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Appendix S1: U-Pb LA-ICP-MS analyses

Zircon grains from the samples were analyzed in three different laboratories. The U-Pb
age data for the samples are reported in Tables DR1-DR3 along with age data for the standards
analyzed throughout the different analytical sessions. The analytical procedures for the labs are
described below.

UC Davis

Sample TB-4 and one grain mount of TB-5 were analyzed at UC Davis using a Thermo
Scientific Element-XR single-collector ICP-MS coupled to a Photo Machines Analyte 193H ArF
excimer laser. Laser settings for U-Pb zircon analyses were as follows: a laser energy density of
1.49 J/em? or 1.2 J/ecm? with a repetition rate of 5 Hz. A 31.4 pum diameter laser spot size was
used. Each analysis was ~2 minutes consisting of 30 seconds of background, followed by 60
seconds of laser ablation, followed by 30 seconds of monitored wash out. Zircon crystal 91500
(1065 Ma; Wiedenbeck et al., 1995) was used as the primary bracketing standard. Five additional
zircon crystals with well-characterized U-Pb ages were used throughout the analyses as
secondary standards. Initially, Plesovice (337.1 + 0.4 Ma; Slama et al. 2008), GJ1 (608.5 + 1.5
Ma; Jackson et al. 2004), and B266 (559 + 0.2 Ma; Stern and Amelin, 2003) were run as
alternating secondary U-Pb age standards. After the initial series of U-Pb analyses, R33 (419.3 +
0.4 Ma; Black et al. 2004), FC-1 (1099.1 £ 1.2 Ma; Schmitz and Bowring, 2001), and Temora 2
(416.78 £ 0.33 Ma; Black et al. 2004) were also analyzed for more robust age comparisons. The
analytical sequence followed was: five 91500, three secondary standards, two unknowns, two
91500, five unknowns, two 91500, three secondary standards, two unknowns, two 91500, five
unknowns, etc. Data reduction was performed using lolite (v.2.5) with the VisualAge-
UcomPbine data reduction scheme (Paton et al., 2010). For both zircon standards and unknowns,
~50 seconds of the laser ablation interval was integrated for U-Pb age calculations. Final isotopic
ratios and ages are reported in Table DR2. In all the analyses, the known ages and measured ages
of the standards was within 2—4 % (2s uncertainty).

For U-Pb dates older than 1100 Ma, we quote the 2°’Pb/?°Pb age as the best age, and for
dates younger than 1100 Ma, we quote the 2*°Pb/?*8U age. For Mesozoic age zircon, the low
abundance of >°’Pb results in a relatively large uncertainty in the 2°’Pb/**>U and 2°’Pb/**®Pb ratios
compared 2°°Pb/>8U ratio. Consequently, we only refer to the 2°°Pb/?*8U age for Mesozoic grains
and do not apply concordance filter for these grains. For dates older than the Mesozoic, we
discarded data from our final interpretation if: 1) total laser ablation integration time was too
short, resulting in standard errors too large to be geologically meaningful; 2) discordance was >
10%; or 3) the 2o error on the best age was larger than 10%.

Arizona Laserchron Center

Sample JW-1Z-001 and one grain mount of TB-5 were analyzed at the Arizona
Laserchron Center. The procedures for these analyses are identical to those reported in Dumitru
et al. (2013, data repository 2013046) and are briefly discussed here.

Ablation analyses of zircon used a spot diameter of 30 microns on a New Wave
UP193HE Excimer. Isotopes of U and Pb were analyzed using a Nu HR ICP-MS (Gehrels et al.,



2006, 2008). Each analysis consisted of ~15 seconds of background collection, ~15 seconds of
laser firing, and ~30 second of wash out prior to the next analysis. Ablation pits were typically
~15 pum in depth. ALC’s Sri Lanka zircon standard (563.5 + 3.2 Ma; 20 error) was analyzed
every fifth measurement and was used to correct for inter-element fractionation of Pb/U.

Data reduction was done using Iolite v. 2.5 (Paton et al., 2010) using the same procedure
for the samples run at UC Davis. Uncertainties presented in the Table DR3 are at the 1 level,
and include only measurement errors. Data was discarded using the same criteria as the UC
Davis samples.

UC Santa Barbara

Samples UECQ and LECQ and new mounts of TB-4 and TB-5 were analyzed at UC
Santa Barbara using a Nu Instruments Plasma HR-ES multi-collector ICP-MS coupled to a
Photon Machines 193 nm excimer Analyte laser. Samples were analyzed using a 19.3 um laser
spot that was set to shoot 60 shots at a rate of 4 Hz and a fluence of 2.26 J/cm?. Each analysis
consisted of ~15 seconds of background collection, followed by ~15 seconds of lasering, and
~20 seconds of washout prior to the next analysis. Zircon standard 91500 was used as the
primary bracketing standard; GJ1, Plesovice, and SL1 were run as secondary standards to assess
accuracy and precision (Wiedenbeck et al., 1995; Jackson et al., 2004; Slama et al., 2008).

Data reduction was done using Iolite v. 2.5 (Paton et al., 2010) using the same procedure
for the samples run at UC Davis. Data was discarded using the same criteria as the UC Davis
samples.

A word on comparing/combining U-Pb data from different lab groups

In this study, we pool data from TB-4 and TB-5 that were collected from different
laboratories. Combining data from laboratories does not compromise our findings. The same
standards analyzed at the different labs are all in excellent agreement, suggesting the data
collected for TB-4 and TB-5 are comparable.

Figure DR1 compares the probability distribution functions for the ages collected for the
same samples at different labs. No obvious bias is observed among the data sets. The ages
collected from sample TB-4 all yield a dominant Mesozoic age range between ~180 Ma and 100
Ma, and show consistent age peaks at ~110, 125, 140 and 160 Ma. The data for TB-4 collected at
UCSB shows a larger age range for older grains. However, more grains were analyzed at UCSB
and the large spread of Precambrian ages likely reflects that larger population of grains analyzed
in the UCSB sessions. Despite being collected in three different labs, sample TB-5 also yields
strikingly similar results: the 180—-100 Ma age range is present throughout, and the two major age
peaks at ~110 Ma and ~140 Ma are ubiquitous. The Precambrian grains are consistently few;
minor differences in the age ranges for these older grains are attributed to the different number of
grains analyzed. Finally, we note that the youngest grains for TB-4 were solely from analyses at
UC Davis. We cannot be entirely certain that the youngest grains are robust because the same
grains were not analyzed in different labs, but we note that the MDA does not change whether
we include or exclude the youngest grains (MDA of 112 £ 1 Ma with the eight youngest grains



from UCD vs. 113 = 1 Ma without the eight youngest grain from UCD using the method outlined
below). For these reasons, we consider pooling the different data sets for the same samples
justified.

Appendix S2: Best age and MDA determination

In addition to using the weighted mean of the three youngest grains of each sample as the
MDA, we also determined the MDA using the procedure outlined in Dumitru et al. (2010). The
procedure consists of selecting the youngest zircons and calculating the weighted mean age,
MSWD, and probability that the group of selected grain ages conform to a single population. The
number of grains within the youngest zircon population is increased by one grain until the
probability that the selected grain ages comprise a single population drops below a 10% limit
(Table DR4; see also Dumitru et al., 2018). This method usually resulted in MDA within 2c
error of the youngest grain.

REFERENCES CITED

Bero, D.A., 2014, Geology of Ring Mountain and Tiburon Peninsula, Marin County, California:
California Geological Survey Map Sheet 60 [with text], scales 1:12:000 and 1:6000, 2
sheets, p. 35.

Black, L.P., Kamo, S.L., Allen, C.M., Davis, D.W., Aleinikoff, J.N., Valley, J.W., Mundil, R.,
Campbell, LH., Korsch, R.J., Williams, 1.S., and Foudoulis, C., 2004, Improved 2°°Pb/?*8U
microprobe geochronology by the monitoring of a trace-element-related matric effect;
SHRIMP, ID-TIMS, ELA-ICP-MS and oxygen isotope documentation for a series of zircon
standards: Chemical Geology, v. 205, p. 115-140,
https://doi.org/10.1016/j.chemgeo0.2004.01.003.

Brocker, M., and Day, H.W., 1995, Low-grade blueschist facies metamorphism of

metagreywackes, Franciscan Complex, northern California: Journal of Metamorphic
Geology, v. 13, p. 61-78, https://doi.org/10.1111/5.1525-1314.1995.tb00205.x.

Chapman, A.D., Jacobson, C.E., Emst, W.G., Grove, M., Dumitru, T., Hourigan, J., and Ducea,
M.N., 2016, Assembling the world’s type shallow subduction complex: Detrital zircon
geochronologic constraints on the origin of the Nacimiento block, central California Coast
Ranges: Geosphere, v. 12, p. 533-557, https://doi.org/10.1130/GES01257.1.

Dumitru, T.A., Wakabayashi, J., Wright, J.E., and Wooden, J.L., 2010, Early Cretaceous
transition from nonaccretionary behavior to strongly accretionary behavior within the
Franciscan subduction complex [p. none indicated.]: Tectonics, v. 29, no. 5,
https://doi.org/10.1029/2009TC002542.

Dumitru, T.A., Ernst, W.G., Hourigan, J.K., and McLaughlin, R.J., 2015, Detrital zircon U-Pb
reconnaissance of the Franciscan subduction complex in northwestern California:
International Geology Review, v. 57, no. 5-8, p. 767-800,
https://doi.org/10.1080/00206814.2015.1008060.

Dumitru, T.A., Elder, W.P., Hourigan, J.K., Chapman, A.D., Graham, S.A., and Wakabayashi,
J., 2016, Four Cordilleran paleorivers that connected Sevier thrust zones in Idaho to



https://doi.org/10.1016/j.chemgeo.2004.01.003
https://doi.org/10.1029/2009TC002542
https://doi.org/10.1080/00206814.2015.1008060

depocenters in California, Washington, Wyoming, and, indirectly, Alaska: Geology, v. 44,
no. 1, p. 75-78, https://doi.org/10.1130/G37286.1.

Dumitru, T.A., Hourigan, J.K., Elder, W.P., Ernst, W.G., and Joesten, R., 2018, New, much
younger ages for the Yolla Bolly terrane and a revised timeline for accretion in the
Franciscan subduction complex, California, in Ingersoll, R. V., Lawton, T. F., and Graham,
S. A., eds., Tectonics, Sedimentary Basins, and Provenance: A Celebration of William R.
Dickinson’s Career: Geological Society of America Special Paper 540, p. 339-366.

Echeverria, L.M., 1978, Petrogenesis of metamorphosed intrusive gabbros in the Franciscan
complex, California [Ph.D. thesis]: Stanford, California, USA, Stanford University, p. 187.

Ernst, W.G., and McLaughlin, R.J., 2012, Mineral parageneses, regional architecture, and
tectonic evolution of Franciscan metagreywackes, Cape Mendocino-Garberville-Covelo 30’
x 60" quadrangles, northwest California: Tectonics, v. 31, no. 1, article no. TC1001,
https://doi.org/10.1029/2011TC002987.

Ernst, W.G., Martens, U., and Valencia, V., 2009, U-Pb ages of detrital zircons in Pacheco Pass
metagraywackes: Sierran-Klamath source of mid-Cretaceous and Late Cretaceous
Franciscan deposition and underplating: Tectonics, v. 28, TC6011,
https://doi.org/10.1029/2008TC002352.

Erickson, R., 2011, Petrology of a Franciscan olistostrome with a massive sandstone matrix: The
King Ridge Road mélange at Cazadero, California, in Wakabayashi, J., and Dilek, Y., eds.,
M¢élanges: Processes of formation and societal significance: Geological Society of America
Special Paper 480, p. 171188, https://doi.org/10.1130/2011.2480(07).

Gehrels, G.E., Valencia, V.A., and Pullen, A., 2006, Detrital zircon geochronology by laser-
ablation multicollector ICPMS at the Arizona LaserChron Center: The Paleontological
Society Papers, v. 12, p. 67-76, https://doi.org/10.1017/S1089332600001352.

Gehrels, G.E., Valencia, V.A., and Ruiz, J., 2008. Enhanced precision, accuracy, efficiency, and
spatial resolution of U-Pb ages by laser ablation—multicollector—inductively coupled
plasma—mass spectrometry. Geochemistry, Geophysics, Geosystems, no. 9.

Jackson, S.E., Pearson, N.J., Griffin, W.L., and Belousova, E.A., 2004, The application of laser
ablation-inductively coupled plasma-mass spectrometry to in situ U-Pb zircon
geochronology: Chemical Geology, v. 221, p. 4769,
https://doi.org/10.1016/j.chemgeo.2004.06.017.

Joesten, R., Wooden, J.L., Silver, L.T., Ernst, W.G., and McWilliams, M.O., 2004, Depositional
age and provenance of jadeite-grade metagraywacke from the Franciscan accretionary
prism, Diablo Range, central California—SHRIMP Pb-isotope dating of detrital zircon:
Geological Society of America Abstracts with Programs, v. 36, no. 5, p. 120.

Ludwig, K.R., 2008, Isoplot 3.70: Special Publication 4, Berkeley Geochronology Center,
Berkeley, California, USA.

Paton, C., Woodhead, J. D., Hellstrom, J. C., Hergt, J. M., Greig, A., and Maas, R., 2010,
Improved laser ablation U-Pb zircon geochronology through robust downhole fractionation
correction: Geochemistry, Geophysics, Geosystems, v. 11, QOAAQ6,
doi:10.1029/2009GC002618



https://doi.org/10.1130/G37286.1
https://doi.org/10.1029/2008TC002352
https://doi.org/10.1130/2011.2480(07)
https://doi.org/10.1017/S1089332600001352
https://doi.org/10.1016/j.chemgeo.2004.06.017

Prohoroff, R., Wakabayashi, J., and Dumitru, T.A., 2012, Sandstone matrix olistostrome
deposited on intra-subduction complex serpentinite, Franciscan Complex, western Mann
County, California: Tectonophysics, v. 568, p. 296305,
https://doi.org/10.1016/].tecto.2012.05.018.

Schmitz, M.D., and Bowring, S.A., 2001, U-Pb systematics of the Fish Canyon Tuff: an
assessment of high precision U-Pb geochronology and its application to young volcanic
rocks: Geochimica et Cosmochimica Acta, v. 65, no. 15, p. 2571-2587,
https://doi.org/10.1016/S0016-7037(01)00616-0.

Slama, J., Kosler, J., Condon, D.J., Crowley, J.L., Gerdes, A., Hanchar, J.M., Hostwood, M.S.A.,
Morris, G., Nasdala, L., Norberg, N., Schaltegger, U., Schoene, B., Tubrett, M.N., and
Whitehouse, M.J., 2008, Plesovice zircon-A new natural reference material for U-Pb and Hf
isotopic analysis: Chemical Geology, v. 249, p. 1-35,
https://doi.org/10.1016/j.chemgeo0.2007.11.005.

Snow, C.A., Wakabayashi, J., Ernst, W.G., and Wooden, J.L., 2010, Detrital zircon evidence for
progressive underthrusting in Franciscan metagraywackes, west-central California:
Geological Society of America Bulletin, v. 122, no. 1-2, p. 282-291,
https://doi.org/10.1130/B26399.1.

Stern, R.A., and Amelin, Y., 2003, Assessment of errors in SIMS zircon U-Pb geochronology
using a natural zircon standard and NIST SRM 610 glass: Chemical Geology, v. 197, no. 1,
p. 111-142, https://doi.org/10.1016/S0009-2541(02)00320-0.

Tripathy, A., Housh, T.B., Morisani, A.M., and Cloos, M., 2005, Detrital zircon geochronology
of coherent pyroxene-bearing rocks of the Franciscan Complex, Pacheco Pass, California:
Implications for unroofing: Geological Society of America Abstracts with Programs, v. 37,

no. 7, p. 18.

Unruh, J.R., Dumitru, T.A., and Sawyer, T.L., 2007, Coupling of early Tertiary extension in the
Great Valley forearc basin with blueschist exhumation in the underlying Franciscan
accretionary wedge at Mount Diablo, California: Geological Society of America Bulletin,
v. 119, no. 11-12, p. 1347-1367, https://doi.org/10.1130/B26057.1.

Wakabayashi, J., 2015, Anatomy of a subduction complex: Architecture of the Franciscan
Complex, California, at multiple length and time scales: International Geology Review, v.
57, p. 669—746, https://doi.org/10.1080/00206814.2014.998728.

Wakabayashi, J., and Dumitru, T.A., 2007, “°Ar/*’Ar ages from coherent, high-pressure
metamorphic rocks of the Franciscan Complex, California: Revisiting the timing of
metamorphism of the world’s type subduction complex: International Geology Review, v.
49, no. 10, p. 873-906, https://doi.org/10.2747/0020-6814.49.10.873.

Whitney, D.L., and Evans, B.W., 2010, Abbreviations for names of rock-forming minerals: The
American Mineralogist, v. 95, p. 185—187, https://doi.org/10.2138/am.2010.3371.

Wiedenbeck, M., Alle, P., Corfu, F., Griffin, W.L., Meier, M., Oberli, F., Von Quadt, A.,
Roddick, J.C., and Spiegel, W., 1995, Three Natural Zircon Standards for the U-Th-Pb, Lu-
Hf, Trace Element and REE Analyses: Geostandards and Geoanalytical Research, v. 19,

p. 1-23, https://doi.org/10.1111/j.1751-908X.1995.tb00147 .x.



https://doi.org/10.1016/j.tecto.2012.05.018
https://doi.org/10.1016/S0016-7037(01)00616-0
https://doi.org/10.1016/j.chemgeo.2007.11.005
https://doi.org/10.1130/B26399.1
https://doi.org/10.1016/S0009-2541(02)00320-0
https://doi.org/10.1130/B26057.1
https://doi.org/10.1080/00206814.2014.998728
https://doi.org/10.2138/am.2010.3371
https://doi.org/10.1111/j.1751-908X.1995.tb00147.x

100 140 180 220 260 300 500 1000 1500 2000 2500

251 T8-4 UC Davis
[ N =139
I i/ Tﬁ'/[ -] el =il ]

“r UCsB
I N =191
i A TN — | e

100 140 180 220 260 300 500 1000 1500 2000 2500
12k 1 | TB-5 | UC Davis

| lr ﬁ‘j}r\ N =140
16 N Arizona LaserChron|Center
i T N =99

m o =3 Iﬂlh:_m
0

25F UCSB
I N =174
[ m e
10 140 180 220 260 300 500 1000 1500 2000 2500
Age (Ma)

Figure S1. Comparison of U-Pb age probability-density curves for samples analyzed at different
labs. Analyses at different labs yield the same age patterns for samples TB-4 and TB-5. Note that
the samples are binned at 4 Ma for ages <300 Ma and binned at 100 Ma for ages >300 Ma.



Figure S2. Representative photomicrographs of the Franciscan sandstones analyzed in this study
(N=5), taken under plane-polarized. Sample TB-1 is from the same outcrop as sample JW-1Z-
001. Mineral assemblages are summarized in Table 1. Mineral abbreviations are after Whitney
and Evans (2010).



