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The metamorphic history of high-grade rocks provides invaluable insight into 
the thermomechanical processes of subduction zones. While subduction in 
most orogens is terminated by continent collision entailing variably strong 
overprint of related units, the Franciscan Complex of California allows 
studying a >150 Myr long subduction history that started at ~175 Ma and 
ended by transformation into a transform plate boundary (San Andreas fault) 
without significant metamorphic overprint. The highest grade metamorphic 
rocks of the Franciscan Complex of California are found as blocks in 
serpentinite and shale matrix mélanges. They include amphibolites, 
eclogites, blueschists, and blueschist facies metasediments. These 
Franciscan mélanges inspired the subduction channel return-flow model, but 
other processes e.g., buoyancy-driven serpentinite diapirism have been 
argued to be concordant with our current understanding of their metamorphic 
history, too.

Introduction

 We find: (i) Exhumation from the eclogite-amphibolite facies only occurred at 165–155 Ma with an apparent southward 
younging trend. (ii) Exhumation of the blocks was uniform and fast in the eclogite-amphibolite facies with rates of 2–8 km/Myr. In 
the blueschist facies exhumation of the blocks was less uniform and slowed by an order of magnitude. (iii) The age of 
amphibole in a metasomatic reaction zone indicates that at least one amphibolite was enclosed in a serpentinite matrix at ~155 
Ma already. Considering the entire subduction zone system, the high-grade exhumation temporally correlates with a significant 
pulse of magmatism in the respective magmatic arc (Sierra Nevada) and termination of forearc spreading (Coast Range 
Ophiolite).
Our findings do not support a steady-state process that is continuously exhuming high-grade rocks. Instead the subduction zone 
system appears to have changed with an eventlike character resulting in exhumation of high-grade rocks enclosed in 
serpentinite.

Figure 1. Early proposed model of subduction channel return flow 
(Cloos 1982). Main prediction of this continuous process model: 
Prograde and retrograde metamorphism occur at all grades at all 
times.

Study Setup

We sampled high-grade blocks f rom 
serpentinite and serpentinite-shale mélanges. 
We focused on eclogite-amphibolites that 
were previously investigated petrologically 
and geochronologically (primarily Lu-Hf 
garnet). We dated amphibole, phengite, and 
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zircon using the Ar/ Ar and U-Pb systems, 
respectively.

Figure 4 (↑): Tectonic and metamorphic overview 
map of northern and central California. Investigated 
locals in the Franciscan complex are color coded in 
conjunction with figure 5. Modified from Mulcahy et 
al. (2018).

Figure 3 (↑): Exemplary high-grade block 
TIBB in the field (a) and in thin section (b).
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We investigate a suite of metabasite blocks from serpentinite and shale matrix mélanges of the Califonia Coast Ranges. Our new dataset consists of U-Pb dates of metamorphic zircon and 40Ar/39Ar dates of calcic amphibole and white mica. Combined with published geochronology, particularly prograde Lu-Hf garnet ages we can reconstruct the timing and time scales of prograde and retrograde metamorphism of individual blocks.

We sampled high-grade blocks from 
serpentinite and serpentinite-shale 
mélanges. We focused on eclogite-
amphibolites that were previously 
invest igated pet ro log ica l ly  and 
geochronologically (primarily Lu-Hf 
garnet). We dated amphibole, phengite, 
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and zircon using the Ar/ Ar and U-Pb 
systems, respectively.

Study Setup
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40 39Figure x: Ar/ Ar geochronology results. Apparent age spectra with weighted mean ages and integrated gas ages 

(K-Ar equivalent) are reported for all samples and aided by inverse isochron plots  for samples with complex 
40 36Ar/ Ar composition. Results from amphibole and white mica are in red and green tones, respectively. Uncertainties 

are plotted at the 1σ level, but calculated results are at the 2σ level for ease of comparability with other methods. 

Further analytical detail in Table x and Table Sx.
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Results 1 - Timescales of Metamorphism

40 39Figure 6 (→): Published and new Ar/ Ar amphibole and 
white mica ages from high-grade blocks and eclogite-
amphibolite facies coherent units displayed in histograms, 
probability density functions (line), and kernel-density 
estimate curves (area).

Figure 5 (↑). Summary of geochronologic data for Franciscan 
high-grade bocks and coherent units and comparison with 
chronology of accretion of Franciscan Complex sedimentary 
units, Coast Range ophiolite genesis, Great Valley group 
sedimentation, and Sierra Nevada magmatism. Samples 
described in black font experienced eclogite-amphibolite 
facies and variable blueschist facies overprint while those in 
blue font experienced only blueschist facies metamorphism. 
Abbreviations: A2004 - (Anczkiewicz et al., 2004); CS2007 - (Catlos & Sorensen, 
2003); C2011 - (Cooper et al., 2011); D2010 - (Dumitru et al., 2010); H2008 - 
(Hopson et al., 2008); M2009 - (Mulcahy et al., 2009); M2014 - (Mulcahy et al., 
2014); M2018 - (Mulcahy et al., 2018); P2014 - (Page et al., 2014); PD2015 - 
(Paterson & Ducea, 2015); RS1988 - (Ross & Sharp, 1988); S2011 - (Shervais et 
al., 2011); U2012 - (Ukar et al., 2012); WD2007 - (Wakabayashi & Dumitru, 2007).

Hypothesis 1: Continuous Subduction Channel Return Flow    
       (Cloos 1982)
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Hypothesis 2: Cooling of the Subduction Zone after Subduction

Figure 2. Geothermometric estimates vs. age diagram for 
analyzed samples. Slope of the regression line suggests ca. 15 
°C/Ma cooling rate for the Franciscan subduction (Anczkiewicz 
et al., 2004).

Lu-Hf garnet
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Figure 7. (a) Tt diagram showing dates of 
geochronometers of individual blocks as a 
function of the peak-T determined for the 
block.
(b) PT diagram showing peak-PT data of 
blocks and coherent units along with the 
approximate age of peak metamorphism, 
estimated between prograde Lu-Hf garnet 

40 39
or U-Pb zrc and retrograde Ar/ Ar 
hornblende or phengite dates. The arrows 
indicate maximum pressure estimates.

Ÿ Geothermal gradients ranged 
7-14°C/km.

Key Findings:

Ÿ Younger metamorphism was 
rather hotter than cooler.

Key Findings:
Ÿ Prograde metamorphism appears temporally variable, but geochronometers may date 

variable PT conditions
40 39

Ÿ Ar/ Ar amphibole ages cluster at 165-159 Ma with a N-S younging trend

    became more variable 

  - high-T retrograde metamorphism of eclogite-amphibolite was fast and uniform

  - Exhumation rates of eclocite-amphibolite slowed in the blueschist facies and

40 39
Ÿ Duration between Ar/ Ar amphibole and white mica dates ranges 2–14 Myr
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