SUPPLEMENTAL TABLE 1— Argon isotope data. Relative abundances of Ar isotopes and their uncertainties in nanoamperes (nA) of amplified ion beam current, corrected for background, mass discrimination, and radioactive decay. Ages are calculated using the decay constants from (Steiger and Jäger, 1977), and interference corrections of (Renne et al., 2005) for Ca- and K-derived Ar isotopes, and (Renne et al., 2008) for Cl-derived isotopes. Age uncertainties neglect systematic errors arising from 40K decay constants or the age of the standard. Sample: AV18-NDP sanidine, approximately 20 mg., 180-250 micron fraction; J: 0.0026277 ±0.000015; Standard: Fish Canyon sanidine (28.02 Ma); Disc: 1.003955 ±0.00149 per AMU (Power law; atmospheric 40Ar/36Ar= 295.5); Heating device: CO2 laser with integrator lens.

SUPPLEMENTAL TABLE 1—
	Laser 
	40Ar
	40Ar
	S
	39Ar
	s
	38Ar
	s
	37Ar
	s
	36Ar
	s
	40Ar*/39Ar
	s
	%40Ar*
	Age
	s

	(W)
	(moles)
	(nA)
	(nA)
	(nA)
	(nA)
	(nA)
	(nA)
	(nA)
	(nA)
	(nA)
	(nA)
	
	
	
	(Ma)
	(Ma)

	1.5
	3.01E-15
	0.081369
	0.001555
	0.002807
	0.000120
	0.000088
	0.000015
	-0.000275
	0.000765
	0.000207
	0.000022
	7.1755
	2.3666
	24.8
	33.70
	11.01

	1.8
	3.31E-15
	0.089601
	0.001558
	0.010498
	0.000145
	0.000146
	0.000015
	0.000275
	0.000766
	0.000027
	0.000020
	7.7781
	0.5895
	91.1
	36.50
	2.74

	2.1
	3.50E-15
	0.094528
	0.001560
	0.011511
	0.000161
	0.000132
	0.000016
	0.000066
	0.000766
	0.000004
	0.000021
	8.1063
	0.5561
	98.7
	38.02
	2.58

	2.4
	1.08E-14
	0.292390
	0.001675
	0.036056
	0.000221
	0.000377
	0.000020
	0.000695
	0.000768
	0.000025
	0.000020
	7.9072
	0.1793
	97.5
	37.10
	0.83

	2.7
	1.10E-14
	0.297767
	0.001663
	0.038049
	0.000203
	0.000438
	0.000018
	0.000525
	0.000767
	0.000014
	0.000020
	7.7210
	0.1695
	98.7
	36.24
	0.79

	3.0
	2.37E-14
	0.640050
	0.001761
	0.080776
	0.000277
	0.000973
	0.000026
	0.001588
	0.000769
	0.000026
	0.000020
	7.8289
	0.0832
	98.8
	36.74
	0.39

	3.3
	3.42E-14
	0.923795
	0.001885
	0.117483
	0.000343
	0.001452
	0.000024
	0.002247
	0.000769
	0.000032
	0.000021
	7.7848
	0.0600
	99.0
	36.53
	0.28

	3.6
	4.73E-14
	1.277325
	0.001687
	0.163153
	0.000286
	0.001980
	0.000027
	0.002679
	0.000771
	0.000012
	0.000019
	7.8085
	0.0398
	99.7
	36.64
	0.18

	3.9
	4.94E-14
	1.334869
	0.002143
	0.170823
	0.000343
	0.002113
	0.000025
	0.002707
	0.000770
	-0.000001
	0.000021
	7.8175
	0.0426
	100.0
	36.68
	0.20

	4.2
	7.27E-14
	1.966542
	0.002214
	0.252411
	0.000756
	0.003093
	0.000030
	0.004205
	0.000773
	0.000010
	0.000020
	7.7797
	0.0365
	99.9
	36.51
	0.17

	4.5
	8.28E-14
	2.237668
	0.002074
	0.287599
	0.000499
	0.003511
	0.000032
	0.004131
	0.000772
	0.000007
	0.000019
	7.7740
	0.0272
	99.9
	36.48
	0.13

	5.0
	1.59E-13
	4.292101
	0.003638
	0.548613
	0.000915
	0.006845
	0.000055
	0.008796
	0.000778
	0.000027
	0.000022
	7.8096
	0.0223
	99.8
	36.65
	0.10

	5.5
	2.97E-13
	8.021632
	0.005325
	1.028062
	0.001703
	0.012501
	0.000060
	0.015906
	0.000782
	0.000086
	0.000024
	7.7785
	0.0195
	99.7
	36.50
	0.09

	6.0
	4.35E-13
	11.751680
	0.005325
	1.504012
	0.002003
	0.018294
	0.000080
	0.022215
	0.000793
	0.000054
	0.000024
	7.8034
	0.0168
	99.9
	36.62
	0.08

	6.5
	4.04E-13
	10.922600
	0.007459
	1.402335
	0.004903
	0.016638
	0.000077
	0.020142
	0.000783
	0.000072
	0.000025
	7.7741
	0.0308
	99.8
	36.48
	0.14

	6.8
	2.51E-13
	6.784657
	0.005133
	0.867194
	0.001903
	0.010443
	0.000055
	0.012127
	0.000783
	0.000030
	0.000019
	7.8138
	0.0227
	99.9
	36.67
	0.11

	7.1
	1.61E-13
	4.343799
	0.003728
	0.555067
	0.001105
	0.006535
	0.000041
	0.007430
	0.000781
	0.000036
	0.000019
	7.8070
	0.0232
	99.8
	36.64
	0.11

	7.4
	9.05E-14
	2.445498
	0.002362
	0.314176
	0.001304
	0.003714
	0.000046
	0.005070
	0.000775
	0.000014
	0.000022
	7.7714
	0.0409
	99.8
	36.47
	0.19

	7.7
	5.53E-14
	1.496114
	0.002362
	0.191242
	0.000806
	0.002266
	0.000036
	0.002964
	0.000776
	0.000018
	0.000021
	7.7961
	0.0496
	99.7
	36.58
	0.23

	8.2
	4.82E-14
	1.302357
	0.002074
	0.165233
	0.000334
	0.002016
	0.000027
	0.002928
	0.000782
	0.000011
	0.000021
	7.8630
	0.0445
	99.8
	36.90
	0.21

	8.7
	3.80E-14
	1.028056
	0.002142
	0.128918
	0.000249
	0.001565
	0.000031
	0.001999
	0.000780
	0.000066
	0.000019
	7.8231
	0.0503
	98.1
	36.71
	0.23

	9.5
	4.23E-14
	1.145100
	0.001828
	0.144502
	0.000441
	0.001735
	0.000023
	0.001771
	0.000777
	0.000044
	0.000021
	7.8342
	0.0524
	98.9
	36.76
	0.24

	10.5
	4.75E-14
	1.283767
	0.004943
	0.161306
	0.000568
	0.002087
	0.000027
	0.002418
	0.000788
	0.000086
	0.000019
	7.8009
	0.0557
	98.0
	36.61
	0.26

	11.5
	3.11E-14
	0.840547
	0.001801
	0.106369
	0.000315
	0.001293
	0.000025
	0.001597
	0.000778
	0.000044
	0.000020
	7.7794
	0.0649
	98.5
	36.51
	0.30

	12.5
	1.83E-14
	0.495957
	0.001740
	0.062128
	0.000240
	0.000755
	0.000021
	0.001101
	0.000780
	0.000018
	0.000020
	7.8966
	0.1048
	98.9
	37.05
	0.49

	15.0
	2.44E-14
	0.660448
	0.001884
	0.082321
	0.000258
	0.001039
	0.000025
	0.001195
	0.000781
	0.000040
	0.000021
	7.8803
	0.0822
	98.2
	36.98
	0.38

	19.0
	2.46E-14
	0.665228
	0.001816
	0.083830
	0.000240
	0.000993
	0.000022
	0.001004
	0.000783
	0.000012
	0.000019
	7.8934
	0.0735
	99.5
	37.04
	0.34

	24.0
	2.52E-14
	0.681941
	0.001822
	0.086370
	0.000382
	0.001009
	0.000024
	0.000757
	0.000781
	0.000009
	0.000020
	7.8654
	0.0810
	99.6
	36.91
	0.38

	30.0
	1.82E-14
	0.491251
	0.001806
	0.060809
	0.000286
	0.000694
	0.000023
	0.001137
	0.000780
	0.000057
	0.000020
	7.8014
	0.1100
	96.6
	36.61
	0.51


SUPPLEMENTAL TABLE 2—Character descriptions for phylogenetic analysis. The numbering of these characters continues the numbering found in the Geisler (2005) data matrix.

108. trunk vertebrae neural arch and processes
0: not elongate
1: elongate in proportion to centrum length

109. sternum form

0: T-shaped manubrium, with rod-shaped elements
1: Thick, rectangular manubrium with thick, polygonal elements
2: broad flat manubrium and elements

110. stratigraphic position


0:  Ypresian


1:  Lutetian


2:  Bartonian


3:  Priabonian


4:  Rupelian


5:  Chattian


6:  Aquitanian


7:  Burdigalian


8:  Langhian


9:  Serravallian


A:  Tortonian


B:  Messinian


C:  Zanclean


D:  Piacenzian


E:  Gelasian


F:  Pleistocene

G:  Holocene

SUPPLEMENTAL TABLE 3—Character codings for additional phylogenetic characters described in Supplemental Table 2. Question marks denote missing data. Multiple character states in the stratigraphic character indicate that the taxon in question is present in all of the listed time periods.

Sus
Hippopotamus
Pakicetidae
Ambulocetus
Rodhocetus
Remingtonocetus
Dalanistes
Gaviacetus
Carolinacetus
Protocetus
Georgiacetus
Babiacetus
Basilosaurus
Dorudon
Eocetus wardii
E. schweinfurthi
Artiocetus
Qaisracetus
Maiacetus
MUSM 1443
Supayacetus
Ocucajea
108. trunk vertebrae neural arch and processes
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
?
0
1
?
?

109; sternum form
2
2
?
?
0
?
?
?
?
?
0
?
1
1
0
?
?
?
?
?
0
?

110. stratigraphic position
9&A&B&C&D&E&F&G
A&B&C&D&E&F&G
0&1
1
1
1
1
1
2
1
2
1
2&3
2&3
2
2
1
1
1
2
2
2
SUPPLEMENTAL TABLE 4— Character codings for additional taxa added to the Geisler et al. (2005) matrix. Question marks denote missing data. Multiple character states in the stratigraphic character indicate that the taxon in question is present in all of the listed time periods.


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

Maiacetus
1
?
?
?
1
?
?
3
?
?
?
?
?
?
1
?
?
1
0
1
?
?
?
?
0
?
?
2
?
?
2
0
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
1
?
0
2
?
1
3
?
?
?
?
?
?
?
1
1
0
?
0
?
2
1
?
?
0&1
?
?
?
?
1
1
1
0
?
?
?
1
2
0
0
?
2
0
3
1
1
?
0
1
1
0
0
0
0
0
0
0
0
?
1

MUSM 1443
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
1
1
?
?
?
1
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
1
?
?
?
1
1
0
3
3
2
?
?
?
?
0
?
?
?
?
?
?
?
?
?
?
1
?
2

Supayacetus
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
1
1
?
2
1
1
2
?
?
?
?
?
?
?
?
?
2
?
?
?
?
?
?
?
?
?
?
?
?
0
0
?
0
?
?
?
1
?
?
?
?
?
?
?
?
?
0
?
?
?
?
?
?
?
?
?
?
?
0
2

Ocucajea
1
?
?
?
?
?
?
?
?
?
?
?
?
?
0
?
?
1
?
2
?
?
?
?
?
?
?
?
?
?
2
1
?
1
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
2
?
?
?
?
?
?
?
?
3
3
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
2
SUPPLEMENTAL Figure 1—  Apparent age spectrum for sanidine from tuff ~100 m above Paracas Formation archaeocete fossils in the Pisco Basin. Apparent age (lower plot) and atomic K/Ca ratio are shown as a function of progressive laser heating. 
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