlow 4752 11252 P05LB 04B line 183 -42 5.5
Lonesome Bull  04-30 Fort Union Ludlow 4824 11324 P05LB 05A plane 129 27 9.2
Lonesome Bull  04-30 Fort Union Ludlow 4825 11325 P05LB 05B plane 109 9 9.3
Lonesome Bull  04-30 Fort Union Ludlow 4824 11324 P05LB 05C plane 46 -32 22
Lonesome Bull  04-30 Fort Union Ludlow 4869 11369 P05LB 06B line 214 50 17.1
Lonesome Bull  04-30 Fort Union Ludlow 4869 11369 P05LB 06B plane 353 -5 22.1
Lonesome Bull  04-30 Fort Union Ludlow 4869 11369 P05LB 06C line 297 37 15
Lonesome Bull  04-30 Fort Union Ludlow 5277 11777 P05LB 07A plane 141 47 10.8
Lonesome Bull  04-30 Fort Union Ludlow 5277 11777 P05LB 07C plane 327 12 15
Lonesome Bull  04-30 Fort Union Ludlow 5277 11777 P05LB 07C plane 121 19 2.1
Lonesome Bull  04-30 Fort Union Ludlow 5442 11942 P05LB 08A plane 116 10 16.5
Lonesome Bull  04-30 Fort Union Ludlow 5436 11936 P04LB 08A line 267 -72 3.4
Lonesome Bull  04-30 Fort Union Ludlow 5436 11936 P04LB 08C line 215 -44 6
Lonesome Bull  04-30 Fort Union Ludlow 5820 12320 P04LB 09A plane 230 59 7.3
Lonesome Bull  04-30 Fort Union Ludlow 5820 12320 P04LB 09A plane 47 -38 11.5
Lonesome Bull  04-30 Fort Union Ludlow 5820 12320 P04LB 09B plane 131 -10 15.9
Lonesome Bull  04-30 Fort Union Ludlow 5820 12320 P04LB 09C line 147 -84 2.4
Lonesome Bull  04-30 Fort Union Ludlow 6021 12521 P04LB 10A line 327 71 5.3
Lonesome Bull  04-30 Fort Union Ludlow 6021 12521 P04LB 10B line 247 80 15.4
Lonesome Bull  04-30 Fort Union Ludlow 6398 12898 P04LB 11A line 327 37 8.3
Lonesome Bull  04-30 Fort Union Ludlow 6398 12898 P04LB 11B line 18 59 8.1
Lonesome Bull  04-30 Fort Union Ludlow 6398 12898 P04LB 11C plane 93 -2 6.9
Bug Butte  05-06 Fort Union Ludlow 0 6807 P05BB 01A line 347 41 3.2
Bug Butte  05-06 Fort Union Ludlow 0 6807 P05BB 01B line 293 38 10.1
Bug Butte  05-06 Fort Union Ludlow 0 6807 P05BB 01C line 326 73 8.1
Bug Butte  05-06 Fort Union Ludlow 60 6867 P05BB 02A plane 301 -30 16.9
Bug Butte  05-06 Fort Union Ludlow 60 6867 P05BB 02A plane 134 27 3.4
Bug Butte  05-06 Fort Union Ludlow 60 6867 P05BB 02B line 341 67 3.7
Bug Butte  05-06 Fort Union Ludlow 60 6867 P05BB 02C line 10 59 4.4
Bug Butte  05-06 Fort Union Ludlow 110 6917 P05BB 03A plane 82 -16 20.3
Bug Butte  05-06 Fort Union Ludlow 110 6917 P05BB 03A line 14 48 3.1
Bug Butte  05-06 Fort Union Ludlow 460 7267 P05BB 04A plane 83 -15 11.8
Bug Butte  05-06 Fort Union Ludlow 460 7267 P05BB 04B line 124 -45 6.4
Bug Butte  05-06 Fort Union Ludlow 460 7267 P05BB 04C plane 69 0 5.4
Bug Butte  05-06 Fort Union Ludlow 580 7387 P05BB 05A line 150 -73 8.1
Bug Butte  05-06 Fort Union Ludlow 580 7387 P05BB 05A line 141 -73 2.2
Bug Butte  05-06 Fort Union Ludlow 580 7387 P05BB 05B line 139 -73 10.5
Bug Butte  05-06 Fort Union Ludlow 580 7387 P05BB 05C line 142 -83 8.1
Bug Butte  05-06 Fort Union Ludlow 1080 7887 P05BB 06A plane 127 8 10.6
Bug Butte  05-06 Fort Union Ludlow 1080 7887 P05BB 06B line 58 -70 15.1
Bug Butte  05-06 Fort Union Ludlow 1080 7887 P05BB 06C plane 128 -8 8.6
Bug Butte  05-06 Fort Union Ludlow 1455 8262 P05BB 07A line 171 -62 13.5
Bug Butte  05-06 Fort Union Ludlow 1455 8262 P05BB 07B line 85 -69 13.6
Bug Butte  05-06 Fort Union Ludlow 1455 8262 P05BB 07C line 217 -67 6.2
Bug Butte  05-06 Fort Union Ludlow 1535 8342 P05BB 23B plane 66 -30 19.8
Bug Butte  05-06 Fort Union Ludlow 1535 8342 P05BB 23C line 14 46 7
Bug Butte  05-06 Fort Union Ludlow 1945 8752 P05BB 08A line 76 61 15.3
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Bug Butte  05-06 Fort Union Ludlow 1945 8752 P05BB 08B line 5 53 2.1
Bug Butte  05-06 Fort Union Ludlow 1945 8752 P05BB 08C line 11 60 5.5
Bug Butte  05-06 Fort Union Ludlow 3840 10647 P05BB 09A line 349 -85 7.5
Bug Butte  05-06 Fort Union Ludlow 3840 10647 P05BB 09A line 333 -80 5.7
Bug Butte  05-06 Fort Union Ludlow 4400 11207 P05BB 10A line 33 -75 19.4
Bug Butte  05-06 Fort Union Ludlow 4400 11207 P05BB 10B plane 28 -33 17.1
Bug Butte  05-06 Fort Union Ludlow 4400 11207 P05BB 10D line 12 56 5
Bug Butte  05-06 Fort Union Ludlow 4525 11332 P05BB 11A line 130 78 8.8
Bug Butte  05-06 Fort Union Ludlow 4590 11397 P05BB 12A plane 105 48 19.3
Bug Butte  05-06 Fort Union Ludlow 4590 11397 P05BB 12A plane 31 -31 26.3
Bug Butte  05-06 Fort Union Ludlow 4590 11397 P05BB 12D plane 141 47 2.9
Bug Butte  05-06 Fort Union Ludlow 4790 11597 P05BB 13A line 315 61 2.6
Bug Butte  05-06 Fort Union Ludlow 4790 11597 P05BB 13D line 80 68 6.4
Bug Butte  05-06 Fort Union Ludlow 4915 11722 P05BB 14A line 172 -64 13.7
Bug Butte  05-06 Fort Union Ludlow 4915 11722 P05BB 14B line 143 -45 5.6
Bug Butte  05-06 Fort Union Ludlow 4915 11722 P05BB 14C line 142 -56 6.1
Bug Butte  05-06 Fort Union Ludlow 5035 11842 P05BB 15B line 145 -56 5.3
Bug Butte  05-06 Fort Union Ludlow 5035 11842 P05BB 15C line 356 55 2.6
Bug Butte  05-06 Fort Union Ludlow 5035 11842 P05BB 15C plane 89 3 19.4
Bug Butte  05-06 Fort Union Ludlow 5035 11842 P05BB 15D line 40 51 7
Bug Butte  05-06 Fort Union Ludlow 5175 11982 P05BB 16B line 277 38 7.6
Bug Butte  05-06 Fort Union Ludlow 5175 11982 P05BB 16D plane 175 53 10.8
Bug Butte  05-06 Fort Union Ludlow 5175 11982 P05BB 16D line 14 36 7.8
Bug Butte  05-06 Fort Union Ludlow 5785 12592 P05BB 17B line 52 61 1.4
Bug Butte  05-06 Fort Union Ludlow 5785 12592 P05BB 17C line 16 44 5.2
Bug Butte  05-06 Fort Union Ludlow 6050 12857 P05BB 18A plane 100 19 12.8
Bug Butte  05-06 Fort Union Ludlow 6050 12857 P05BB 18A line 350 49 8.9
Bug Butte  05-06 Fort Union Ludlow 6050 12857 P05BB 18B line 42 75 2.4
Bug Butte  05-06 Fort Union Ludlow 6050 12857 P05BB 18C line 338 66 5.8
Bug Butte  05-06 Fort Union Ludlow 6120 12927 P05BB 19A line 4 40 4.4
Bug Butte  05-06 Fort Union Ludlow 6120 12927 P05BB 19B plane 94 18 10.8
Bug Butte  05-06 Fort Union Ludlow 6120 12927 P05BB 19C plane 29 4 15.8
Bug Butte  05-06 Fort Union Ludlow 6555 13362 P05BB 20A line 313 29 10.6
Bug Butte  05-06 Fort Union Ludlow 6555 13362 P05BB 20B line 305 34 13
Bug Butte  05-06 Fort Union Ludlow 7545 14352 P05BB 21B line 8 39 8.8
Bug Butte  05-06 Fort Union Ludlow 8010 14817 P05BB 22B line 13 68 6.1
Three V Butte  05-33 Fort Union Ludlow 125 11847 P05VB 02C plane 71 44 11.5
Three V Butte  05-33 Fort Union Ludlow 125 11847 P05VB 02D line 87 -66 8.3
Three V Butte  05-33 Fort Union Ludlow 215 11937 P05VB 03A line 120 -35 9.1
Three V Butte  05-33 Fort Union Ludlow 215 11937 P05VB 03C line 218 -44 7.7
Three V Butte  05-33 Fort Union Ludlow 353 12075 P05VB 04A line 108 -46 8
Three V Butte  05-33 Fort Union Ludlow 353 12075 P05VB 04B plane 64 17 13.8
Three V Butte  05-33 Fort Union Ludlow 434 12156 P05VB 05A line 182 -48 10.1
Three V Butte  05-33 Fort Union Ludlow 434 12156 P05VB 05C line 191 -32 12.9
Three V Butte  05-33 Fort Union Ludlow 434 12156 P05VB 05D plane 21 -41 3.7
Three V Butte  05-33 Fort Union Ludlow 681 12403 P05VB 06C plane 341 -27 14.5
Three V Butte  05-33 Fort Union Ludlow 681 12403 P05VB 06C plane 1 -10 7.1
Three V Butte  05-33 Fort Union Ludlow 681 12403 P05VB 06D line 282 51 9.1
Three V Butte  05-33 Fort Union Ludlow 769 12491 P05VB 07A line 351 33 7
Three V Butte  05-33 Fort Union Ludlow 769 12491 P05VB 07A plane 83 -23 0.8
Three V Butte  05-33 Fort Union Ludlow 769 12491 P05VB 07C line 355 40 10.1
Three V Butte  05-33 Fort Union Ludlow 769 12491 P05VB 07C plane 64 -22 10
Three V Butte  05-33 Fort Union Ludlow 769 12491 P05VB 07C plane 53 -23 16.3
Three V Butte  05-33 Fort Union Ludlow 1554 13276 P05VB 08A line 41 67 9.4
Three V Butte  05-33 Fort Union Ludlow 1554 13276 P05VB 08B line 355 67 7.9
Three V Butte  05-33 Fort Union Ludlow 1554 13276 P05VB 08C line 25 56 8.3
Three V Butte  05-33 Fort Union Ludlow 1679 13401 P05VB 11A line 11 43 4.4
Three V Butte  05-33 Fort Union Ludlow 1679 13401 P05VB 11B line 5 57 2.3
Three V Butte  05-33 Fort Union Ludlow 1679 13401 P05VB 11D line 44 70 2.4
Three V Butte  05-33 Fort Union Ludlow 1774 13496 P05VB 09B plane 343 -36 12
Three V Butte  05-33 Fort Union Ludlow 1774 13496 P05VB 09C line 3 55 3.5
Three V Butte  05-33 Fort Union Ludlow 1774 13496 P05VB 09D line 304 61 9.1
Three V Butte  05-33 Fort Union Ludlow 1889 13611 P05VB 10A line 323 82 7.1
Three V Butte  05-33 Fort Union Ludlow 1889 13611 P05VB 10B line 338 25 5.7
Three V Butte  05-33 Fort Union Ludlow 3187 14909 P05VB 30A line 15 47 8.4
Three V Butte  05-33 Fort Union Ludlow 3277 14999 P05VB 31A line 339 57 7.3
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Three V Butte  05-33 Fort Union Ludlow 3277 14999 P05VB 31A plane 91 14 17.9
Three V Butte  05-33 Fort Union Ludlow 3277 14999 P05VB 31B line 356 52 4.7
Three V Butte  05-33 Fort Union Ludlow 3377 15099 P05VB 32A line 349 50 12.2
Three V Butte  05-33 Fort Union Ludlow 3377 15099 P05VB 32B line 316 52 6.2
Three V Butte  05-33 Fort Union Ludlow 3377 15099 P05VB 32C plane 31 -12 7.8
Three V Butte  05-33 Fort Union Ludlow 3377 15099 P05VB 32C line 15 55 16.1
Three V Butte  05-33 Fort Union Ludlow 3507 15229 P05VB 33A line 341 57 15.1
Three V Butte  05-33 Fort Union Ludlow 3507 15229 P05VB 33C line 344 47 18.4
Three V Butte  05-33 Fort Union Ludlow 3507 15229 P05VB 33D line 344 49 12.4
Three V Amphitheater  05-14 Fort Union Ludlow 90 13871 P05VA 02A line 324 47 5.4
Three V Amphitheater  05-14 Fort Union Ludlow 90 13871 P05VA 02B line 327 54 8
Three V Amphitheater  05-14 Fort Union Ludlow 90 13871 P05VA 02C line 323 41 2.1
Three V Amphitheater  05-14 Fort Union Ludlow 190 13971 P05VA 01A line 333 41 5
Three V Amphitheater  05-14 Fort Union Ludlow 190 13971 P05VA 01B line 318 45 7.8
Three V Amphitheater  05-14 Fort Union Ludlow 190 13971 P05VA 01C line 2 56 3.2
Three V Amphitheater  05-14 Fort Union Ludlow 420 14201 P05VA 03A line 256 -58 6.1
Three V Amphitheater  05-14 Fort Union Ludlow 475 14256 P05VA 04A line 35 41 3.6
Three V Amphitheater  05-14 Fort Union Ludlow 475 14256 P05VA 04B line 9 56 8.8
Three V Amphitheater  05-14 Fort Union Ludlow 475 14256 P05VA 04D line 19 61 4
Three V Amphitheater  05-14 Fort Union Ludlow 565 14346 P05VA 05A line 345 31 4.4
Three V Amphitheater  05-14 Fort Union Ludlow 565 14346 P05VA 05B line 332 67 6.2
Three V Amphitheater  05-14 Fort Union Ludlow 565 14346 P05VA 05C line 273 56 4.4
Three V Amphitheater  05-14 Fort Union Ludlow 675 14456 P05VA 06A line 9 37 6.9
Three V Amphitheater  05-14 Fort Union Ludlow 675 14456 P05VA 06C plane 109 -28 6.6
Three V Amphitheater  05-14 Fort Union Ludlow 675 14456 P05VA 06D line 329 67 6.7
Three V Amphitheater  05-14 Fort Union Ludlow 780 14561 P05VA 07A line 265 47 6
Three V Amphitheater  05-14 Fort Union Ludlow 780 14561 P05VA 07B line 330 63 4.4
Three V Amphitheater  05-14 Fort Union Ludlow 945 14726 P05VA 08A line 12 50 5.2
Three V Amphitheater  05-14 Fort Union Ludlow 945 14726 P05VA 08B line 6 50 3
Three V Amphitheater  05-14 Fort Union Ludlow 945 14726 P05VA 08D line 72 52 5.3
Three V Amphitheater  05-14 Fort Union Ludlow 1055 14836 P05VA 09C line 9 28 6.8
Three V Amphitheater  05-14 Fort Union Ludlow 1055 14836 P05VA 09C plane 94 -10 11.4
Three V Amphitheater  05-14 Fort Union Ludlow 1055 14836 P05VA 09D line 24 46 70
Three V Amphitheater  05-14 Fort Union Ludlow 1127 14908 P05VA 10A line 13 30 5.7
Three V Amphitheater  05-14 Fort Union Ludlow 1127 14908 P05VA 10D plane 101 -28 18.6
Three V Amphitheater  05-14 Fort Union Ludlow 1302 15083 P05VA 11B line 253 70 13.7
Three V Amphitheater  05-14 Fort Union Ludlow 1302 15083 P05VA 11C line 321 38 15.7
Three V Amphitheater  05-14 Fort Union Ludlow 2080 15861 P05VA 12A line 349 56 13.1
Three V Amphitheater  05-14 Fort Union Ludlow 2080 15861 P05VA 12B line 217 74 17.2
Three V Amphitheater  05-14 Fort Union Ludlow 2490 16271 P05VA 14A line 3 63 12.2
Three V Amphitheater  05-14 Fort Union Ludlow 2490 16271 P05VA 14B line 331 77 9.8
Three V Amphitheater  05-14 Fort Union Ludlow 2490 16271 P05VA 14C line 46 76 4.7
Three V Amphitheater  05-14 Fort Union Ludlow 3310 17091 P05VA 17A line 28 49 19
Three V Amphitheater  05-14 Fort Union Ludlow 3310 17091 P05VA 17D line 355 54 4.7
Three V Amphitheater  05-14 Fort Union Ludlow 3375 17156 P05VA 18A line 248 52 5.7
Three V Amphitheater  05-14 Fort Union Ludlow 3375 17156 P05VA 18C line 350 55 10
Three V Amphitheater  05-14 Fort Union Ludlow 3375 17156 P05VA 18D line 300 75 11.5
Three V Amphitheater  05-14 Fort Union Ludlow 3515 17296 P05VA 19C line 226 -47 11
Three V Amphitheater  05-14 Fort Union Ludlow 3705 17486 P05VA 20A line 19 33 19.4
Three V Amphitheater  05-14 Fort Union Ludlow 3750 17531 P05VA 21B line 11 35 3.3
Three V Amphitheater  05-14 Fort Union Ludlow 3750 17531 P05VA 22B line 357 52 4.1
Three V Amphitheater  05-14 Fort Union Ludlow 3925 17706 P05VA 22C line 24 57 5
Three V Amphitheater  05-14 Fort Union Ludlow 3925 17706 P05VA 22D line 15 36 5.5
Three V Amphitheater  05-14 Fort Union Ludlow 4050 17831 P05VA 23A line 4 65 5.4
Three V Amphitheater  05-14 Fort Union Ludlow 4050 17831 P05VA 23B line 349 54 4.7
Three V Amphitheater  05-14 Fort Union Ludlow 4050 17831 P05VA 23C line 328 43 17.1
Far Butte  05-19 Fort Union Ludlow 0 18231 P05FB 01A plane 26 -17 15.1
Far Butte  05-19 Fort Union Ludlow 0 18231 P05FB 01B circle 346 -59 16.9
Far Butte  05-19 Fort Union Ludlow 1015 19246 P05FB 05B line 340 73 14.4
Far Butte  05-19 Fort Union Ludlow 1015 19246 P05FB 05C plane 12 -39 16.4
Far Butte  05-19 Fort Union Ludlow 1015 19246 P05FB 05D line 9 48 14.1
Far Butte  05-19 Fort Union Ludlow 1140 19371 P05FB 06C line 60 63 10.7
Far Butte  05-19 Fort Union Ludlow 1140 19371 P05FB 06C line 43 75 15.3
Far Butte  05-19 Fort Union Ludlow 1235 19466 P05FB 07C line 272 42 15.5
Far Butte  05-19 Fort Union Ludlow 1235 19466 P05FB 07D circle 122 0 12.7
Far Butte  05-19 Fort Union Ludlow 1415 19646 P05FB 09D line 173 -49 16.3
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Far Butte  05-19 Fort Union Ludlow 1475 19706 P05FB 10B line 320 63 17.1
Far Butte  05-19 Fort Union Ludlow 2162 20393 P05FB 11C plane 52 0 16.6
Far Butte  05-19 Fort Union Ludlow 2242 20473 P05FB 12A line 161 -39 5.6
Far Butte  05-19 Fort Union Ludlow 2242 20473 P05FB 12B line 201 -30 14.9
Far Butte  05-19 Fort Union Ludlow 2242 20473 P05FB 12D circle 48 4 9.4
Far Butte  05-19 Fort Union Tongue River 2332 20563 P05FB 13C line 322 -81 11.4
Far Butte  05-19 Fort Union Tongue River 2397 20628 P05FB 14B line 285 -70 17.3
Far Butte  05-19 Fort Union Tongue River 2462 20693 P05FB 15D line 233 -44 13.8
Far Butte  05-19 Fort Union Tongue River 2527 20758 P05FB 16B line 32 55 14.5
Far Butte  05-19 Fort Union Tongue River 2527 20758 P05FB 16C line 236 -48 11.6
Far Butte  05-19 Fort Union Tongue River 2577 20808 P05FB 17A plane 354 -14 9.8
Far Butte  05-19 Fort Union Tongue River 2577 20808 P05FB 17C line 133 -44 17.2
Far Butte  05-19 Fort Union Tongue River 2672 20903 P05FB 18A circle 321 -18 6.4
Far Butte  05-19 Fort Union Tongue River 2672 20903 P05FB 18B line 135 -69 17.6
Far Butte  05-19 Fort Union Tongue River 2672 20903 P05FB 18C line 178 -39 14.9
Far Butte  05-19 Fort Union Tongue River 2897 21128 P05FB 19B circle 108 17 15.4
Far Butte  05-19 Fort Union Tongue River 2897 21128 P05FB 19C circle 163 57 15.3
Far Butte  05-19 Fort Union Tongue River 3526 21757 P05FB 20B circle 8 -21 14.3
Far Butte  05-19 Fort Union Tongue River 3526 21757 P05FB 20D line 54 55 9.1
Far Butte  05-19 Fort Union Tongue River 3656 21887 P05FB 21C plane 129 42 18.4
Far Butte  05-19 Fort Union Tongue River 3746 21977 P05FB 22B circle 6 -15 12.8
Far Butte  05-19 Fort Union Tongue River 3746 21977 P05FB 22C line 133 -65 14.8
Far Butte  05-19 Fort Union Tongue River 3814 22045 P05FB 23A circle 8 -19 18.1
Far Butte  05-19 Fort Union Tongue River 3814 22045 P05FB 23B line 160 -32 11.8
Far Butte  05-19 Fort Union Tongue River 3904 22135 P05FB 24B line 175 -26 11.8

   * GD is geomagnetic declination, † GI is geomagnetic inclination, § MAD is mean angular deviation.
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                        TABLE DR4. Site mean data for each stratigraphic level with 3 or more samples used in polarity determination. 

Section name
Field 
number Formation Member

Stratigraphic 
level 
(section) 
(meters)

Stratigraphic 
level 
(composite) 
(meters above 
K-T boundary)

Sample 
prefix

Sample 
number GD* GI† alpha-95

Bald Butte 05-40 Hell Creek n/a 100 -3745 P05BA 1 352 59 59
Bald Butte 05-40 Hell Creek n/a 340 -3505 P05BA 2 7 60 16.6
Bald Butte 05-40 Hell Creek n/a 1970 -1875 P05BA 9 14.8 -48 34.8
Bald Butte 05-40 Hell Creek n/a 3125 -720 P05BA 13 211 -55 60.8
Bald Butte 05-40 Hell Creek n/a 3370 -475 P05BA 16 160 -53 55.3
Bald Butte 05-40 Hell Creek n/a 3435 -410 P05BA 17 341 -15 90
John's Nose  04-01 Fort Union Ludlow 3 2 P04MM 3 165 -40 26.6
John's Nose  04-01 Fort Union Ludlow 9 8 P04MM 9 80 -71 44.2
John's Nose  04-01 Fort Union Ludlow 16 15 P04MM 16 191 -59 81
John's Nose  04-01 Fort Union Ludlow 18 17 P04MM 18 178 -65 15.2
John's Nose  04-01 Fort Union Ludlow 24 23 P04MM 24 20 81 29.2
Upper John's Nose  04-02 Fort Union Ludlow 0 21 P04UM 0 31 11 45.6
Upper John's Nose  04-02 Fort Union Ludlow 4 25 P04UM 4 141 -40 23.7
Never-ending Butte   05-15 Fort Union Ludlow 1214 1214 P04NB 4 188 30 90
Never-ending Butte   05-15 Fort Union Ludlow 2618 2618 P04NB 7 117 -81 13.2
Never-ending Butte   05-15 Fort Union Ludlow 2618 2618 P04NB 9 143 -42 16.2
Never-ending Butte   05-15 Fort Union Ludlow 2706 2706 P04NB 10 43 -9 90
Never-ending Butte   05-15 Fort Union Ludlow 3016 3016 P04NB 11 48 48 36.2
Never-ending Butte   05-15 Fort Union Ludlow 3150 3150 P04NB 12 2 47 40.4
Lonesome Bull  04-30 Fort Union Ludlow 265 7265 P04LB 2 341 60 29.8
Lonesome Bull  04-30 Fort Union Ludlow 737 7737 P04LB 3 279 44 63.5
Lonesome Bull  04-30 Fort Union Ludlow 1572 8572 P04LB 4 100 -59 40.1
Lonesome Bull  04-30 Fort Union Ludlow 1624 8624 P05LB 1 34 63 28.3
Lonesome Bull  04-30 Fort Union Ludlow 1654 8654 P05LB 2 39 56 19.3
Lonesome Bull  04-30 Fort Union Ludlow 2384 9384 P04LB 5 342 64 5.3
Lonesome Bull  04-30 Fort Union Ludlow 3986 10986 P04LB 6 329 61 37
Lonesome Bull  04-30 Fort Union Ludlow 4523 11523 P04LB 7 345 74 13
Lonesome Bull  04-30 Fort Union Ludlow 4650 11650 P05LB 3 312 22 90
Lonesome Bull  04-30 Fort Union Ludlow 4824 11824 P05LB 5 186 -50 29.9
Lonesome Bull  04-30 Fort Union Ludlow 4869 11869 P05LB 6 276 42 93.5
Lonesome Bull  04-30 Fort Union Ludlow 5277 12277 P05LB 7 232 10 90
Lonesome Bull  04-30 Fort Union Ludlow 5820 12820 P04LB 9 223 -76 76.3
Lonesome Bull  04-30 Fort Union Ludlow 6398 13398 P04LB 11 350 51 48.2
Bug Butte  05-06 Fort Union Ludlow 0 7000 P05BB 1 321 53 43.2
Bug Butte  05-06 Fort Union Ludlow 60 7060 P05BB 2 2 50 52.4
Bug Butte  05-06 Fort Union Ludlow 460 7460 P05BB 4 149 -45 96.6
Bug Butte  05-06 Fort Union Ludlow 580 7580 P05BB 5 143 -75 5.6
Bug Butte  05-06 Fort Union Ludlow 1080 8080 P05BB 6 46 -66 36.7
Bug Butte  05-06 Fort Union Ludlow 1455 8455 P05BB 7 166 -74 36.3
Bug Butte  05-06 Fort Union Ludlow 1945 8945 P05BB 8 27 62 31.5
Bug Butte  05-06 Fort Union Ludlow 4400 11400 P05BB 10 12 13 90
Bug Butte  05-06 Fort Union Ludlow 4590 11590 P05BB 12 324 39 82.1
Bug Butte  05-06 Fort Union Ludlow 5035 12035 P05BB 15 5 58 25.9
Bug Butte  05-06 Fort Union Ludlow 5175 12175 P05BB 16 328 45 80.5
Bug Butte  05-06 Fort Union Ludlow 6050 13050 P05BB 18 359 63 24.1
Bug Butte  05-06 Fort Union Ludlow 6120 13120 P05BB 19 342 42.9 116.2
Three V Butte  05-33 Fort Union Ludlow 434 12224 P05VB 5 187 -42 21.1
Three V Butte  05-33 Fort Union Ludlow 681 12471 P05VB 6 281 48 11.5
Three V Butte  05-33 Fort Union Ludlow 769 12559 P05VB 7 350 32 15
Three V Butte  05-33 Fort Union Ludlow 1554 13344 P05VB 8 21 64 17.9
Three V Butte  05-33 Fort Union Ludlow 1679 13469 P05VB 11 16 58 25.9
Three V Butte  05-33 Fort Union Ludlow 1774 13564 P05VB 9 322 59 56
Three V Butte  05-33 Fort Union Ludlow 3277 15067 P05VB 31 347 55 13.1
Three V Butte  05-33 Fort Union Ludlow 3377 15167 P05VB 32 329 51 27.2
Three V Butte  05-33 Fort Union Ludlow 3507 15297 P05VB 33 343 51 8.7
Three V Amphitheater  05-14 Fort Union Ludlow 90 13849 P05VA 2 335 48 25.2
Three V Amphitheater  05-14 Fort Union Ludlow 190 13949 P05VA 1 325 47 10.2
Three V Amphitheater  05-14 Fort Union Ludlow 475 14234 P05VA 4 22 52 19.8
Three V Amphitheater  05-14 Fort Union Ludlow 565 14324 P05VA 5 321 56 47.6
Three V Amphitheater  05-14 Fort Union Ludlow 675 14434 P05VA 6 8 53 60.1
Three V Amphitheater  05-14 Fort Union Ludlow 945 14704 P05VA 8 28 54 35.2
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Three V Amphitheater  05-14 Fort Union Ludlow 1055 14814 P05VA 9 15 37 24.8
Three V Amphitheater  05-14 Fort Union Ludlow 2490 16249 P05VA 14 6 74 19.5
Three V Amphitheater  05-14 Fort Union Ludlow 3375 17134 P05VA 18 297 69 44.9
Three V Amphitheater  05-14 Fort Union Ludlow 3925 17684 P05VA 22 12 49 21.4
Three V Amphitheater  05-14 Fort Union Ludlow 4050 17809 P05VA 23 344 55 23.7
Far Butte  05-19 Fort Union Ludlow 1015 19224 P05FB 5 359 59 36.2
Far Butte  05-19 Fort Union Ludlow 2242 20451 P05FB 12 173 -39 57.3
Far Butte  05-19 Fort Union Tongue River 2672 20881 P05FB 18 167 -58 46.7

   * GD is geomagnetic declination, † GI is geomagnetic inclination.
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  Table DR5. Sedimentation accumulation rates and calculated duration  
                  of Ludlow Member of the Fort Union Formation.  

myr* meters m/myr† Ma§

Ogg and Smith (2004)
C29r_Paleocene 0.392 24 61 65.118
C29n 0.685 50 73 64.433
C28r 0.304 50 164 64.129
C28n 1.024 72 70 63.105
All chrons 2.405 196 81 63.105
Duration of Ludlow 2.54 206 81 62.97

Cande and Kent (1995)
C29r_Paleocene 0.245 24 98 65.265
C29n 0.769 50 65 64.496
C28r 0.282 50 177 64.214
C28n 1.195 72 60 63.019
All chrons 2.491 196 79 63.019
Duration of Ludlow 2.61 206 79 62.90

Dinares-Turell et al. (2003), estimate 1
C29r_Paleocene 0.252 24 95 65.258
C29n 0.796 50 63 64.462
C28r 0.252 50 198 64.21
C28n 1.029 72 70 63.181
All chrons 2.329 196 84 63.181
Duration of Ludlow 2.45 206 84 63.06

Dinares-Turell et al. (2003), estimate 2
C29r_Paleocene 0.252 24 95 65.258
C29n 0.819 50 61 64.439
C28r 0.273 50 183 64.166
C28n 1.029 72 70 63.137
All chrons 2.373 196 83 63.137
Duration of Ludlow 2.48 206 83 63.03

Dinares-Turell et al. (2003), estimate 3
C29r_Paleocene 0.228 24 105 65.282
C29n 0.879 50 57 64.403
C28r 0.21 50 238 64.193
C28n 1.089 72 66 63.104
All chrons 2.406 196 81 63.104
Duration of Ludlow 2.54 206 81 62.97

Preissinger et al. (2002)
C29r_Paleocene 0.231 24 104 65.279
C29n 0.651 50 77 64.628
C28r 0.189 50 265 64.439
C28n 1.134 72 63 63.305
All chrons 2.205 196 89 63.305
Duration of Ludlow 2.31 206 89 63.20

Westerhold et al. (2008), estimate 1
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C29r_Paleocene 0.37 24 65 65.14
C29n 0.707 50 71 64.433
C28r 0.177 50 282 64.256
C28n 0.949 72 76 63.307
All chrons 2.203 196 89 63.307
Duration of Ludlow 2.31 206 89 63.20

Westerhold et al. (2008), estimate 2
C29r_Paleocene 0.4 24 60 65.11
C29n 0.71 50 70 64.4
C28r 0.187 50 267 64.213
C28n 0.923 72 78 63.29
All chrons 2.22 196 88 63.29
Duration of Ludlow 2.34 206 88 63.17

   *Myr is million years, † m/myr is meters/million years, 
§ Ma is millions years ago.
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