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INTRODUCTION 

The U/Pb zircon data reported here consist of conventional thermal ionization mass 

spectrometry (TIMS) isotope dilution measurements made at San Diego State University using 

the VG Sector 54 multicollector instrument, laser ablation Multicollector Inductively Coupled 

Plasma Mass Spectrometer (laser ablation ICPMS) measurements at the University of Arizona 

using the GVI Isoprobe, and secondary ion mass spectrometry (SIMS) analyses at the University 

of California at Los Angeles using the Cameca 1270.   

Samples averaging c. 25 kg in weight were pulverized using a jaw crusher and roller mill.  

Zircon was then concentrated using a Wifley Table, heavy liquids, and a Frantz magnetic 

separator.  Analytical methods employed in TIMS analyses follow Kimbrough et al. (1992; 

1994).  Least magnetic zircons from each sample were split into size fractions and then 

handpicked to remove contaminating grains.  Sample weights of individual multigrain zircon 

fractions analysed ranged from c. 1 to 13 mg.  Zircon dissolution and ion exchange chemistry for 

separation of U and Pb followed procedures modified from Krogh (1973).  U and Pb 

concentrations were determined using a mixed 235U - 208Pb tracer.  Isotopic ratios were measured 

GSA Data Repository Item 2014096 accompanies Herzig, C.T., and Kimbrough, D.L., 2014, Santiago Peak volcanics: Early 
Cretaceous arc volcanism of the western Peninsular Ranges batholith, southern California, in Morton, D.M., and Miller, F.K., 
eds., Peninsular Ranges Batholith, Baja California and Southern California: Geological Society of America Memoir 211, p. 
345–363, doi:10.1130/2014.1211(09).



2

with the VG Sector 54 multicollector instrument at San Diego State University.  Analytical 

uncertainties, blanks, and common Pb corrections are outlined in Table 1 below.  In the latter 

part of this study, hydrofluoric acid (HF) leaching techniques, following Mattinson (2005), were 

applied to resolve the source of minor discordance observed in many of the samples.  Earlier 

successful applications of these methods (e.g., Kimbrough et al. 1992) have clearly demonstrated 

the validity of this technique in removing common Pb from zircon and thereby reducing 

uncertainties in 207Pb*/206Pb* dates, while also preferentially dissolving more soluble high-U 

zircon domains most strongly affected by recent Pb loss. 

For the chemical abrasion work, hand-picked multi-grain zircon fractions were partially 

digested in 3ml screw-top PFA Savillex vials in a mixture of 10 parts 50% HF plus 1 part 8 M 

HNO3 on a hot plate at ~80º C surface temperature.  Zircon were partially digested under these 

conditions for periods of time up to 47 days.  Following cooling, the bulk of the sample solution 

was pipetted off taking care not to pipette out any zircon grains.  The remaining sample was then 

evaporated to dryness on a hotplate, cooled and 3.1N HCl added to redissolve any remaining 

digested portion of the sample (overnight at 80º C on a hotplate).  The HCl solution and two 

subsequent rinses were pipetted off leaving the “chemically abraded” zircon residue for total 

digestion and isotopic analysis.   

For laser ablation and ion probe samples, suitable zircon grains for analysis grains were 

individually selected under a binocular microcope.  The grains were mounted along with 

standards in 1” diameter epoxy plugs and polished using standard techniques.  Mounts were then 

cleaned with soap and water and immersed in a cleaning solution (2% HNO3 and 1% HCl) in an 

ultrasonic cleaner for a few minutes, followed by rinsing with water and final cleaning with 

isopropyl alcohol using a Kimwipe.  
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Laser ablation ICPMS were conducted at the University of Arizona LaserChron Center 

(Gillis et al., 2005; Gehrels et al., 2006, 2008) with a Multicollector Inductively Coupled Plasma 

Mass Spectrometer (GVI Isoprobe).  The GVI Isoprobe instrument is equipped with nine 

Faraday collectors, an axial Daly detector, and four ion-counting channels.  The mass 

spectrometer is coupled to a New Wave Instruments Excimer laser ablation system which has an 

emission wavelength of 193 nm.  The laser output energy was ~32mJ with a repetition rate of 8 

hz.  Analyses were conducted on spots with a diameter of 35 microns and the depth of each 

ablation pit was ~20 microns.  Each analysis consisted of one 20-second integration on 

backgrounds (on peak centers with no laser firing) and twenty 1-second integrations on peaks 

with the laser firing.  The collector configuration allows simultaneous measurement of 204Pb in a 

secondary electron multiplier while 206Pb, 207Pb, 208Pb, 232Th, and 238U are measured with 

Faraday detectors.  All analyses were conducted in static mode (cf. Gillis et al., 2005).  Hg 

contributions to 204Pb were removed by measuring onpeak backgrounds.  Concentrations of U 

and Th are calibrated relative to a Sri Lanka zircon, which contains ~518 ppm of U and 68 ppm 

Th.  Inter-element instrumental fractionation was monitored by reference to the Sri Lanka zircon 

standard with a known (ID-TIMS) age of 563.5 ± 3.2 Ma (2-sigma).  The standard zircon was 

analyzed once for every four unknowns for magmatic samples.  Interpreted ages for these 

Mesozoic samples are based on 206Pb/238U ratios.  

One of the U-Pb ages reported here were obtained using the University of California at 

Los Angeles Cameca IMS 1270 ion microprobe following methods described in Grove et al. 

(2003).  Analytical methods for the 40Ar/ 39Ar analyses follow methods described in Ortega-

Rivera et al. (1997). 
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The analytical data are reported in Supplementary Data Tables below.  Uncertainties 

shown in the ICPMS and SIMS tables are at the 1-sigma level, and include only measurement 

errors.  The resulting interpreted ages are shown on U/Pb age-frequency spectra in Figure 4 that 

supplements the discussion in the manuscript regarding the U/Pb data (also shown in Fig. 4 in 

the manuscript).  
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Supplementary Data Table 1. Zircon U/Pb data determined by thermal ionization mass spectrometer, San Diego State University
Pb isotopic compositions

w eight Pb U Unspiked multiplier corrected radiogenic ratios ages (m.y.)

sample fraction (g) (ppm) (ppm) 206/208 206/207 206/204 207*/235 error % 206*/238 error % rho 207*/206 error 207*/235 206*/238 207*/206 err

SANTIAGO PEAK VOLCANICS
SP-17 cg N 0.0130 12.28 656.9 6.5474 18.6898 2967 0.1201 0.43% 0.01791 0.25% 0.70 0.04863 0.33% 115.2 114.4 130.2 ±7.6

L/5 d 0.0054 11.81 606.7 8.0131 20.0248 12308 0.1296 0.35% 0.01929 0.34% 0.70 0.04874 0.07% 123.8 123.2 135.4 ±1.7

L/47 d 0.0048 9.05 461.6 8.1392 19.9956 10725 0.1302 0.32% 0.01941 0.32% 0.70 0.04864 0.06% 124.3 124.0 130.4 ±1.3

SP-9 L/5 d 0.0064 3.15 157.7 6.3461 19.1311 5186 0.1314 0.51% 0.01929 0.35% 0.70 0.04943 0.37% 125.4 123.2 168.5 ±8.5

fg clear L/47d 0.0048 8.75 439.6 6.9304 19.6733 10403 0.1320 0.33% 0.01937 0.32% 0.70 0.04942 0.09% 125.9 123.7 167.7 ±2.1

cg mxd L/47d 0.0045 6.49 314.4 6.9868 18.7377 7888 0.1425 0.32% 0.02007 0.32% 0.70 0.05151 0.06% 135.3 128.1 263.7 ±1.3

CS117 <140f 0.0051 9.49 529.2 8.2351 19.3604 5156 0.1192 0.33% 0.01772 0.32% 0.70 0.04880 0.07% 114.4 113.2 138.1 ±1.7

>140 0.0051 13.88 754.4 8.9467 19.1410 4169 0.1229 0.33% 0.01830 0.32% 0.70 0.04871 0.07% 117.7 116.9 134.1 ±1.6

140-200 0.0040 6.14 319.4 8.7637 20.0763 13897 0.1293 0.33% 0.01923 0.32% 0.70 0.04875 0.06% 123.5 122.8 135.8 ±1.5

>140 0.0025 6.16 313.3 8.2395 18.5883 2813 0.1299 0.34% 0.01940 0.32% 0.70 0.04856 0.12% 124.0 123.8 126.8 ±2.7

<200 0.0037 5.27 269.8 8.0364 19.8796 8454 0.1299 0.33% 0.01934 0.32% 0.70 0.04871 0.07% 124.0 123.5 134.1 ±1.5

>200 L/47 d 0.0036 9.99 509.4 10.0209 20.1798 16393 0.1331 0.32% 0.01983 0.32% 0.70 0.04866 0.05% 126.9 126.6 131.5 ±1.3

<200 L/47 d 0.0038 6.34 321.4 9.6709 20.1144 16918 0.1342 0.35% 0.01992 0.35% 0.70 0.04885 0.06% 127.8 127.2 140.4 ±0.56

BS105 L/13 d 0.0057 9.25 434.4 5.6605 14.6747 770 0.1315 4.23% 0.01946 0.40% 0.70 0.04903 4.00% 125.5 124.2 149.1 ±94

L/47 d 0.0047 8.24 418.8 7.2799 19.0623 5432 0.1317 0.32% 0.01920 0.32% 0.70 0.04975 0.06% 125.6 122.6 183.5 ±1.3

>400 L 0.0049 7.92 404.4 7.4040 19.4330 9322 0.1320 0.33% 0.01919 0.32% 0.70 0.04988 0.07% 125.9 122.6 189.5 ±1.7

<400 L 0.0057 8.02 403.7 7.3098 19.1518 8589 0.1352 0.36% 0.01941 0.32% 0.70 0.05050 0.17% 129.0 124.0 222.5 ±4

ESTELLE MOUNTAIN VOLCANICS
TC-1 L/13 d 0.0042 7.73 378.4 6.4454 18.6619 7625 0.1404 0.43% 0.01970 0.37% 0.70 0.05166 0.21% 133.4 125.8 270.5 ±4.8

L/47 d 0.0044 5.24 254.1 6.6034 18.4011 6124 0.1421 0.33% 0.01984 0.32% 0.70 0.05195 0.06% 134.9 126.6 283.2 ±1.5

BAKER CANYON CONGLOMERATE CLASTS
BS117-12 FG L 0.0048 11.78 723.4 9.0441 20.4181 20135 0.1086 0.32% 0.01633 0.32% 0.80 0.04824 0.05% 104.7 104.4 111.3 ±1.2

CG 0.007 12.62 761.8 7.9625 20.0409 9213 0.1089 0.33% 0.01635 0.33% 0.80 0.04830 0.06% 105.0 104.6 114.0 ±1.3

FG 0.0038 16.55 982.4 7.7519 19.9631 8087 0.1104 0.33% 0.01659 0.32% 0.80 0.04827 0.05% 106.3 106.0 112.6 ±1.3

BS117-Te nm1.3 0.0012 7.98 462.9 6.8518 17.6700 1721 0.1097 0.36% 0.01657 0.32% 0.80 0.04803 0.17% 105.7 105.9 100.8 ±3.9

nm1.7 0.0015 8.52 493.7 7.0651 18.0433 2046 0.1109 0.34% 0.01668 0.33% 0.80 0.04822 0.08% 106.8 106.6 110.2 ±1.9

BS117-100 FG 0.0055 11.52 616.1 5.0661 14.8306 763 0.1111 0.37% 0.01675 0.33% 0.80 0.04811 0.15% 107.0 107.1 104.8 ±3.6

CG 0.0058 10.69 583.6 5.5274 16.2862 1111 0.1118 0.36% 0.01685 0.33% 0.80 0.04814 0.12% 107.7 107.7 106.2 ±2.7

FG L 0.0074 7.63 448.2 7.0952 20.1916 11847 0.1106 0.33% 0.01662 0.32% 0.80 0.04828 0.06% 106.5 106.2 113.1 ±1.4

BS105A-11 CG 0.0025 38.41 2286.4 7.7753 19.7173 5959 0.1098 0.33% 0.01651 0.33% 0.80 0.04825 0.06% 105.8 105.6 111.3 ±1.5

FG 0.0036 20.29 1206.0 7.6579 19.5188 4896 0.1097 0.33% 0.01650 0.32% 0.80 0.04822 0.06% 105.7 105.5 110.3 ±1.7

Fractions analyzed; b=bulk, cg=coarse, fg=fine, 200=mesh size, L = HF leached; separation of U and Pb completed using HCl column chemistry.

Concentrations determined w ith mixed 208/235 spike. Pb isotopic compositions corrected for c. 0.10% ±0.05% per mass unit mass fractionation based on replicate analysis NBS981 & 983. 

Errors for 206Pb/204Pb measurements minimized by use of an ion counting Daly multiplier; Ages calculated w ith follow ing decay constants:  238U = 1.55125E-10 and 235U = 9.8485E-10

Present-day 238U/235U = 137.88; Common lead corrections made using Stacey and Kramers (1975) model lead isotopic compositions; Total lead blanks averaged c. 25 picograms.  
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Supplementary Data Table 2.  U-Pb zircon geochronologic analyses by Laser-Ablation Multicollector ICP Mass Spectrometery at University of Arizona LaserChron Center  
     Isotopic ratios     Apparent ages (Ma)     
                 

Analysis U 206Pb U/Th 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
 (ppm) 204Pb  235U (%) 238U (%) corr. 238U (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 

                 
WJE081--1 99 957 1.2 0.0675 29.6 0.0170 2.0 0.07 108.4 2.1 66.3 19.0 -1276.7 949.4 108.4 2.1 
WJE081--2 247 2978 1.7 0.1091 10.1 0.0174 1.7 0.17 111.0 1.9 105.2 10.1 -24.9 240.8 111.0 1.9 
WJE081--3 211 2612 2.1 0.1018 7.8 0.0169 2.0 0.25 107.8 2.1 98.4 7.3 -123.3 186.4 107.8 2.1 
WJE081--4 97 1089 1.6 0.0794 22.4 0.0167 1.6 0.07 107.0 1.7 77.6 16.7 -756.0 632.9 107.0 1.7 
WJE081--5 115 1362 1.6 0.0867 17.5 0.0172 1.4 0.08 110.0 1.5 84.4 14.2 -591.0 477.2 110.0 1.5 
WJE081--6 103 1013 1.7 0.0930 13.2 0.0167 4.0 0.30 107.1 4.2 90.3 11.4 -334.2 325.7 107.1 4.2 
WJE081--7 152 1862 1.7 0.0949 9.1 0.0177 2.0 0.22 112.8 2.3 92.1 8.0 -417.4 232.9 112.8 2.3 
WJE081--8 260 1484 1.4 0.1201 15.5 0.0178 1.8 0.11 113.7 2.0 115.2 16.9 145.0 364.1 113.7 2.0 
WJE081--9 170 1893 1.7 0.0954 14.0 0.0177 1.4 0.10 113.4 1.6 92.5 12.4 -417.0 366.2 113.4 1.6 
WJE081--10 170 2000 1.5 0.0959 10.8 0.0175 1.7 0.16 112.1 1.9 93.0 9.6 -374.1 276.6 112.1 1.9 
WJE081--11 160 1514 1.7 0.0993 11.2 0.0176 2.1 0.19 112.5 2.3 96.1 10.3 -293.8 282.2 112.5 2.3 
WJE081--12 202 2132 1.6 0.0973 12.2 0.0173 3.3 0.27 110.4 3.7 94.3 11.0 -295.1 301.2 110.4 3.7 
WJE081--13 185 1646 2.3 0.0988 8.3 0.0173 2.3 0.28 110.3 2.5 95.7 7.5 -253.9 201.0 110.3 2.5 
WJE081--14 174 2007 1.8 0.1000 8.2 0.0170 1.5 0.18 108.8 1.6 96.8 7.6 -189.8 202.8 108.8 1.6 
WJE081-15 248 2363 1.5 0.1008 8.0 0.0178 1.0 0.13 114.0 1.1 97.5 7.4 -288.0 202.0 114.0 1.1 
WJE081-16 205 1257 1.1 0.1117 9.3 0.0175 1.1 0.12 111.5 1.2 107.5 9.5 19.9 223.1 111.5 1.2 
WJE081-17 130 1545 1.5 0.1069 17.9 0.0184 1.0 0.06 117.6 1.2 103.1 17.5 -220.1 451.3 117.6 1.2 
WJE081-18 58 764 2.4 0.0863 28.4 0.0168 5.6 0.20 107.5 6.0 84.1 23.0 -540.4 760.3 107.5 6.0 

                 
WJE081-2-1 88 1008 2.8 0.1024 29.0 0.0180 2.3 0.08 115.0 2.6 99.0 27.3 -272.0 747.7 115.0 2.6 
WJE081-2-2 150 1260 1.9 0.0806 11.7 0.0165 2.1 0.18 105.3 2.2 78.8 8.9 -668.5 319.4 105.3 2.2 
WJE081-2-3 167 1485 1.6 0.0933 12.3 0.0163 1.3 0.11 104.0 1.3 90.6 10.6 -249.6 309.3 104.0 1.3 
WJE081-2-4 222 1844 1.7 0.1022 11.9 0.0165 1.6 0.14 105.4 1.7 98.8 11.2 -58.2 288.1 105.4 1.7 
WJE081-2-5 152 1430 2.0 0.0999 11.7 0.0171 2.1 0.18 109.2 2.3 96.7 10.8 -201.8 289.8 109.2 2.3 
WJE081-2-6 116 1097 2.4 0.0809 21.4 0.0175 1.3 0.06 111.9 1.4 79.0 16.3 -831.5 616.3 111.9 1.4 
WJE081-2-7 93 900 2.6 0.0586 25.9 0.0168 2.7 0.10 107.2 2.8 57.8 14.5 -1713.3 911.0 107.2 2.8 
WJE081-2-8 296 3278 1.7 0.0983 6.0 0.0168 2.4 0.39 107.5 2.5 95.2 5.5 -201.8 139.5 107.5 2.5 
WJE081-2-9 204 1850 2.2 0.0994 11.3 0.0183 2.2 0.20 116.6 2.6 96.2 10.3 -385.4 287.6 116.6 2.6 
WJE081-2-10 183 1362 2.1 0.1000 14.0 0.0171 3.5 0.25 109.0 3.8 96.8 12.9 -194.4 341.0 109.0 3.8 
WJE081-2-11 90 1016 2.7 0.0962 22.2 0.0180 2.8 0.12 114.9 3.2 93.2 19.8 -430.9 584.2 114.9 3.2 
WJE081-2-12 198 1953 2.5 0.0967 10.7 0.0178 1.8 0.17 113.7 2.0 93.7 9.6 -388.9 274.5 113.7 2.0 
WJE081-2-13 138 1533 2.3 0.0951 10.7 0.0178 2.8 0.26 113.9 3.2 92.2 9.5 -437.8 273.0 113.9 3.2 
WJE081-2-14 307 3107 1.5 0.1013 12.4 0.0178 1.2 0.09 114.0 1.3 97.9 11.6 -278.4 315.9 114.0 1.3 
WJE081-2-15 140 1263 2.4 0.0933 9.1 0.0177 2.8 0.31 113.1 3.2 90.6 7.9 -469.8 229.7 113.1 3.2 
WJE081-2-16 140 2246 2.9 0.1079 13.1 0.0195 1.2 0.09 124.4 1.5 104.0 12.9 -340.8 337.0 124.4 1.5 

                 
WJE081-3 241 1098 1.4 0.1146 12.2 0.0171 1.6 0.13 109.2 1.7 110.2 12.7 131.0 284.9 109.2 1.7 
WJE081-3-2 145 1848 1.4 0.0963 12.2 0.0166 2.2 0.18 105.9 2.3 93.3 10.9 -217.4 302.4 105.9 2.3 
WJE081-3-3 130 1028 1.8 0.1072 15.2 0.0173 1.5 0.10 110.9 1.6 103.4 15.0 -66.3 371.4 110.9 1.6 
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WJE081-3-4 160 1250 1.5 0.0895 16.2 0.0181 1.3 0.08 115.7 1.5 87.1 13.5 -642.9 445.7 115.7 1.5 
WJE081-3-5 196 567 1.4 0.1406 30.7 0.0166 6.0 0.19 106.2 6.3 133.6 38.5 652.4 660.9 106.2 6.3 
WJE081-3-6 126 998 1.5 0.0849 15.6 0.0178 2.3 0.14 113.7 2.5 82.7 12.4 -739.2 433.9 113.7 2.5 
WJE081-3-7 138 1679 1.6 0.1017 15.5 0.0171 1.8 0.12 109.2 2.0 98.4 14.5 -155.3 383.1 109.2 2.0 
WJE081-3-8 120 1235 1.4 0.0854 18.4 0.0171 1.7 0.09 109.1 1.9 83.2 14.7 -609.2 503.1 109.1 1.9 
WJE081-3-9 263 833 1.4 0.1606 23.3 0.0183 1.7 0.07 117.0 1.9 151.2 32.8 728.1 499.6 117.0 1.9 
WJE081-3-10 263 1550 1.3 0.0905 10.9 0.0159 1.6 0.15 101.9 1.6 88.0 9.2 -275.9 274.3 101.9 1.6 
WJE081-3-11 203 1763 1.1 0.1175 10.5 0.0180 2.2 0.21 114.8 2.5 112.8 11.3 70.9 245.8 114.8 2.5 
WJE081-3-12 163 177 1.1 0.2338 14.1 0.0166 1.0 0.07 106.3 1.1 213.3 27.1 1661.0 261.1 106.3 1.1 
WJE081-3-14 463 4185 1.0 0.1107 3.1 0.0174 1.2 0.39 111.4 1.3 106.6 3.2 1.3 69.9 111.4 1.3 
WJE081-3-15 302 2784 1.1 0.1035 4.9 0.0173 2.6 0.52 110.4 2.8 100.0 4.7 -139.5 104.5 110.4 2.8 
WJE081-3-16 781 6441 1.4 0.1024 3.1 0.0158 1.9 0.61 100.9 1.9 99.0 2.9 51.4 58.0 100.9 1.9 
WJE081-3-17 156 1866 2.1 0.0910 13.3 0.0172 2.3 0.17 109.8 2.5 88.4 11.3 -456.8 347.4 109.8 2.5 
WJE081-3-19 190 1011 1.1 0.1207 11.9 0.0181 1.9 0.16 115.4 2.2 115.7 13.0 122.3 277.8 115.4 2.2 
WJE081-3-20 133 1418 1.8 0.0930 17.0 0.0162 3.1 0.18 103.5 3.2 90.3 14.7 -246.0 425.7 103.5 3.2 

                 
SPV17-1 473 25530 2.6 0.14261 4.7 0.02048 3.6 0.77 130.7 4.7 135.4 5.9 218.4 68.8 130.7 4.7 
SPV17-2 671 32704 3.1 0.13963 3.2 0.01992 3.0 0.93 127.1 3.7 132.7 4.0 234.0 27.0 127.1 3.7 
SPV17-3 949 5182 1.7 0.12394 6.4 0.01941 2.6 0.40 123.9 3.2 118.6 7.2 13.6 141.0 123.9 3.2 
SPV17-4 1425 22164 2.2 0.13278 3.9 0.01945 3.4 0.88 124.2 4.2 126.6 4.7 172.1 44.4 124.2 4.2 
SPV17-5 282 2628 2.1 0.13056 10.2 0.02026 2.4 0.23 129.3 3.0 124.6 11.9 36.1 237.8 129.3 3.0 
SPV17-6 1528 33200 2.1 0.13320 3.3 0.01967 2.4 0.73 125.5 3.0 127.0 4.0 153.6 53.2 125.5 3.0 
SPV17-7 954 8056 1.5 0.13362 4.8 0.01949 2.4 0.49 124.4 2.9 127.3 5.7 181.7 96.9 124.4 2.9 
SPV17-8 591 3769 1.0 0.14470 4.3 0.02071 3.2 0.75 132.2 4.2 137.2 5.5 225.7 66.0 132.2 4.2 
SPV17-9 903 18472 1.7 0.13489 1.7 0.02020 1.0 0.60 128.9 1.3 128.5 2.0 120.6 31.2 128.9 1.3 
SPV17-10 1215 19869 1.9 0.13222 1.8 0.01960 1.3 0.73 125.1 1.6 126.1 2.1 144.4 28.7 125.1 1.6 
SPV17-12 1433 1564 1.9 0.11107 18.2 0.01990 1.5 0.08 127.0 1.9 106.9 18.5 -320.3 469.8 127.0 1.9 
SPV17-13 723 5796 1.8 0.12945 5.4 0.01981 3.2 0.60 126.5 4.0 123.6 6.3 69.1 103.4 126.5 4.0 
SPV17-14 1752 10531

4 
1.5 0.13420 1.7 0.01995 1.4 0.81 127.4 1.8 127.9 2.1 137.4 23.8 127.4 1.8 

SPV17-15 1518 42806 1.7 0.13709 3.1 0.02037 2.7 0.88 130.0 3.5 130.4 3.8 138.3 34.4 130.0 3.5 
SPV17-16 753 18503 1.3 0.14441 3.1 0.02084 2.5 0.81 132.9 3.3 137.0 4.0 207.3 43.1 132.9 3.3 

                 
SPV9-1 187 9834 1.9 0.14155 7.0 0.01936 2.3 0.33 123.6 2.9 134.4 8.9 330.4 150.6 123.6 2.9 
SPV9-2 209 1046 2.1 0.11328 11.0 0.01854 4.4 0.40 118.4 5.1 109.0 11.4 -93.0 248.2 118.4 5.1 
SPV9-3 139 800 2.6 0.10567 17.8 0.01848 5.6 0.31 118.0 6.5 102.0 17.2 -258.6 430.2 118.0 6.5 
SPV9-4 187 1348 2.5 0.12600 7.0 0.01912 2.3 0.34 122.1 2.8 120.5 7.9 89.1 155.6 122.1 2.8 
SPV9-5 134 6907 2.3 0.13231 10.3 0.01907 5.0 0.49 121.8 6.1 126.2 12.3 209.8 209.5 121.8 6.1 
SPV9-6 347 675 1.2 0.11435 11.3 0.01908 2.5 0.22 121.8 3.1 109.9 11.8 -140.5 273.4 121.8 3.1 
SPV9-7 491 4240 0.9 0.12483 5.3 0.01821 1.8 0.34 116.3 2.1 119.4 6.0 182.0 116.1 116.3 2.1 
SPV9-8 168 1522 2.0 0.10965 17.4 0.01851 8.0 0.46 118.2 9.4 105.6 17.5 -169.9 386.5 118.2 9.4 
SPV9-9 302 2208 1.4 0.11918 12.2 0.01906 3.5 0.29 121.7 4.2 114.3 13.2 -36.4 284.0 121.7 4.2 
SPV9-10 559 4450 1.3 0.12465 6.2 0.01893 2.6 0.42 120.9 3.1 119.3 7.0 86.8 133.7 120.9 3.1 
SPV9-11 187 8901 1.7 0.13214 6.7 0.01920 2.3 0.34 122.6 2.8 126.0 7.9 191.4 145.5 122.6 2.8 
SPV9-12 234 5832 1.3 0.13983 6.0 0.02023 3.2 0.54 129.1 4.1 132.9 7.5 201.5 117.5 129.1 4.1 

DR2014096



 10

SPV9-13 179 9901 1.4 0.13978 7.0 0.01979 3.0 0.43 126.3 3.8 132.8 8.8 250.6 145.8 126.3 3.8 
SPV9-14 261 7620 1.5 0.14043 5.5 0.01964 3.4 0.61 125.4 4.2 133.4 6.9 279.7 100.1 125.4 4.2 
SPV9-15 124 4008 2.1 0.13438 10.3 0.02016 4.1 0.39 128.7 5.2 128.0 12.4 115.8 224.7 128.7 5.2 
SPV9-16 223 4371 1.5 0.14606 4.5 0.02062 3.0 0.68 131.6 4.0 138.4 5.8 257.9 75.8 131.6 4.0 

                 
TC1-1 269 2371 1.8 0.12342 5.9 0.01896 3.3 0.56 121.1 4.0 118.2 6.6 59.6 117.1 121.1 4.0 
TC1-11 289 4534 1.6 0.13502 3.8 0.01893 2.0 0.53 120.9 2.4 128.6 4.6 273.2 73.5 120.9 2.4 
TC1-12 408 1217 1.2 0.13535 10.4 0.01875 2.4 0.23 119.7 2.8 128.9 12.6 301.1 231.0 119.7 2.8 
TC1-13 280 3550 2.0 0.12342 5.0 0.01857 1.7 0.34 118.6 2.0 118.2 5.6 108.8 111.5 118.6 2.0 
TC1-14 393 7570 1.7 0.13418 4.0 0.01914 1.4 0.35 122.2 1.7 127.8 4.8 233.6 87.1 122.2 1.7 
TC1-16 214 2319 1.9 0.13644 9.8 0.01917 2.7 0.28 122.4 3.3 129.9 12.0 268.6 217.3 122.4 3.3 
TC1-2 370 5466 2.2 0.12116 4.7 0.01714 2.3 0.48 109.6 2.5 116.1 5.2 252.4 95.8 109.6 2.5 
TC1-3 508 2616 1.8 0.11654 3.9 0.01777 1.6 0.41 113.6 1.8 111.9 4.1 77.2 84.6 113.6 1.8 
TC1-4 186 4050 2.2 0.12343 9.0 0.01773 3.2 0.35 113.3 3.6 118.2 10.1 217.6 196.0 113.3 3.6 
TC1-5 266 3153 2.0 0.12968 4.6 0.01919 1.0 0.22 122.5 1.2 123.8 5.4 148.5 105.5 122.5 1.2 
TC1-6 322 6113 1.5 0.13075 3.4 0.01933 1.7 0.50 123.4 2.1 124.8 4.0 150.8 69.7 123.4 2.1 
TC1-7 446 2025 1.3 0.11613 5.9 0.01735 2.2 0.38 110.9 2.4 111.6 6.2 126.2 127.6 110.9 2.4 
TC1-8 513 1945 1.2 0.12488 3.5 0.01813 2.3 0.67 115.8 2.7 119.5 3.9 192.9 60.6 115.8 2.7 
TC1-9 341 1288 1.7 0.12994 14.5 0.01852 2.7 0.19 118.3 3.2 124.0 16.9 235.3 330.3 118.3 3.2 
TC1-15 1296 11524 0.7 0.13981 1.5 0.02067 1.0 0.65 131.9 1.3 132.9 1.9 150.7 27.2 131.9 1.3 

                 
CS-117-1 789 9874 4.6 0.13200 4.0 0.01961 2.7 0.67 125.2 3.3 125.9 4.8 139.6 70.5 125.2 3.3 
CS-117-2 1166 16803 3.7 0.13508 1.7 0.01979 1.2 0.68 126.4 1.4 128.7 2.0 171.4 28.7 126.4 1.4 
CS-117-3 518 4859 4.6 0.12646 5.5 0.01898 3.0 0.55 121.2 3.6 120.9 6.3 114.6 109.3 121.2 3.6 
CS-117-4 1972 19283 3.6 0.13116 1.9 0.01984 1.1 0.58 126.7 1.3 125.1 2.2 96.4 35.9 126.7 1.3 
CS-117-5 805 9837 4.8 0.14014 3.0 0.02049 2.2 0.73 130.8 2.8 133.2 3.7 176.2 47.2 130.8 2.8 
CS-117-6 130 1463 2.6 0.12780 12.1 0.01989 4.1 0.34 126.9 5.1 122.1 14.0 29.4 274.8 126.9 5.1 
CS-117-7 997 6198 2.8 0.13895 4.0 0.02087 3.8 0.94 133.1 5.0 132.1 4.9 113.6 30.9 133.1 5.0 
CS-117-8 1178 15422 3.7 0.14357 2.9 0.02125 2.7 0.92 135.5 3.6 136.2 3.7 148.4 27.0 135.5 3.6 
CS-117-9 122 1678 2.9 0.14892 6.7 0.02071 3.8 0.56 132.1 4.9 141.0 8.8 291.9 127.2 132.1 4.9 
CS-117-10 272 3278 4.0 0.12775 5.9 0.01976 3.5 0.59 126.2 4.3 122.1 6.8 42.9 115.1 126.2 4.3 
CS-117-11 117 1263 5.5 0.12822 9.7 0.02061 4.7 0.49 131.5 6.2 122.5 11.2 -49.6 207.1 131.5 6.2 
CS-117-12 572 8531 3.3 0.14188 2.6 0.02060 1.3 0.49 131.5 1.7 134.7 3.3 192.7 53.9 131.5 1.7 
CS-117-14 719 4121 5.0 0.13384 2.9 0.02027 1.5 0.51 129.4 1.9 127.5 3.4 93.2 58.2 129.4 1.9 
CS-117-15 815 9518 5.8 0.13392 3.6 0.01989 2.6 0.71 127.0 3.2 127.6 4.4 139.6 60.3 127.0 3.2 
CS-117-16 323 1657 2.9 0.13153 14.3 0.02067 3.5 0.24 131.9 4.6 125.5 16.9 5.4 336.0 131.9 4.6 

                 
ALBERHILL-1 160 914 3.2 0.10879 25.2 0.01907 3.6 0.14 121.8 4.4 104.9 25.1 -264.5 640.0 121.8 4.4 
ALBERHILL-2 182 3837 2.7 0.13496 5.4 0.01978 3.1 0.57 126.3 3.9 128.5 6.6 170.4 103.8 126.3 3.9 
ALBERHILL-3 200 2555 2.5 0.13786 6.7 0.01926 4.5 0.68 123.0 5.5 131.1 8.2 281.4 112.6 123.0 5.5 
ALBERHILL-5 124 2640 2.5 0.15716 9.5 0.01983 4.0 0.42 126.6 5.0 148.2 13.1 509.8 189.3 126.6 5.0 
ALBERHILL-6 181 3450 2.5 0.13552 8.9 0.01957 1.4 0.16 125.0 1.7 129.0 10.8 205.0 204.8 125.0 1.7 
ALBERHILL-7 177 2578 2.7 0.12568 5.9 0.01948 2.1 0.36 124.4 2.6 120.2 6.7 38.7 132.7 124.4 2.6 
ALBERHILL-8 181 2045 2.1 0.13535 9.9 0.01949 1.7 0.17 124.4 2.1 128.9 12.0 211.8 227.3 124.4 2.1 
ALBERHILL-9 109 1395 2.1 0.13648 7.8 0.02018 2.0 0.26 128.8 2.6 129.9 9.6 150.4 177.7 128.8 2.6 
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ALBERHILL-10 187 3327 2.2 0.14610 5.7 0.01985 1.6 0.28 126.7 2.0 138.5 7.3 345.6 123.0 126.7 2.0 
ALBERHILL-11 174 500 2.4 0.14346 16.6 0.01975 2.6 0.16 126.1 3.3 136.1 21.2 314.6 375.0 126.1 3.3 
ALBERHILL-12 165 5748 2.5 0.14329 5.4 0.01984 2.1 0.38 126.7 2.6 136.0 6.9 301.6 114.7 126.7 2.6 
ALBERHILL-13 177 1715 2.5 0.12593 5.8 0.01956 2.2 0.38 124.9 2.8 120.4 6.6 33.7 129.4 124.9 2.8 
ALBERHILL-14 184 2870 2.6 0.14458 5.6 0.02003 1.7 0.30 127.9 2.1 137.1 7.2 300.4 121.8 127.9 2.1 
ALBERHILL-15 176 3837 2.6 0.13380 6.7 0.01997 2.1 0.31 127.5 2.7 127.5 8.1 128.1 150.9 127.5 2.7 
ALBERHILL-16 164 2363 2.5 0.13023 7.0 0.01970 3.2 0.45 125.8 3.9 124.3 8.2 96.2 148.0 125.8 3.9 

                 
BS105-1 146 2191 2.4 0.14394 10.6 0.01976 3.5 0.34 126.1 4.4 136.5 13.5 321.5 227.1 126.1 4.4 
BS105-2 160 1693 1.8 0.12595 8.5 0.01932 4.9 0.58 123.4 6.0 120.5 9.6 63.0 164.8 123.4 6.0 
BS105-3 232 2412 1.4 0.12110 6.2 0.01900 2.2 0.36 121.3 2.7 116.1 6.8 9.5 138.5 121.3 2.7 
BS105-4 123 1782 2.5 0.14119 6.8 0.01868 3.6 0.53 119.3 4.2 134.1 8.5 404.6 128.7 119.3 4.2 
BS105-5 188 2301 1.8 0.12615 9.2 0.01883 2.6 0.28 120.2 3.1 120.6 10.5 128.3 207.8 120.2 3.1 
BS105-6 455 3908 1.3 0.12913 3.2 0.01925 1.6 0.50 122.9 1.9 123.3 3.7 130.9 65.0 122.9 1.9 
BS105-7 167 2655 1.6 0.13678 6.3 0.01947 2.1 0.34 124.3 2.6 130.2 7.7 239.0 137.3 124.3 2.6 
BS105-8 147 2115 2.4 0.13408 5.7 0.01903 1.0 0.18 121.5 1.2 127.8 6.8 245.7 129.3 121.5 1.2 
BS105-9 238 1697 1.5 0.11577 15.3 0.01876 2.1 0.14 119.8 2.5 111.2 16.1 -68.2 370.8 119.8 2.5 
BS105-10 384 6837 1.4 0.13371 4.2 0.01948 1.9 0.46 124.4 2.4 127.4 5.0 184.9 86.0 124.4 2.4 
BS105-11 157 654 2.5 0.09051 33.6 0.01909 2.9 0.09 121.9 3.5 88.0 28.4 -757.7 964.2 121.9 3.5 
BS105-12 136 1604 1.3 0.12974 6.8 0.01916 2.6 0.38 122.3 3.1 123.9 8.0 153.1 147.9 122.3 3.1 
BS105-13 484 3816 1.5 0.12498 4.2 0.01907 1.6 0.37 121.8 1.9 119.6 4.8 75.6 93.9 121.8 1.9 
BS105-14 211 2359 2.1 0.13102 5.5 0.01917 2.1 0.38 122.4 2.5 125.0 6.5 175.0 119.1 122.4 2.5 
BS105-15 218 3104 1.6 0.13567 6.0 0.01979 2.3 0.38 126.3 2.9 129.2 7.2 182.6 128.6 126.3 2.9 
BS105-16 166 2047 2.2 0.13017 5.5 0.01982 2.3 0.42 126.5 2.9 124.3 6.4 81.4 118.7 126.5 2.9 
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Amphibole 40Ar/39Ar data 
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Microprobe Traverses for Plagioclase and Pyroxene phenocrysts 

Unaltered phenocrysts of plagioclase and clinopyroxene from basalt, basaltic andesite and andesite lavas in the 
northern Santa Ana Mountains were analyzed on a wavelength dispersive Cameca SX-50 electron microprobe 
at the University of California, Davis.  The least altered crystals were chosen in order to best sample original 
crystal chemistry.  Thin sections containing phenocrysts for analysis were polished to 0.3 microns.  Operating 
conditions for the wavelength dispersive Cameca SX-50 electron microprobe were 15 kV and a 10 nA beam 
current using an electron beam approximatelu 1 micron in diameter.  Peaks were counted for 10 seconds and 
low and high backgrounds for 5 seconds each.  Linear traverses were completed from core to rims for optically 
zoned plagioclase and pyroxene phenocrysts.  Structural formulae of the clinopyroxene analyses were 
calculated using the PX software (Gomez, 1990).  The pyroxene formula unit is normalized to six oxygens and 
classified according to the International Mineralogical Association nomenclature (Morimoto, 1988, 1989). 
 
References: 

Gomez, J.M., Cebria, 1990, PX: A program for pyroxene classification and calculation of end-members:   
American Mineralogist, v. 75, p. 1426 – 1427. 

 
Morimoto, N., 1988, Nomenclature of pyroxenes:  Bulletin de Mineralogie, v. 111, p. 535 – 550. 
Morimoto, N., 1989, Nomenclature of pyroxenes: Canadian Mineralogist, v. 27, p. 143 – 156. 
 
Supplementary Data Table 4 
 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample BS3RA  basaltic andesite 

 

 Core(1) 2 3 4 5 6 7 8 Rim(9) 

SiO2    48.66    48.30    47.23    47.06    47.35    47.78    51.26    52.03    56.64 
Al2O3    31.54    31.37    32.18    31.90    31.98    32.33    29.47    28.80    25.79 
FeO†      0.70      0.85      0.71      0.79      0.77      0.70      0.79      0.86      1.02 
MgO      0.06      0.08      0.09      0.09      0.08      0.06      0.12      0.10      0.15 
CaO    15.72    15.97    16.68    16.88    16.78    16.75    13.75    13.14      9.78 
Na2O      2.40      2.20      1.87      1.80      1.78      1.73      3.25      3.48      5.18 
K2O      0.02      0.02      0.00      0.01      0.00      0.01      0.04      0.14      0.29 
BaO      0.09      0.01      0.03      0.00      0.00      0.02      0.00      0.05      0.00 
Total    99.18    98.80    98.79    98.53    98.74   99.37    98.69    98.60    98.95 

Formula calculated on the basis of 8 oxygens 

Si 2.251 2.245 2.200 2.200 2.206 2.209 2.365 2.400 2.580 
Al 1.719 1.718 1.766 1.757 1.756 1.762 1.603 1.566 1.384 
Fe2+ 0.027 0.033 0.028 0.031 0.030 0.027 0.031 0.033 0.039 
Mg 0.004 0.006 0.006 0.006 0.006 0.004 0.008 0.007 0.010 
Ca 0.779 0.795 0.832 0.846 0.837 0.830 0.680 0.649 0.477 
Na 0.215 0.198 0.169 0.163 0.160 0.155 0.291 0.312 0.458 
K 0.001 0.001 0.000 0.001 0.000 0.000 0.002 0.008 0.017 
Ba 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 
          
An 0.7830 0.7993 0.8314 0.8378 0.8392 0.8424 0.6985 0.6700 0.5011 
Ab 0.2158 0.1995 0.1686 0.1615 0.1608 0.1572 0.2991 0.3215 0.4810 
Or 0.0012 0.0012 0.0000 0.0007 0.0000 0.0005 0.0025 0.0085 0.0179 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS307  basaltic andesite 

 

 Core(1) 2 3 4 5 6 7 8 9 

SiO2    49.75    50.01    50.90    53.32    53.67    51.54    52.68    54.35    50.23 
Al2O3    31.13    30.81    29.86    28.95    28.20    29.50    29.93    28.97    30.22 
FeO†      0.56      0.67      0.58      0.55      0.50      0.56      0.51      0.58      0.35 
MgO      0.06      0.06      0.08      0.03      0.05      0.02      0.07      0.06      0.03 
CaO    14.91    14.61    13.80    12.39    11.83    13.12    13.30    12.51    14.57 
Na2O      2.61      2.75      3.20      3.88      4.21      3.29      3.63      4.23      2.70 
K2O      0.07      0.11      0.10      0.15      0.14      0.17      0.13      0.13      0.10 
BaO      0.09      0.00      0.00      0.00      0.00      0.00      0.00      0.01      0.00 
Total    99.17    99.02    98.52    99.25    98.59   98.21  100.25  100.83    98.20 

Formula calculated on the basis of 8 oxygens 

Si 2.292 2.306 2.352 2.431 2.460 2.382 2.386 2.442 2.329 
Al 1.690 1.674 1.626 1.556 1.523 1.608 1.598 1.534 1.651 
Fe2+ 0.021 0.026 0.022 0.021 0.019 0.022 0.019 0.022 0.014 
Mg 0.004 0.004 0.005 0.002 0.003 0.001 0.005 0.004 0.002 
Ca 0.736 0.722 0.683 0.605 0.581 0.649 0.645 0.602 0.724 
Na 0.233 0.246 0.286 0.343 0.374 0.295 0.319 0.369 0.243 
K 0.004 0.007 0.006 0.009 0.008 0.01 0.008 0.007 0.006 
Ba 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
          
An 0.7563 0.7409 0.7002 0.6329 0.6034 0.6805 0.6642 0.6156 0.7444 
Ab 0.2396 0.2523 0.2935 0.3582 0.3883 0.3090 0.3280 0.3771 0.2495 
Or 0.0041 0.0068 0.0063 0.0089 0.0083 0.0105 0.0078 0.0073 0.0062 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS307  basaltic andesite - CONTINUED 

 

 10 11 12 13 14 15 16 17 Rim(18) 

SiO2    49.87    48.99    51.95    51.29    48.96    59.64    51.49    54.85    58.75 
Al2O3    30.88    32.35    29.94    30.25    31.88    25.72    30.52    27.23    26.04 
FeO†      0.51      0.40      0.53      0.58      0.70      0.57      0.46      0.75      0.79 
MgO      0.04      0.02      0.05      0.05      0.02      0.03      0.05      0.05      0.07 
CaO    15.25    16.18    13.69    13.90    15.86      8.26    13.97    11.15      8.11 
Na2O      2.66      2.10      3.56      3.09      2.37      6.00      3.27      4.45      5.50 
K2O      0.10      0.02      0.13      0.03      0.03      0.21      0.07      0.24      0.32 
BaO      0.00      0.00      0.02      0.00      0.01      0.09      0.00      0.04      0.21 
Total    99.31  100.05    99.87    99.18    99.83  100.52    99.83    98.75    99.78 

Formula calculated on the basis of 8 oxygens 

Si 2.295 2.241 2.367 2.351 2.249 2.649 2.346 2.508 2.632 
Al 1.675 1.744 1.608 1.634 1.725 1.347 1.639 1.467 1.375 
Fe2+ 0.02 0.015 0.02 0.022 0.027 0.021 0.017 0.029 0.029 
Mg 0.003 0.001 0.003 0.004 0.001 0.002 0.004 0.003 0.005 
Ca 0.752 0.793 0.668 0.683 0.781 0.393 0.682 0.546 0.389 
Na 0.238 0.186 0.315 0.274 0.211 0.517 0.289 0.394 0.477 
K 0.006 0.001 0.007 0.002 0.002 0.012 0.004 0.014 0.018 
Ba 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.004 
          
An 0.7554 0.8090 0.6747 0.7119 0.7859 0.4267 0.6995 0.5726 0.4397 
Ab 0.2388 0.1897 0.3179 0.2863 0.2125 0.5607 0.2965 0.4130 0.5395 
Or 0.0058 0.0013 0.0075 0.0018 0.0016 0.0127 0.0041 0.0144 0.0208 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample SP46  basaltic andesite 

 

 Core(1) 2 3 4 5 6 7 8 9 

SiO2    46.82    46.33    46.81    46.93    47.52    50.20    47.75    46.74    47.75 
Al2O3    33.21    32.08    32.17    32.60    31.62    30.65    32.18    32.29    32.35 
FeO†      0.32      0.44      0.39      0.42      0.62      0.43      0.54      0.63      0.50 
MgO      0.06      0.03      0.03      0.05      0.06      0.15      0.10      0.08      0.01 
CaO    17.75    16.52    17.28    17.26    16.78    14.81    16.95    17.25    16.74 
Na2O      1.25      1.78      1.64      1.46      1.76      2.54      1.63      1.66      1.78 
K2O      0.03      0.04      0.04      0.03      0.04      0.06      0.02      0.03      0.01 
BaO      0.00      0.01      0.00      0.08      0.00      0.00      0.09      0.00      0.00 
Total    99.43    97.23    98.35    98.83    98.39   98.82    99.26    98.68    99.15 

Formula calculated on the basis of 8 oxygens 

Si 2.166 2.190 2.190 2.184 2.220 2.314 2.211 2.182 2.211 
Al 1.810 1.787 1.774 1.788 1.741 1.665 1.756 1.777 1.765 
Fe2+ 0.012 0.017 0.015 0.016 0.024 0.017 0.021 0.025 0.019 
Mg 0.004 0.002 0.002 0.004 0.004 0.01 0.007 0.005 0.001 
Ca 0.879 0.837 0.866 0.861 0.84 0.731 0.841 0.863 0.830 
Na 0.112 0.163 0.149 0.132 0.16 0.227 0.146 0.151 0.160 
K 0.002 0.002 0.002 0.002 0.002 0.000 0.001 0.002 0.001 
Ba 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.000 0.000 
          
An 0.8853 0.8349 0.8518 0.8654 0.8385 0.7604 0.8507 0.8499 0.8381 
Ab 0.1129 0.1627 0.1460 0.1328 0.1593 0.2361 0.1480 0.1483 0.1613 
Or 0.0018 0.0024 0.0022 0.0018 0.0023 0.0034 0.0013 0.0018 0.0007 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DR2014096



 24

 
 
Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample SP46  basaltic andesite - CONTINUED 

 

 10 11 12 13 14 15 16 17 18 

SiO2    47.87    47.03    49.28    47.65    49.26    48.00    47.70    49.45    47.50 
Al2O3    32.23    33.26    30.78    32.43    31.98    31.71    31.62    29.86    32.04 
FeO†      0.55      0.56      0.42      0.38      0.49      0.45      0.49      1.44      0.68 
MgO      0.04      0.04      0.02      0.06      0.06      0.06      0.08      0.37      0.11 
CaO    16.68    17.64    15.38    16.77    15.75    16.60    16.35    15.24    16.38 
Na2O      1.75      1.42      1.27      1.83      2.25      1.97      2.28      2.32      1.75 
K2O      0.04      0.01      1.75      0.06      0.06      0.08      0.03      0.07      0.04 
BaO      0.00      0.15      0.00      0.00      0.00      0.00      0.00      0.00      0.02 
Total    99.15  100.11    98.90    99.17    99.85   98.86    98.55    98.76    98.51 

Formula calculated on the basis of 8 oxygens 

Si 2.216 2.166 2.290 2.206 2.256 2.229 2.224 2.299 2.214 
Al 1.758 1.805 1.686 1.769 1.726 1.736 1.738 1.636 1.76 
Fe2+ 0.021 0.022 0.016 0.015 0.019 0.017 0.019 0.056 0.026 
Mg 0.003 0.002 0.001 0.004 0.004 0.004 0.006 0.026 0.007 
Ca 0.827 0.870 0.766 0.832 0.773 0.826 0.817 0.759 0.818 
Na 0.157 0.127 0.114 0.164 0.200 0.177 0.206 0.209 0.158 
K 0.002 0.001 0.104 0.003 0.003 0.004 0.002 0.004 0.002 
Ba 0.002 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
          
An 0.8385 0.8723 0.7787 0.8321 0.7919 0.8196 0.7974 0.7806 0.8356 
Ab 0.1592 0.1272 0.1159 0.1646 0.2048 0.1760 0.2009 0.2153 0.1619 
Or 0.0023 0.0006 0.1054 0.0033 0.0034 0.0044 0.0017 0.0041 0.0025 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DR2014096



 25

 
 
Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample SP46  basaltic andesite - CONTINUED 

 

 19 20 21 22 23 24 RIM(25) 

SiO2    50.21    48.70    48.88    49.19    47.77    48.94    51.92 
Al2O3    30.46    30.80    31.37    31.09    32.88    31.58    29.95 
FeO†      0.66      0.69      0.57      0.66      0.49      0.61      0.70 
MgO      0.10      0.12      0.09      0.18      0.12      0.12      0.17 
CaO    14.91    15.76    16.23    16.32    16.79    16.35    14.31 
Na2O      2.65      2.22      2.08      2.06      1.69      2.01      3.03 
K2O      0.07      0.09      0.06      0.08      0.00      0.03      0.06 
BaO      0.00      0.00      0.05      0.03      0.00      0.00      0.00 
Total    99.08    98.37    99.34    99.59    99.73   99.63 100.12 

Formula calculated on the basis of 8 oxygens 

Si 2.314 2.269 2.256 2.265 2.198 2.252 2.361 
Al 1.666 1.691 1.707 1.688 1.783 1.713 1.605 
Fe2+ 0.026 0.027 0.022 0.025 0.019 0.023 0.026 
Mg 0.007 0.008 0.006 0.012 0.008 0.008 0.011 
Ca 0.736 0.787 0.803 0.805 0.828 0.806 0.697 
Na 0.237 0.246 0.200 0.187 0.184 0.151 0.179 
K 0.004 0.005 0.003 0.005 0.000 0.001 0.003 
Ba 0.000 0.000 0.001 0.001 0.000 0.000 0.000 
        
An 0.7532 0.7929 0.8088 0.8105 0.8457 0.8172 0.7205 
Ab 0.2424 0.2019 0.1879 0.1848 0.1541 0.1814 0.2759 
Or 0.0044 0.0052 0.0033 0.0047 0.0002 0.0015 0.0036 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample BS122 - andesite 

 

 Core(1) 2 3 4 5 6 7 8 9 

SiO2    52.89    52.23    53.50    51.83    52.31    52.61    52.17    53.09    52.35 
Al2O3    28.87    28.82    28.70    29.20    29.07    28.51    29.16    28.13    29.63 
FeO†      0.86      0.69      0.80      0.84      0.85      0.77      0.82      0.81      0.81 
MgO      0.12      0.11      0.09      0.09      0.12      0.09      0.10      0.10      0.08 
CaO    12.85    12.97    12.57    13.87    13.22    13.26    13.25    12.31    13.27 
Na2O      4.05      3.90      4.12      3.51      3.66      3.90      3.58      4.04      3.55 
K2O      0.03      0.06      0.04      0.04      0.06      0.04      0.05      0.08      0.05 
BaO      0.00      0.03      0.00      0.00      0.02      0.00      0.04      0.00      0.00 
Total    99.66    99.82    99.81    99.37    99.30   99.17    99.16    98.56    99.46 

Formula calculated on the basis of 8 oxygens 

Si 2.412 2.421 2.432 2.378 2.396 2.413 2.393 2.442 2.392 
Al 1.552 1.545 1.537 1.578 1.569 1.541 1.576 1.525 1.581 
Fe2+ 0.033 0.026 0.031 0.032 0.033 0.029 0.031 0.031 0.031 
Mg 0.008 0.007 0.006 0.006 0.008 0.006 0.006 0.007 0.006 
Ca 0.628 0.632 0.612 0.682 0.649 0.652 0.651 0.607 0.650 
Na 0.358 0.344 0.363 0.312 0.325 0.346 0.318 0.361 0.315 
K 0.001 0.003 0.002 0.002 0.003 0.002 0.003 0.005 0.003 
Ba 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
          
An 0.6361 0.6455 0.6262 0.6841 0.6638 0.6516 0.6698 0.6244 0.6718 
Ab 0.3625 0.3512 0.3714 0.3134 0.3327 0.3463 0.3270 0.3708 0.3255 
Or 0.0014 0.0033 0.0024 0.0025 0.0035 0.0022 0.0033 0.0048 0.0027 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample BS122 - andesite - CONTINUED 

 

 10 11 12 13 14 15 16 17 18 

SiO2    52.82    53.00    53.37    52.38    54.01    53.09    53.49    52.46    55.10 
Al2O3    28.73    28.05    28.34    28.19    28.33    28.89    28.69    28.87    27.32 
FeO†      0.88      0.71      0.79      0.69      0.74      0.74      0.77      0.72      0.71 
MgO      0.10      0.08      0.08      0.08      0.10      0.06      0.11      0.09      0.09 
CaO    13.16    13.04    12.76    12.97    12.44    12.79    12.18    13.22    11.30 
Na2O      3.86      3.71      3.97      4.13      4.16      3.91      4.42      3.71      4.73 
K2O      0.10      0.09      0.08      0.04      0.07      0.09      0.07      0.12      0.14 
BaO      0.00      0.12      0.05      0.00      0.03      0.00      0.02      0.09      0.09 
Total    99.65    99.79    99.44    98.49    99.88   99.57    99.76    99.28    99.48 

Formula calculated on the basis of 8 oxygens 

Si 2.412 2.437 2.437 2.419 2.451 2.420 2.433 2.404 2.504 
Al 1.546 1.520 1.525 1.534 1.515 1.552 1.538 1.559 1.463 
Fe2+ 0.034 0.027 0.003 0.027 0.028 0.028 0.029 0.028 0.027 
Mg 0.007 0.006 0.005 0.006 0.007 0.004 0.007 0.006 0.006 
Ca 0.644 0.642 0.624 0.642 0.605 0.625 0.594 0.649 0.550 
Na 0.342 0.330 0.352 0.370 0.366 0.346 0.390 0.330 0.417 
K 0.006 0.005 0.005 0.003 0.004 0.005 0.004 0.007 0.008 
Ba 0.000 0.002 0.001 0.000 0.001 0.000 0.000 0.002 0.002 
          
An 0.6497 0.6570 0.6364 0.6328 0.6203 0.6403 0.6011 0.6585 0.5639 
Ab 0.3447 0.3378 0.3587 0.3648 0.3758 0.3546 0.3946 0.3347 0.4276 
Or 0.0060 0.0052 0.0050 0.0025 0.0039 0.0051 0.0042 0.0068 0.0086 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample BS122 - andesite - CONTINUED 

 

 19 20 21 22 23 Rim(24)) 

SiO2    54.47    53.44    53.82    53.38    53.74    56.75 
Al2O3    27.61    27.95    28.68    27.96    26.86    26.37 
FeO†      0.74      0.87      0.90      1.07      1.35      1.31 
MgO      0.12      0.08      0.06      0.14      0.41      0.09 
CaO    11.59    12.29    13.84    12.50    11.74    10.29 
Na2O      4.41      3.94      3.49      4.06      4.26      5.14 
K2O      0.11      0.11      0.09      0.11      0.20      0.30 
BaO      0.10      0.00      0.05      0.07      0.00      0.19 
Total    99.14    98.68    98.92    99.27    98.55  100.44 

Si 2.485 2.454 2.390 2.445 2.477 2.556 
Al 1.484 1.513 1.559 1.509 1.460 1.400 
Fe2+ 0.028 0.033 0.035 0.041 0.052 0.049 
Mg 0.008 0.006 0.004 0.008 0.028 0.006 
Ca 0.567 0.605 0.684 0.613 0.580 0.496 
Na 0.390 0.351 0.312 0.361 0.380 0.449 
K 0.006 0.007 0.005 0.006 0.012 0.017 
Ba 0.002 0.000 0.001 0.001 0.000 0.003 
       
An 0.5887 0.6287 0.6835 0.6258 0.5968 0.5157 
Ab 0.4050 0.3645 0.3114 0.3679 0.3914 0.4662 
Or 0.0065 0.0069 0.0051 0.0063 0.0119 0.0181 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 4 
Plagioclase phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS272 - andesite 

 

 Core(1) 2 3 4 5 6 7 8 Rim(9) 

SiO2    48.64    49.31    50.87    49.12    50.10    50.64    48.23    48.94    51.65 
Al2O3    32.52    30.81    30.19    30.99    30.44    30.61    31.77    32.07    30.43 
FeO†      0.72      0.69      0.78      0.75      0.72      0.77      0.69      0.51      0.87 
MgO      0.08      0.05      0.05      0.11      0.05      0.06      0.06      0.05      0.25 
CaO    16.73    15.14    14.15    15.42    14.68    14.49    15.94    16.31    13.88 
Na2O      1.91      2.71      2.91      2.56      2.94      2.80      2.17      2.29      3.21 
K2O      0.03      0.04      0.02      0.03      0.02      0.04      0.06      0.04      0.18 
BaO      0.00      0.00      0.00      0.06      0.00      0.03      0.02      0.01      0.05 
Total 100.64    98.75    98.96    99.04    98.95   99.45    98.92  100.21 100.52 

Formula calculated on the basis of 8 oxygens 

Si 2.220 2.285 2.341 2.273 2.313 2.323 2.237 2.240 2.344 
Al 1.749 1.683 1.638 1.690 1.656 1.655 1.736 1.730 1.627 
Fe2+ 0.028 0.027 0.030 0.029 0.028 0.030 0.027 0.020 0.033 
Mg 0.005 0.004 0.003 0.008 0.004 0.004 0.004 0.004 0.017 
Ca 0.818 0.752 0.698 0.765 0.726 0.712 0.792 0.800 0.675 
Na 0.169 0.244 0.259 0.230 0.263 0.249 0.195 0.203 0.283 
K 0.002 0.002 0.001 0.002 0.001 0.003 0.003 0.002 0.010 
Ba 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.001 
          
An 0.8272 0.7533 0.7281 0.7676 0.7332 0.7394 0.7999 0.7957 0.6974 
Ab 0.1711 0.2443 0.2707 0.2307 0.2654 0.2580 0.1967 0.2021 0.2922 
Or 0.0017 0.0024 0.0012 0.0017 0.0014 0.0026 0.0034 0.0022 0.0105 

Notes: * Phenocrysts from lavas in the northern Santa Ana Mountains. 
† FeO* = total iron as FeO. 
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Supplementary Data Table 5 
Clinopyroxene phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS119 - basalt 

 Core(1) 2 3 4 5 6 7 8 9 10 11 

SiO2    51.15    51.05    51.59    50.71    51.76    51.78    51.41    51.45    50.94    49.19    48.67 
TiO2      0.39      0.42      0.52      0.46      0.44      0.53      0.40      0.43      0.55      0.76      0.82 
Al2O3      3.15      3.08      3.42      3.65      3.24      3.08      3.06      3.41      3.38      5.11      5.88 
Fe2O3      4.59      4.57      4.59      5.46      5.06      4.67      5.32      4.75      5.71      6.22      5.43 
Cr2O3      0.26      0.19      0.44      0.27      0.20      0.19      0.25      0.35      0.30      0.55      0.67 
FeO      1.52      1.30      1.71      0.68      1.09      1.50      1.08      1.16      0.85      0.30      1.20 
MnO      0.08      0.19      0.08      0.16      0.18      0.15      0.10      0.05      0.09      0.18      0.19 
MgO    17.22    17.20    17.22    16.83    17.47    17.34    17.33    17.21    17.22    16.14    15.28 
CaO    22.02    21.88    22.21    22.65    22.57    22.44    22.34    22.63    22.44    22.47    22.47 
Na2O      0.22      0.27      0.27      0.26      0.21      0.24      0.25      0.23      0.22      0.32      0.33 
Total 100.60  100.14 102.04 101.12 102.22 101.92 101.54 101.67 101.69 101.22 100.92 

Formula calculated on the basis of 6 oxygens 

Si 1.863 1.866 1.854 1.840 1.856 1.863 1.857 1.854 1.839 1.788 1.778 
Al 0.135 0.133 0.145 0.156 0.137 0.131 0.130 0.145 0.144 0.212 0.222 
Fe3+ 0.002 0.002 0.000 0.004 0.007 0.006 0.013 0.001 0.017   
Al          0.007 0.031 
Ti 0.011 0.012 0.014 0.013 0.012 0.014 0.011 0.012 0.015 0.021 0.023 
Fe3+ 0.124 0.124 0.124 0.145 0.129 0.120 0.132 0.128 0.138 0.170 0.149 
Cr 0.007 0.005 0.012 0.008 0.006 0.005 0.007 0.010 0.009 0.016 0.019 
Mg 0.935 0.937 0.922 0.910 0.933 0.929 0.933 0.924 0.927 0.874 0.832 
Fe2+ 0.046 0.040 0.051 0.021 0.033 0.045 0.033 0.035 0.026 0.009 0.037 
Mn 0.003 0.006 0.002 0.005 0.005 0.005 0.003 0.001 0.003 0.005 0.006 
Ca 0.859 0.857 0.855 0.881 0.867 0.865 0.864 0.874 0.868 0.875 0.880 
Na 0.015 0.019 0.019 0.018 0.015 0.016 0.017 0.016 0.015 0.022 0.023 
            
Wo 43.70 43.63 43.76 44.89 44.06 44.05 44.00 44.52 44.26 45.25 46.22 
En 47.52 47.71 47.18 46.39 47.43 47.32 47.48 47.10 47.26 45.20 43.70 
Fs   8.78   8.66   9.07   8.72   8.51   8.63   8.53   8.38   8.48   9.55 10.08 
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Supplementary Data Table 5 
Clinopyroxene phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS119 – basalt - CONTINUED 

 12 13 14 15 16 17 18 19 20 21 Rim(22) 

SiO2    49.67    49.89    49.34    49.15    48.81    49.27    49.39    51.04    51.13    50.93    48.18 
TiO2      0.81      0.83      0.78      0.78      0.77      0.68      0.71      0.53      0.49      0.48      0.71 
Al2O3      5.80      5.93      5.83      5.78      5.63      5.68      5.31      4.29      3.87      3.59      5.66 
Fe2O3      4.60      3.42      5.22      5.91      5.50      5.41      5.04      3.97      4.36      5.33      5.63 
Cr2O3      0.37      0.37      0.45      0.28      0.26      0.26      0.31      0.33      0.22      0.27      0.32 
FeO      1.70      3.13      1.15      0.53      0.72      1.57      1.54      1.92      1.55      0.66      1.37 
MnO      0.09      0.03      0.03      0.10      0.08      0.08      0.12      0.10      0.09      0.04      0.15 
MgO    15.86    15.38    15.81    15.85    15.44    15.76    15.45    16.49    16.60    16.90    15.00 
CaO    22.33    22.29    22.57    22.98    22.98    22.27    22.80    22.50    22.70    22.82    22.39 
Na2O      0.31      0.28      0.31      0.25      0.28      0.27      0.28      0.27      0.28      0.28      0.27 
Total 101.55 101.55 101.48 101.59 100.46 101.25 100.94 101.44 101.29 101.28    99.64 

Formula calculated on the basis of 6 oxygens 

Si 1.797 1.808 1.788 1.780 1.788 1.791 1.802 1.845 1.851 1.844 1.783 
Al 0.203 0.191 0.212 0.221 0.212 0.209 0.198 0.155 0.149 0.153 0.217 
Fe3+          0.003  
Al 0.045 0.062 0.037 0.026 0.031 0.035 0.031 0.028 0.016  0.030 
Ti 0.022 0.023 0.021 0.021 0.021 0.019 0.019 0.014 0.013 0.013 0.020 
Fe3+ 0.125 0.093 0.142 0.161 0.152 0.148 0.138 0.108 0.119 0.142 0.157 
Cr 0.011 0.011 0.013 0.008 0.008 0.007 0.009 0.009 0.006 0.008 0.009 
Mg 0.856 0.831 0.854 0.856 0.843 0.854 0.840 0.889 0.896 0.912 0.828 
Fe2+ 0.051 0.095 0.035 0.016 0.022 0.048 0.047 0.058 0.047 0.020 0.042 
Mn 0.003 0.001 0.001 0.003 0.002 0.003 0.004 0.003 0.003 0.001 0.005 
Ca 0.866 0.866 0.876 0.892 0.902 0.868 0.892 0.872 0.881 0.885 0.889 
Na 0.022 0.019 0.022 0.017 0.020 0.019 0.020 0.019 0.019 0.019 0.020 
            
Wo 45.55 45.92 45.93 46.27 46.96 45.18 46.42 45.18 45.29 45.16 46.26 
En 45.01 44.06 44.74 44.40 43.88 44.49 43.74 46.06 46.05 46.51 43.12 
Fs   9.44 10.02   9.33   9.33   9.16 10.33   9.84   8.76   8.66   8.33 10.62 
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Supplementary Data Table 5 
Clinopyroxene phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS255 – basaltic andesite 

 Core(1) 2 3 4 5 6 7 Rim(8) 

SiO2    53.05    52.54    52.11    51.97    50.50    49.94    51.46    52.27 
TiO2      0.37      0.29      0.39      0.38      0.68      0.60      0.43      0.41 
Al2O3      3.09      3.05      3.24      3.68      5.50      4.58      3.23      2.57 
Fe2O3      1.76      2.81      2.28      1.87      2.56      3.26      3.11      2.22 
Cr2O3      0.54      0.32      0.27      0.40      0.09      0.01      0.05      0.02 
FeO      3.39      2.14      2.88      3.01      4.46      5.39      6.96      7.20 
MnO      0.08      0.08      0.05      0.06      0.12      0.23      0.28      0.30 
MgO    16.58    16.63    16.07    15.82    14.84    14.17    14.56    14.95 
CaO    23.44    23.68    23.72    23.82    22.60    21.97    21.21    21.33 
Na2O      0.16      0.19      0.15      0.15      0.22      0.27      0.33      0.30 
Total 102.44 101.73 101.16 101.15 101.57 100.40 101.63 101.56 

Formula calculated on the basis of 6 oxygens 

Si 1.899 1.891 1.890 1.885 1.835 1.848 1.887 1.913 
Al 0.101 0.108 0.110 0.115 0.164 0.153 0.114 0.087 
Fe3+         
Al 0.029 0.021 0.029 0.042 0.071 0.047 0.026 0.024 
Ti 0.010 0.008 0.011 0.010 0.018 0.017 0.012 0.011 
Fe3+ 0.047 0.076 0.062 0.051 0.070 0.091 0.086 0.061 
Cr 0.015 0.009 0.008 0.011 0.003 0.000 0.001 0.001 
Mg 0.885 0.892 0.869 0.855 0.804 0.781 0.796 0.815 
Fe2+ 0.101 0.064 0.087 0.091 0.136 0.167 0.213 0.220 
Mn 0.002 0.003 0.001 0.002 0.004 0.007 0.009 0.009 
Ca 0.899 0.914 0.922 0.926 0.880 0.871 0.833 0.837 
Na 0.011 0.013 0.011 0.011 0.015 0.019 0.024 0.021 
         
Wo 46.47 46.88 47.49 48.10 46.49 45.44 43.02 43.07 
En 45.72 45.78 44.73 44.42 42.45 40.76 41.08 41.97 
Fs   7.81   7.34   7.78   7.48 11.06 13.80 15.91 14.97 
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Supplementary Data Table 5 
Clinopyroxene phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS307 – basaltic andesite 

 Core(1) 2 3 4 5 6 7 8 Rim(9) 

SiO2    52.05    50.66    51.84    51.01    52.21    51.32    52.27    51.47    51.90 
TiO2      0.54      0.66      0.41      0.45      0.43      0.53      0.48      0.45      0.51 
Al2O3      2.22      2.63      2.40      2.86      1.58      2.87      2.09      2.25      2.03 
Fe2O3      2.57      1.98      2.74      3.30      2.32      3.16      1.72      2.61      3.45 
Cr2O3      0.00      0.00      0.00      0.00      0.03      0.00      0.00      0.00      0.05 
FeO      8.32      8.59      6.74      6.39      7.39      7.24      7.88      7.47      6.70 
MnO      0.28      0.36      0.28      0.21      0.12      0.26      0.23      0.24      0.37 
MgO    14.90    13.93    15.08    14.63    15.40    14.89    15.60    15.03    15.65 
CaO    20.19    20.34    20.98    21.18    20.92    20.61    19.97    20.29    20.65 
Na2O      0.36      0.29      0.34      0.36      0.23      0.30      0.31      0.31      0.24 
Total 101.43    99.42 100.80 100.37 100.64 101.18 100.55 100.12 101.54 

Formula calculated on the basis of 6 oxygens 

Si 1.914 1.906 1.911 1.891 1.929 1.890 1.928 1.913 1.902 
Al 0.085 0.095 0.089 0.109 0.069 0.110 0.072 0.087 0.088 
Fe3+     0.002    0.010 
Al 0.011 0.022 0.015 0.016  0.015 0.019 0.011  
Ti 0.015 0.019 0.011 0.012 0.012 0.015 0.013 0.013 0.014 
Fe3+ 0.071 0.056 0.076 0.092 0.063 0.088 0.048 0.073 0.085 
Cr 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 
Mg 0.817 0.781 0.828 0.809 0.848 0.817 0.858 0.833 0.855 
Fe2+ 0.256 0.270 0.208 0.198 0.228 0.223 0.243 0.232 0.205 
Mn 0.009 0.011 0.009 0.007 0.004 0.008 0.007 0.008 0.011 
Ca 0.796 0.820 0.828 0.841 0.828 0.813 0.789 0.808 0.811 
Na 0.026 0.021 0.025 0.025 0.016 0.022 0.022 0.023 0.017 
          
Wo 40.84 42.29 42.51 43.21 42.03 41.73 40.58 41.37 41.21 
En 41.93 40.29 42.49 41.53 43.01 41.92 44.09 43.63 43.44 
Fs 17.23 17.42 15.00 15.26 14.96 16.35 15.33 16.00 15.35 
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Supplementary Data Table 5 
Clinopyroxene phenocryst microprobe traverse from the northern Santa Ana Mountains* 

Sample CS272 - andesite 

 Core(1) 2 3 4 5 6 7 8 9 10 Rim(11) 

SiO2    51.97    51.82    51.82    52.66    52.31    52.03    51.56    52.48    52.06    52.39    52.66 
TiO2      0.44      0.59      0.47      0.47      0.55      0.54      0.56      0.53      0.45      0.50      0.42 
Al2O3      2.62      2.89      2.65      2.08      2.65      2.92      2.87      1.86      1.93      2.25      1.80 
Fe2O3      3.29      2.52      3.94      1.34      1.57      1.89      1.87      1.88      3.32      1.25      1.74 
Cr2O3      0.03      0.00      0.00      0.00      0.02      0.00      0.00      0.00      0.04      0.02      0.10 
FeO      6.82      7.22      5.98      8.29      8.35      8.56      8.33      8.02      7.12      8.87      8.45 
MnO      0.23      0.36      0.30      0.25      0.23      0.28      0.49      0.34      0.29      0.24      0.40 
MgO    15.35    15.40    15.45    15.47    14.93    14.70    14.69    15.34    15.56    14.89    15.18 
CaO    20.76    20.51    20.98    20.23    20.63    20.43    20.15    20.63    20.63    20.24    20.45 
Na2O      0.33      0.26      0.36      0.29      0.31      0.32      0.29      0.24      0.23      0.33      0.27 
Total 101.84 101.56 101.96 101.08 101.53 101.67 100.82 101.30 101.64 100.98 101.45 

Formula calculated on the basis of 6 oxygens 

Si 1.898 1.896 1.889 1.934 1.917 1.907 1.906 1.928 1.908 1.931 1.934 
Al 0.103 0.104 0.111 0.066 0.084 0.092 0.094 0.072 0.083 0.069 0.066 
Fe3+         0.008   
Al 0.010 0.020 0.003 0.024 0.031 0.034 0.031 0.008  0.029 0.012 
Ti 0.012 0.016 0.013 0.013 0.015 0.015 0.016 0.015 0.012 0.014 0.012 
Fe3+ 0.091 0.069 0.108 0.037 0.043 0.052 0.052 0.052 0.083 0.035 0.048 
Cr 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.003 
Mg 0.836 0.840 0.839 0.847 0.816 0.803 0.810 0.840 0.850 0.818 0.831 
Fe2+ 0.208 0.221 0.182 0.254 0.256 0.263 0.257 0.246 0.218 0.273 0.260 
Mn 0.007 0.011 0.009 0.008 0.007 0.009 0.015 0.010 0.009 0.007 0.012 
Ca 0.812 0.804 0.819 0.796 0.810 0.802 0.798 0.812 0.810 0.799 0.805 
Na 0.023 0.018 0.026 0.021 0.022 0.023 0.020 0.017 0.016 0.023 0.019 
            
Wo 41.57 41.33 41.84 41.00 41.93 41.61 41.30 41.42 41.12 41.36 41.16 
En 42.77 43.16 42.85 43.60 42.22 41.62 41.89 42.83 43.14 42.32 42.49 
Fs 15.66 15.50 15.31 15.40 15.85 16.77 16.81 15.75 15.74 16.32 16.36 
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