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ABSTRACT:

Santa Clara County preserves geological evidence spanning two billion years of Earth history, challenging conventional
interpretations that describe this region as comprising scattered Mesozoic oceanic fragments. Systematic analysis of isotopic,
geochemical, structural, and ecological data reveals active preservation of Precambrian crustal materials and processes rather
than passive remnants of Jurassic-Cretaceous oceanic crust.

Recent isotopic studies provide direct evidence for this ancient heritage. Coast Range Ophiolite peridotites yield model ages
of ~1.5 Ga. Point Sal peridotites show >20% melt depletion with 1870s/1880s ratios indicating significant ancient signatures
preserved in refractory mantle domains.

Modern geochemical conditions match optimal parameters for serpentinization indicating ongoing deep crustal activity
rather than passive remnants. Historical ecological patterns, systematic earthquake damage distributions, and organized
geochemical signatures reflect surface expression of ancient mantle processes that remain structurally active through fault-
controlled circulation systems.

Mercury mineralization, alkali meadow distribution, and integrated hydrothermal circulation demonstrate that billion-year-
old serpentinization systems continue operating beneath the urbanized landscape. Analysis reveals systematic transport of
blueschist-facies minerals and Franciscan greenstone, with blue amphibole concentrations increasing with depth, indicating
ongoing erosion of high-pressure metamorphic systems.

Santa Clara County represents a natural laboratory where deep-time Earth processes span multiple supercontinent cycles
and remain directly observable through their continued influence on modern surface environments. The integration of
ancient materials with active fault systems creates opportunities to study billion-year geological evolution.
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INTRODUCTION

The San Francisco Bay Area represents one of the most
geologically complex terrains in North America, shaped by
crustal interaction, oceanic accretion, mantle exposure, and
plate reorganization. Its current configuration results from
repeated accretionary and obductionary events that
assembled ancient oceanic and continental fragments,
culminating in modern exposure of deep-sea lithologies on
continental surfaces.

Santa Clara County occupies a critical position by preserving
geological relationships that span from Archean mantle
processes through multiple supercontinent cycles to modern
transform tectonics. The region preserves evidence of
complete Wilson cycles, with mineral assemblages recording
distinct phases of Earth's deep-time evolution.

The evidence supporting this interpretation includes:
isotopic signatures documenting billion-year model ages
with direct connections to Nuna/Columbia supercontinent
processes; systematic surface patterns indicating active
subsurface processes rather than passive geological
remnants; integrated circulation systems maintaining
continuous access to ancient materials through fault-
controlled networks; and ongoing chemical activity
demonstrating that ancient systems remain structurally
active and continue to influence modern surface
environments.

This analysis employs systematic integration of isotopic,
geochemical, ecological, and structural evidence to develop
a comprehensive framework explaining Santa Clara
County's acknowledged geological complexities. The
convergence of independent analytical approaches provides
robust support for the deep-time interpretation while
demonstrating the limitations of conventional models that
treat the region as a collection of disconnected geological
fragments.

The study demonstrates that conventional geological
mapping, when combined with deep-time analysis, reveals
Santa Clara County as a natural laboratory preserving direct
evidence of Earth's deep-time evolution. The ongoing
operation of billion-year-old processes offers unprecedented
opportunities to study continental margin development and
the preservation of ancient geological systems.

The following sections present detailed evidence supporting
this framework, demonstrating how systematic analysis of
regional geological patterns reveals Santa Clara County as a
unique window into processes spanning Earth's
supercontinent cycles and their continued influence on
modern surface environments. A separate forthcoming
paper will also discuss the deep-time biological implications
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of this present study.

SANTA CLARA VALLEY: THE
VALLEY OF HEART’S DELIGHT

Santa Clara County was built upon what geologists now
recognize as some of the most complex and chaotic
geological terrain in North America. The central portion of
Santa Clara County was fertile agricultural flatland once
referred to as "The Valley of Heart's Delight,” yet this same
area sits atop a geological structure so complex and
mysterious that there remains no consensus on the
underlying geology, only consensus that there are multiple,
chaotic formations and that there is generally no consensus
(Langenheim, 2015; Santa Clara Co., 2012).

Since at least 1769, residents and travelers have described the
Santa Clara Valley in extraordinary terms. Writer Bayard
Taylor, traveling in 1859, described the valley as "unlike
anything else in the world; with a beauty so new and
dazzling, that all ordinary comparisons are worthless”
(1951). Land surveyor Tracy (1853) described a valley
"remarkable for its beauty and fertility” (Beller et al., 2010).

The 1881 History of Santa Clara County describes the soil in
Santa Clara Valley as producing "a crop of marvelous
profusion and excellence” (Munro-Fraser, 1881). The U.S.
government reported that orchard crops from Santa Clara
Valley "were of unusually high quality” with "beautiful fruit”
that created "international acclaim” (USDA, 2015).

What made this agricultural success particularly remarkable
was its consistency and exceptional quality across diverse
crops. The valley supported everything from grain fields to
world-famous orchards, with fruit quality that set
international standards. This extraordinary fertility across
such a broad range of agricultural products suggests
something systematic about the underlying soil chemistry
and geological processes.

Serpentinization reactions release Mg**, Ca®*; and OH™ ions
into circulating groundwater, creating naturally alkaline
conditions (pH 8-11) optimal for nutrient availability. The
process also releases trace elements including boron,
molybdenum, and selenium which are essential for plant
growth but typically limiting in California soils.

As this mineral-rich groundwater reaches surface through
springs and diffuse seepage, it deposits these nutrients
across the valley floor through irrigation and seasonal
flooding. The resulting soil chemistry (high cation exchange
capacity, optimal pH buffering, and trace element
supplementation) created the systematic agricultural
advantage observed across diverse crop types, explaining
both the consistency and exceptional quality that set
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international standards.

Today, soil across Santa Clara County generally has high
electrical conduction (strongly saline), contains alkaline
water, has high sodium absorption and high cation exchange,
and has poor drainage (Walkinshaw et al., 2023). This
alkaline, mineral-rich chemistry that once produced
extraordinary crops reflects systematic geochemical
processes.

The current valley floor represents a relatively recent
development in a much longer geological story. The 10-17
Ma topography of what is now Santa Clara Valley probably
resembled the present-day Santa Cruz Mountains or Diablo
Range, with broad areas of shallow marine deposition and
local areas of deep marine deposition (Langenheim, 2015).
The transformation from mountainous terrain to fertile
valley occurred through processes operating on deep-time
timescales.

Continental margins experience relatively intense geological
activity compared to most places over time. California’s long,
complex, and active geologic history explains the diversity of
rock types and the variety of geologic processes that have
acted on these rocks, leading to the formation of an unusual
diversity of mineral deposits (Dellinger, 1989). Santa Clara
County sits at the intersection of these continental margin
processes, preserving a record of geological evolution that
extends deep into Earth's history.

DEEP TIME GEOLOGY

THE FRAMEWORK: SOLVING SANTA
CLARA COUNTY'S GEOLOGICAL
MYSTERIES

Santa Clara County represents one of the most geologically
complex and scientifically significant regions in California,
yet conventional geological frameworks have repeatedly
failed to explain the systematic patterns observed. While
there's no consensus on the underlying geology, there is
consensus that there are multiple, chaotic formations,
complexes, and sediments—including overlaid and
intersecting groups of rock referred to as the Franciscan
Complex, Coast Range ophiolite, Sierra Azul block, Santa
Clara Formation, Temblor Formation, and the Great Valley
Sequence (Langenheim, 2015).

Researchers openly acknowledge fundamental gaps in
understanding. "The distribution of Santa Clara gravels...is
puzzling” and "no one tectonic model completely explains
the history of Santa Clara Valley” (Langenheim, 2015). More
broadly, "Little is known about the early geologic history of
California” (Dellinger, 1989). Earthquake studies reveal
systematic damage patterns where "The origin of damage in
this zone is elusive” as Santa Clara does not have mapped
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faults (Brabb and Hanna, 1981; Carter and Jachens, 1993).

When shallow-time models repeatedly fail to explain
systematic patterns, the answer is usually that the patterns
are older and more systematic than assumed. The
complexity observed in Santa Clara County requires time
and process scales that conventional Mesozoic timelines
simply cannot provide.

This study represents the first systematic attempt to explain
Santa Clara County's acknowledged geological mysteries by
working backwards from what we observe to determine what
processes and timeframes could actually produce these
results. The answer: two billion years of preserved crustal
evolution.

Isororic EVIDENCE FOR ANCIENT
MANTLE HERITAGE

Isotopic analysis acts like a geological fingerprint, revealing
when and how rocks formed by measuring the ratios of
different atomic versions (isotopes) of elements within
minerals. When rocks undergo major geological processes
(like melting, crystallization, or alteration) they acquire
distinctive isotopic signatures that persist for billions of
years. These signatures allow geologists to trace materials
back to their original formation environments and dates,
even when the rocks have been heavily modified by later
events.

For Santa Clara County's geological materials, isotopic
evidence provides the most direct proof that we're dealing
with far more ancient processes than conventional models
recognize. Rather than simple 160-million-year-old oceanic
fragments, the isotopic signatures reveal billion-year-old
mantle materials that preserve records of Earth's deep-time
evolution.

DIRECT EVIDENCE FOR BILLION-YEAR
HERITAGE

Recent isotopic studies provide compelling proof that Santa
Clara County's geological materials preserve ancient
signatures spanning back to supercontinent cycles. Coast
Range Ophiolite peridotites yield aluminachron model ages
of ~1.5 Ga, with researchers noting this "may correspond to
rifting of the Columbia supercontinent” (Choi et al., 2024).
This demonstrates that these materials preserve
Mesoproterozoic mantle signatures and evidence of
processes that occurred during the assembly and breakup of
ancient supercontinents.

Model ages differ from crystallization ages. While a rock may
have been physically emplaced in its current location
relatively recently, model ages reveal when the source
material underwent its original differentiation from primitive
mantle. A 1.5 billion-year model age means the mantle
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source experienced major melting events during
supercontinent cycles, creating the chemical signatures we
observe today.

MULTIPLE LINES OF IsoToric EVIDENCE

The Coast Range Ophiolite peridotites are divided into two
groups: abyssal and supra-subduction zone types. The
abyssal-type peridotites are particularly significant because
they represent residues after <5% melting of the primitive
upper mantle. They are remnants of oceanic lithosphere that
were trapped in a subduction setting before being re-melted
or modified by later processes.

Critically, these abyssal-type peridotites yield an
aluminachron model age of ~1.5 Ga, implying that the Coast
Range Ophiolite mantle had experienced episodes of melt
extraction before the current ophiolite crust was formed
(Choi et al., 2024). This means we're not looking at simple
oceanic crust that formed 160 million years ago, but rather
ancient mantle materials that preserve evidence of billion-
year-old melting events.

Point Sal peridotites provide additional confirmation of
ancient heritage, showing >20% melt depletion of a fertile
mantle protolith with 1870s/1880s = ~0.129, indicating
significant ancient signatures (Snortum & Day, 2020).
These peridotites have 1870s/1880s values ranging from
0.1188 to 0.1315. These ratios are crucial for understanding
their history.

Osmium isotope ratios (1870s/1880s) act like a geological
clock for mantle materials. Very low ratios (like those found
here) indicate materials that have been depleted of certain
elements for extremely long periods. This is exactly what
we'd expect from ancient mantle that underwent major
melting events billions of years ago. Further, some refractory
abyssal peridotites show very depleted ratios implying long-
term preservation of refractory mantle domains.

EVIDENCE OF ACTIVE, PRESERVED
SYSTEMS

The preservation of distinct highly siderophile element
patterns, coupled with low 1870s/1880s values, supports a
scenario where these peridotites were not substantially
rehomogenized by later thermal events, enabling billion-year
preservation. In most geological settings, ancient signatures
get erased by subsequent heating and chemical exchange.
The fact that these ancient signatures survived indicates
very specific preservation conditions.

Critically, these studies also document Late Miocene
alteration events affecting the peridotites, interpreted as
related to tectonic changes and hydration-dehydration
reactions in response to changes in Pacific-North American
plate motion (Snortum & Day, 2020). This proves these
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ancient systems remain structurally active and accessible,
not passive fossil remnants.

The combination of billion-year model ages with evidence of
recent alteration demonstrates that ancient materials
continue to interact with modern geological processes. This
ongoing activity is exactly what we'd expect if Santa Clara
County preserves active deep-time systems rather than
isolated fragments.

IMPLICATIONS FOR REGIONAL
UNDERSTANDING

These aren't 161 Ma oceanic fragments that happened to get
emplaced during Mesozoic subduction. They're ancient
mantle materials with documented Mesoproterozoic
signatures that preserve direct records of supercontinent-
scale processes. The isotopic evidence directly contradicts
conventional models that treat this region as a collection of
relatively young oceanic remnants.

The isotopic signatures provide a direct temporal link
between Santa Clara County materials and the deep-time
processes that shaped early continental margins during
supercontinent cycles.

The preservation of these ancient signatures, combined with
evidence for ongoing alteration and access, indicates that
Santa Clara County doesn't just contain old rocks. It
preserves active systems that have operated continuously
since Precambrian time, maintaining their ability to
influence modern surface environments through fault-
controlled circulation and ongoing serpentinization
processes.

SUPERCONTINENT CONTEXT:
PRECAMBRIAN CONTINENTAL MARGIN
PROCESSES

Having established that these materials preserve 1.5+ billion
year signatures, it becomes necessary to examine the
Precambrian geological processes that could produce the
systematic patterns observed in Santa Clara County. The
temporal framework emerges through analysis of Laurentia’s
position during key supercontinent cycles and the processes
operating along its western continental margin during
Mesoproterozoic time.

NUNA/COLUMBIA ASSEMBLY (1.8-1.6
GA): ACTIVE MARGIN PROCESSES

Laurentia first assembled from large fragments of Archean
crust around 2.0 to 1.8 Ga during global-scale collisional
events, then became the core of the supercontinent Nuna
around 1.9-1.6 Ga (Karlstrom et al., 2001). During Nuna
assembly, western Laurentia occupied a crucial position in
global paleogeography. At 1.6 Ga, E-W-directed collision
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between the Laurentian and Australian blocks formed a N-
S-striking compressional fabric recording Barrovian-type
metamorphism (Pourteau et al., 2018).

Evidence confirms that Australia was positioned near North
America as part of the Columbia/Nuna supercontinent.
Researchers analyzed zircons in Georgetown rocks now in
northern Australia and found they matched chemical
signatures of similar-aged rocks in northwestern Canada,
validating that this chunk of continental crust was
transferred from North America to Australia during ancient
supercontinent movements (Nordsvan et al., 2018). The
west coast of Laurentia (what is now California, Nevada, BC,
Yukon) was an active margin, colliding with cratons like
Australia, Antarctica, and Siberia.

(b) 1720 Ma

(a) 1720 Ma

Internal
n basin

@w

Alternative reconstructions of the Nuna Supercontinent in 1720
Ma and 1650 Ma. (Gibson and Withnall, 2020).

RODINIA ASSEMBLY & BREAKUP (1.1-0.6
GA): MARGIN DEVELOPMENT

The Rodinia supercontinent assembled through worldwide
orogenic events between 1,300 Ma and 900 Ma, involving all
existing continental blocks. Around 1.07 Ga, Laurentia was
part of supercontinent Rodinia, rotated approximately 90
degrees clockwise compared with its modern orientation,
with East Antarctica and Australia to the north, Siberia to
the east, and Baltica and Amazonia to the south (Li et al.,
2008).

During Rodinia’s breakup (~1.1-1.0 Ga), massive
hydrothermal systems activated, and rifting triggered crustal
extension, slab rollback, and spreading centers with
hydrothermal circulation into old lithosphere. The first
major break-up event occurred along the western margin of

Laurentia, creating an extensional continental margin from
Mexico to Yukon during the breakup of Rodinia about 900-
800 Ma, commencing with a series of Precambrian rift
basins, followed by the development of a wedge of Paleozoic
continental margin sediments.

-1.35

ser  LAURENTIA
2 2

(A‘r‘

W Shortening Direction
&% Faults and Shear Zones
¥ Dikes

8 Sedimentary Basins
Volcanics and Juvenile Cru
<=1\ Granite and Anorthosite
[T Pre-1.6 Ga Crust

[T37 Age (Ga) of granite, mafic dikeq

B. 1.56-1.3Ga %

Reconstruction of Laurentia circa 1.5-1.3 Ga
(Karlstrometal, 2001).

OPTIMAL CONDITIONS FOR LONG-TERM
PRESERVATION

During the Rodinia breakup (~750-600 Ma), crustal rifting
plus slab rollback allowed seawater to percolate into ancient
upper mantle, creating serpentinization conditions ideal for
preserving ancient materials. This made the rock less dense
and chemically reactive, attracting biogenic and silica-rich
fluids. These are the perfect conditions for preserving
microbial textures, biogenic silica, and opalite veins.
Serpentinite is too buoyant to sink deeply into the mantle and
tends to stall at the base of subduction zones. Once
tectonically sliced into the continental margin, it becomes
locked in place.

The preservation mechanism operates through several
complementary processes:

Density Isolation: Serpentinized materials (density
~2.6 g/cm®) are significantly less dense than surrounding
rocks (~2.8-3.2 g/cm?®), preventing subduction recycling
and maintaining position in upper crustal levels.

Structural Protection: Location at continental margins
provided shelter from intense thermal events that would
have destroyed these materials in cratonic interiors.

Continuous Hydration: Ongoing serpentinization
reactions consume potential thermal energy that might
otherwise drive dehydration and destruction.

Tectonic Renewal: Repeated fault reactivation
continuously exposes fresh surfaces for serpentinization
while maintaining structural pathways, preventing
system shutdown through complete reaction or sealing.
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This creates a self-sustaining system where ancient materials
remain chemically and structurally active rather than
becoming passive fossil remnants.

TEMPORAL BRIDGE TO MESOZOIC
INTEGRATION & ASSEMBLY

The Mesozoic Farallon subduction event (180-50 Ma)
represents the final major assembly phase that incorporated
already-ancient materials into their current structural
configuration, not their origin. Understanding this
distinction is critical for recognizing how billion-year-old
processes became integrated into California’s modern
geological framework.

Mulcahy et al. (2018) estimate that Franciscan subduction
was occurring no later than 180 Ma, beginning in the
Jurassic, and continuing to emplace material until about 25
Ma. The onset of Farallon plate subduction beneath western
North America created the Franciscan subduction complex,
consisting of deformed and metamorphosed sedimentary
and volcanic rocks subducted to depths of 19-32 km
(Wakabayashi, 2015).

Critically, oceanic lithosphere including serpentinized
mantle fragments from earlier stages was subducted to
depths of 30-60 km and metamorphosed under blueschist-
facies conditions (>2 GPa, 200-500°C, 4-14°C/km
geothermal gradient) before being tectonically incorporated
into the accretionary wedge as exotic blocks. Blueschist
occurs in scattered pods or belts in Franciscan Assemblage
rocks, typically in association with serpentinite, with
scattered exposures throughout the Diablo Range and
southeastern Santa Cruz Mountains between Lexington
Reservoir and Morgan Hill (Stoffer, 2002).

The formation and exhumation of these high-pressure
assemblages represents a coordinated continental-scale
tectonic event. Rocks that subducted to depths of up to 80
km all came up at the same time around 160 million years
before present, with cooling rates up to ~140°C/Ma
indicating extremely rapid exhumation (Rutte, 2020). Most
significantly, both high- and low-T mafic blueschists are
coeval and probably formed along 1000+ km of the North
American Plate margin at ~160-155 Ma (Ukar, 2012).

The accretionary complex was tectonically assembled. Later
Phanerozoic accretion (Farallon, Franciscan) represents
piles of new material on top of older materials. The ancient,
serpentinized mantle and crust were already at the
continental edge, then came Paleozoic microplates and arcs,
Mesozoic subduction of the Farallon Plate, and the
Franciscan Complex, all obducted on top of older mantle.

Around 30 Ma, changes in plate configurations gradually
changed the entire geologic framework of California as

GJoViK, ASHLEY: DEEP TIME GEOLOGY IN SANTA CLARA COUNTY (2025)

subduction gave way to transform faulting, resulting in
formation of the San Andreas Fault system (Stoffer, 2002).
The transition to transform tectonics (50 Ma-present)
created the current San Andreas fault system, which
continues to rework and expose ancient materials.

It's like a bookshelf that got knocked over sideways and then
cracked in half. So, now ancient mantle material is at the
surface (serpentinite); opalite/silica are along faults and
shears; the Franciscan complex is slab fragments tilted,
rotated, shattered; and fluids are still moving through
fractures. This progression demonstrates how continental
margins evolve through complete Wilson cycles while
preserving evidence of earlier tectonic episodes.

BEYOND ALLUVIAL FANS

After widespread uplift and erosion across Santa Clara
Valley, the area began to subside and receive sediment
around 1-1.5 million years ago, forming the modern Santa
Clara Basin. Seismic-reflection data indicate that strata
within this basin are generally flat-lying and parallel to the
ground surface, with alluvial sections at most 400 meters
thick overlying irregular Mesozoic basement or horizontal
Miocene-Pliocene sedimentary sections (Langenheim,
2015).

Conventional geological descriptions of Santa Clara County
rely heavily on the term "alluvial fans” to explain surface
deposits (Plan Bay Area, EIR 3.8, June 2021), but this
terminology obscures more than it reveals.

While "alluvial fans” accurately describes the distribution
pattern (water deposited sediments in fan-shaped
formations) it provides no insight into the composition,
chemistry, or origin of these materials. Geologists use
"alluvial fans” as intellectual shorthand, but it avoids
analyzing what the deposits actually consist of or why they
exhibit the patterns observed.

The observed patterns (systematic depth zonation,
organized geographic distribution, sustained chemical
signatures, and integrated creek system behavior) indicate
active subsurface processes maintaining surface expressions.

CREEK SYSTEM CHEMICAL ZONATION

Historic reconstructions demonstrate systematic chemical
zonation where creek systems transition from mountain
sources through distinct hydrochemical zones before
reaching the bay, indicating organized geochemical
processes rather than random alluvial transport.

Academic reconstruction of historic Bay Area ecology and
watersheds shows only one permanent creek in the Santa
Clara County area that flowed from the Santa Cruz
mountains to the bay, alongside the Guadalupe River. These

PAGE 8 OF 34



1800-1850 reconstructions show Saratoga Creek running
from the hills in south Saratoga, then flowing past a marsh,
and into Sanjan Creek, which then met Guadalupe River at
the bay tidal marshes (Beller, E. et al, Nov. 2010). Saratoga
Creek (now connected to San Tomas Acquinas Creek), was
also a source of the "alluvial fans” (Cal. Dept. of Consv.
2002).

Historical Conditions, Circa 1850 (SFEL 2010).

The 1850 ecology maps show the area where Saratoga Creek
flows alongside the freshwater marsh, and where it merges
with Sanjan Creek, to be in a "wet meadow.” Once Sanjan
Creek passes U.S.-101 as it flows to the bay, the 1850
reconstructions show it entering an area designated "alkali
meadow” (Beller, E. et al, Nov. 2010).

Alkali meadows occurred as an ecotone in the low areas
between wet meadow and south San Francisco Bay tidal
marshlands. As Reed (1862) describes the alkaline area just
east of San José, "it was a medium between the two, it was
neither like the upland nor like the Salt marsh, but it partook
of the character of both.” It included both lands subject to
extreme high tidal flooding and poorly drained non-tidal
soils.

SERPENTINE TERRANE HYDROLOGY

San Tomas Aquino Creek displays characteristic serpentine
terrane behavior that contradicts normal alluvial drainage
patterns. Like Calabazas Creek, San Tomas Aquino Creek
channel lost definition well before reaching the Bay.
Researchers have described the "scatters” of the creek
around Hamilton Avenue, and the "sink” of the creek around
Williams Road, a mile further north (Beller, E. et al, Nov.
2010).
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Disconnected distributary channels flowed north below the
terminus of the San Tomas Aquino Creek, hydrologically
connecting diffuse wet season flows to Sanjon Creek and
even above its terminus, the channel of San Tomas Aquino
Creek was notably shallow and poorly defined (Beller, E. et
al, Nov. 2010).

One early map even shows two termini of the creek, both
labeled "sink of creek”. These descriptions illustrate the
shallow, discontinuous nature of the channel, which
presumably spread into a marsh or disappeared into coarse
gravels. This interpretation is further corroborated by GLO
survey notes, which describe the creek in this reach as "very
shallow” and about 4m wide (Beller, E. et al, Nov. 2010).

This behavior reflects natural fracture systems through
serpentinized basement rather than typical alluvial drainage.
The serpentine in this area explains the creek’s unusual
behavior. Serpentine forms when oceanic crust gets altered
by hydrothermal fluids and creates highly fractured,
permeable bedrock with extensive underground flow
networks. The creek isn't actually "losing” water; it's
following natural fracture systems through the serpentine
bedrock, which is why it "scatters,” develops multiple "sinks,"
and loses its defined channel before reaching the bay.

THE HYDROGEOCHEMICAL FLow PATH

The hydrogeochemical flow path operates through distinct
zones:

- Mountain Recharge: Meteoric water infiltrates
fractured serpentine in the Santa Cruz Mountains,
initiating water-rock interaction.

- Deep Circulation: Water descends through fault-
controlled fracture networks, undergoing progressive
serpentinization reactions that increase pH, Mg, and
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alkalinity while temperatures reach 200-315°C at depth.

- Lateral Flow: Chemically evolved water moves laterally
through permeable fault zones toward the valley floor.

- Surface Expression: Deep fluids mix with shallow
groundwater and emerge through springs, creek
baseflow, and diffuse seepage, creating the systematic
chemical zonation.

These 'sinks’ and 'scatters' represent locations where surface
water reenters deep circulation pathways, not instances of
net water loss. This is actually a well-documented
phenomenon in serpentine terranes, where streams
routinely disappear into fractured bedrock and emerge
elsewhere as springs. The shallow, poorly defined channels
described in the historical accounts are classic serpentine
hydrology. The weathered serpentine creates clay-rich soils
that promote diffuse, marshy flow patterns rather than well-
incised channels.

SYSTEMATIC CHEMICAL SIGNATURES

The surface chemistry of Santa Clara County reflects
organized geochemical processes rather than random
alluvial deposition. Historical ecological mapping from 1850
documents "alkali meadows” where creek systems flow,
supporting rare, specialized ecosystems including saltgrass,
alkali milk vetch, and common tarweed adapted to alkaline
conditions (Beller et al.; 2010).

Groundwater monitoring records from the California EPA
GAMA Information System show selected well data from
the Santa Clara foothills near fault zones around Saratoga,
Monte Sereno, and Shannon. Several wells in Sanborn
County Park and El Sereno Open Space Preserve show
geochemical signatures consistent with geothermal or deep
fluid influence, including: alkaline waters (310-993 mg/L as
CaCOQ;,), elevated iron (up to 12,000-24,100 png/L),
manganese (225-680 pg/L), calcium (~110 mg/L), TDS
(1,020-1,090 mg/L), and specific conductivity (1,583-1,728
pS/cm). (CalEPA GAMA, accessed July 14, 2025).

These values suggest strongly mineralized, reducing
groundwater, potentially influenced by fault-driven fluid
circulation. The Santa Cruz Mountain foothills along this
faulted valley floor may represent an active hydrogeologic
interface — a modern echo of a primordial soup.

Analysis of valley sediments shows that "most of the gravel
sampled from five wells in the Santa Clara Valley was derived
from Mesozoic rocks” with "abundant Franciscan
greenstone derived from the southwest” (Anderson et al.,
2016; Wentworth, 2005). These are systematic transport of
specific ancient crustal materials.

Santa Clara County soils represent the surface expression of
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active ancient crustal systems rather than passive alluvial
accumulation. The systematic chemical zonation, organized
depth distribution of metamorphic minerals, and persistent
alkaline surface chemistry indicate ongoing processes
connecting deep serpentine-dominated systems with surface
environments. Wells encountering serpentinite and
greenstone at depths like 431m beneath "normal”
sedimentary sequences confirm that the source systems
producing these unique soil signatures remain structurally
active and accessible (Stanley et al., 2002).

Rather than simple water-deposited fans, Santa Clara
County preserves complex deposits that record continuous
operation of integrated deep crustal systems spanning
billions of years. The "alluvial” materials serve as carriers for
ancient geochemical signatures, creating surface soil
conditions that reflect deep-time geological processes still
operating beneath the urbanized landscape.

ONGOING DEEP-TIME
PROCESSES

Multiple lines of evidence suggest Santa Clara County
serpentinites preserve ancient mantle signatures and
complex, multi-stage histories. Rather than representing
straightforward oceanic crust fragments, these serpentinites
exhibit geochemical, structural, and geophysical anomalies
indicating deep mantle sources, multiple serpentinization
episodes spanning significant time periods, and ongoing
deep-seated processes that are difficult to reconcile with
standard ophiolite models.

The evidence comes from isotopic signatures revealing
ancient mantle melting events, geophysical anomalies
suggesting deep-rooted serpentinite bodies, and structural
relationships indicating complex, multi-stage alteration
histories. Most significantly, several serpentinite bodies
appear to represent active diapiric rise from forearc mantle
wedge depths rather than passive ophiolite emplacement,
with ongoing serpentinization processes at temperatures and
pressures indicating deeper sources than typical ophiolite
weathering.

The presence of extensive serpentine deposits on land today
provides a geological timeline that, when traced backwards,
points strongly toward Archean formation. Working
backwards from serpentine currently exposed on continental
surfaces, we can establish that most ophiolite emplacement
events (Where oceanic crust gets thrust onto land) occurred
during major Precambrian orogenic episodes, typically
between 800 million and 1.6 billion years ago. However, the
oceanic crust involved in these collisional events was already
geologically mature, usually requiring an additional 200-500
million years of seafloor existence before emplacement. This
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pushes the initial formation of the oceanic substrate back to
approximately 1.0-1.6 billion years ago.

The serpentinization process itself requires substantial time
to produce the extensive deposits we observe today. While
modern examples like Lost City demonstrate
serpentinization over tens of thousands of years for localized
areas, regional-scale serpentinization sufficient to create
large land-based deposits would require hundreds of millions
of years of sustained hydrothermal activity. Adding this
serpentinization duration to the oceanic crust formation
timeframe pushes the initiation of serpentinization back to
1.5-2.0 billion years ago or earlier.

When we factor in the slower plate tectonics of early Earth
which allowed oceanic crust to persist longer and undergo
more extensive alteration, the timeline extends further
backward, reaching past two billion years ago. This
reconstruction, places the formation of today’s land-based
serpentine deposits squarely within the Archean Eon,
demonstrating that temporal constraints alone are sufficient
to establish this ancient origin.

The most likely time for the original serpentinization of San
Francisco Bay Area mantle material was between 2.5 and 2.0
billion years ago, during the Late Archean to
Paleoproterozoic periods.

This timing makes geological sense for several reasons.
During this ancient era, mantle peridotite was accessible at
or near the Earth's surface, the oceans had stabilized, and
early subduction systems were operating. Crucially, these
conditions allowed serpentinization to occur and to be
preserved along the edges of ancient continents.

The serpentine we see today formed during this primordial
window, when geological conditions were optimal for both
the chemical transformation and long-term preservation of
these materials. Subsequent tectonic events over billions of
years then transported this already-serpentinized material to
its current location along Laurentia’s western margin.

Continuous operation over geological time scales requires
specific preservation conditions:

- Structural Isolation: Serpentinized materials at
continental margins avoid the high-temperature
metamorphic events that would dehydrate and destroy
serpentine in cratonic interiors.

- Self-Sustaining Chemistry: Serpentinization is
exothermic and creates its own favorable conditions—
released heat drives circulation, volume expansion
maintains fracture permeability, and alkaline chemistry
prevents mineral dissolution.

- Tectonic Renewal: Each major tectonic event
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(supercontinent  assembly/breakup,  subduction,
transform faulting) reactivates and extends the fracture
network without destroying the system, maintaining
access to unreacted materials.

- Episodic Reactivation: Rather than continuous
uniform activity, the system operates through
punctuated episodes of high activity (during major
tectonic events) alternating with lower-level background
processes, enabling billion-year survival through
multiple Wilson cycles.

In the Precambrian, the planet was different. The mantle
was hotter which meant slower convection and fewer active
subduction zones. Larger, longer-lived oceanic plates may
have persisted for hundreds of millions to over a billion
years. No modern-style plate tectonics occurred until ~1.0-
1.5 Ga by many models. So, ancientoceanic
lithosphere  (including ultramafic mantle rock that
became serpentinite) may have formed over 1 billion years
ago and persisted without subducting until caught in later
collisions.

In an ophiolite sequence the pillow basalts might be 1.5 Ga
old (when the oceanic crust formed), but the ultramafic
rocks (and thus the serpentine derived from them) could
represent much older mantle material (potentially two+ Ga
or Archean). It only got exposed at the seafloor through
tectonics/faulting at 1.5 Ga and then underwent
serpentinization. The serpentine actually represents the
alteration of ancient mantle material.

MODERN EXPRESSION OF ANCIENT
FRAMEWORK

The evidence demonstrates that Santa Clara County
represents the surface expression of active ancient crustal
systems rather than passive preservation of fossil fragments.
The systematic patterns observed today reflect ongoing
operation of integrated deep crustal systems spanning
billions of years, making this region a unique natural
laboratory where deep-time geological processes continue to
influence modern surface environments.

Modern geochemical conditions in Santa Clara County
match optimal parameters for active serpentinization,
demonstrating these ancient systems continue operating.
Studies show serpentinization occurs optimally when
temperature is between 200 and 315°C and when fluids are
carbonate undersaturated (Klein et al., 2013). These
conditions match thermal maturity indicators requiring
generation at 2,100-2,700 meters depth documented in
Santa Clara Valley oil samples, indicating ongoing deep
thermal processes.

The mechanism connecting two Ga materials to modern
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surface conditions operates through three integrated steps:

- Structural Access: Active fault systems create fracture
networks extending from surface to serpentinized
basement at 8+ km depth, maintaining open pathways
for fluid circulation.

- Chemical Processing: Groundwater percolating
through these fractures reacts with ancient
serpentinized materials under optimal temperature
conditions (200-315°C), acquiring alkaline chemistry
and elevated Mg, Cr, Ni concentrations.

- Surface Expression: This chemically evolved
groundwater reaches surface through springs, creek
baseflow, and diffuse seepage, creating the systematic
soil chemistry that drove historical agricultural
excellence and alkali meadow distribution.

The fault-controlled circulation ensures continuous renewal
of reactive surfaces and sustained geochemical signatures.

The southwestern boundary of Santa Clara Valley is
controlled by a complex zone of northeastward-vergent
thrust and reverse faults collectively termed the "range-front
fault system,” including the Monte Vista, Berrocal, Shannon,
and Sargent Faults (Stanley et al., 2002). These faults have
accommodated approximately 3 km of cumulative
shortening and 3 km of uplift since 3 Ma, with ongoing uplift
rates of 0.8 mm/yr since 4.6 Ma based on apatite fission-
track ages. (Stanley et al., 2002).

The curst in the SF Bay Area is thought to be about 20-23km
thick from surface down to mantle, compared to ~28km
under southern Santa Clara county and ~40km under the
Sierra Nevada. (Healy, 1963; Eaton, 1963).

This active fault system reaches depths of 8 km or greater,
where faults may steepen and merge with the San Andreas
Fault system, creating deep structural connections that
enable fluid circulation from mantle depths to surface. The
range-front fault system functions as both a structural
boundary and a hydro-geochemical gateway, continuously
bringing ancient materials to the surface while establishing
fracture networks that guide deep circulation systems.

The basin architecture shows complex multi-level structure
with three distinct sedimentary units: the surface Santa
Clara Basin plus at least two concealed deeper basins
(Cupertino and Evergreen) at 2.5-3 kilometers depth
(Langenheim, 2015).

Seismic velocity modeling reveals "substantial variations in
basement rock properties” inconsistent with uniform
sedimentary fill over stable basement, while gravity profiles
suggest basement configurations controlled by ancient
structural boundaries rather than simple depositional
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processes (Langenheim 2015).

Mercury mineralization throughout Santa Clara County
provides direct evidence that multiple deep circulation
systems operate as an integrated network. The New
Almaden Mining District produced mercury from cinnabar
(HgS) that forms as a hydrothermal mineral precipitating
from ascending hot waters at shallow depths.

The formation mechanism demonstrates direct integration
between serpentine alteration and hydrothermal circulation.
Silica-carbonate type mercury deposits are associated with
serpentinite altered to an assemblage of silica and carbonate
minerals, with initial alteration consisting of addition of
carbonate to serpentinite followed by introduction of silica
into the central core (Rytuba et al., 2016). These deposits are
localized along regional faults that separate serpentine from
other rock, where serpentinite's relative impermeability
serves to localize carbon dioxide-rich fluids from which
mercury deposits formed.

This integration demonstrates that conventional geological
mapping, when combined with deep-time analysis, reveals
Santa Clara County as a unique natural laboratory preserving
direct connections to Precambrian supercontinent processes
within a well-characterized modern geological framework.
The fault systems constitute active machinery that has
operated for billions of years to expose, fracture, and
circulate fluids through ancient crustal materials, ensuring
that 2+ billion-year-old processes remain active and
accessible.

Rather than simply cutting through static rock formations,
these faults create dynamic pathways connecting deep
serpentine-dominated basement with surface water systems.
This ongoing tectonic activity ensures that deep-time
geological processes continue to influence modern surface
environments through fault-controlled exposure and
circulation systems, making Santa Clara County a unique
location where ancient continental margin processes remain
directly observable and scientifically accessible.

ACTIVE SERPENTINIZATION
CONDITIONS

Serpentine is a group of phyllosilicate minerals that forms
through one of Earth's most fundamental geological
processes—serpentinization. The serpentine group consists
of common rock-forming hydrous magnesium iron
phyllosilicate  minerals with the general formula
(Mg,Fe),Si,0,(OH),, resulting from the metamorphism of
minerals contained in mafic to ultramafic rocks (Klein &
Bach 2009). The three primary polymorphs of serpentine
are antigorite, lizardite, and chrysotile, each with distinct
structural arrangements despite sharing similar chemical
compositions. (C.G.S., 2002).
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This reaction is highly exothermic and produces molecular
hydrogen as a byproduct when iron-bearing minerals are
involved (Schulte et al. 2010). During serpentinization, large
amounts of water are absorbed into the rock, increasing the
volume by 30-40% and reducing density.

This process has operated throughout Earth's history,
playing a crucial role in global geochemical cycles and
potentially in the origin of life. Serpentinization is
fundamentally a hydration and metamorphic transformation
of ferromagnesian minerals, such as olivine and pyroxene, in
mafic and ultramafic rocks to produce serpentinite (Klein &
Bach 2009; Klein et al., 2013). Modern geochemical
conditions in Santa Clara County match optimal parameters
for active serpentinization, demonstrating these ancient
systems continue operating.

The heat released by complete serpentinization of 1 kilogram
of peridotite is 250,000 joules, enough to raise the
temperature of 1 liter of water by 50 degrees (Bach et al.,
2006). This highly exothermic reaction explains the ongoing
thermal signatures observed throughout the region's
groundwater and oil systems, demonstrating continuous
energy release from active serpentinization processes.

The peridotite protoliths of Santa Clara County
serpentinites represent fragments of ancient mantle
lithosphere formed during Archean crustal differentiation.
The surface exposure of ultramafic rocks represents the
most direct connection to this deep-time heritage,
preserving relict primary mantle minerals within
serpentinized assemblages. Original peridotite formation
occurred at extremely hot mantle temperatures with
ultramafic composition representing partial melting of
primitive mantle sources.

Detailed investigation of serpentinite mélange in nearby
Redwood City reveals at least three stages of
serpentinization of a clinopyroxene-bearing harzburgite
protolith, with cores containing surviving peridotite
minerals plus lizardite + antigorite + brucite + magnetite
domains surrounded by lizardite + magnetite rims (Uno and
Kirby, 2019).

The largest, freshest polygonal serpentinite blocks contain
cores comprised of surviving peridotite minerals plus
lizardite (Iz) + antigorite (atg) + brucite (brc) + magnetite
(mag) domains surrounded by a ~10 cm thick peripheral rim
of lizardite + magnetite. Stage-A serpentinization reactions
are internally balanced except for addition of H,O, Cs and
Rb, while Stage-B serpentinization was open system with
CaO, Cs and Rb migrating outside the blocks with addition
of H,0, U, Pb +LREE.
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Several classes of mineral-filled veins were found in both
cores and rims and indicate fluid pressures approaching
lithostatic pressures that enabled these opening-mode
fractures to occur. Such high-pressure hydrothermal
conditions were important in promoting the serpentinization
reactions as well as enabling a weak rheology consistent with
a cold-intrusion/diapiric emplacement mechanism (Uno
and Kirby, 2019). This complex internal structure records
multiple episodes of fluid-rock interaction spanning
significant time periods rather than single-stage alteration.

MODERN GEOCHEMICAL EVIDENCE

Chemical analyses from active alteration sites demonstrate
ongoing serpentinization processes throughout Santa Clara
County. Samples F-72, F-73, and F-74 from underground
workings at New Almaden mine represent "completely
serpentinized lherzolite, unsheared and completely fresh”
with compositions showing active hydrothermal alteration
(Faust and Fahey, 1962). These samples contain 35.98-
37.36% Si0,, 36.99-38.54% MgO, and 13.50-15.00% H,O,
indicating substantial water incorporation characteristic of
active serpentinization.

Depth-dependent chemical variations throughout the Santa
Clara Valley groundwater system indicate progressive
evolution through serpentine-dominated basement rather
than simple meteoric recharge. The typical processes of
chemical evolution of groundwater in coastal aquifers
include cation exchange, carbonate precipitation, sulfate
reduction, silicate weathering, clay precipitation, base
exchange, and mixing. (Hanson, 2015).

PAGE 13 OF 34



San
Francisco

Bay

Pacific
Ocean

Santa Cruz
Mountains

0

122°30
1

Map of Loma Prieta earthquake study areas. “SCZ” is Santa Clara
zone. (Schmidt, 2014).

Groundwater from depth-specific monitoring-well samples
as well as depth-dependent and composite samples from
water-supply wells shows a progressive evolution that
includes cation exchange, carbonate precipitation, and
sulfate reduction as water flows from the edges to the center
of the basin (Hanson, 2015).

Most of the deeper monitoring and water-supply wells from
the central part of the valley appear to have different major-
ion chemistry and may represent different water from the
deeper aquifers that does not receive recent streamflow or
artificial recharge. In particular, some of the samples from
the Eleanor Park site in Palo Alto are more saline and may
represent very different waters, relative to the other deep
monitoring wells. (Hanson, 2015).

Boron isotopes from monitoring and supply wells indicate a
clear partition between the shallow waters that are related to
artificial recharge and the older water from the lower-aquifer
system. The boron isotopic signature from the ELNR
monitoring wells is heavier than seawater, which is typical of
adsorption of lighter boron from seawater over long periods
of time. This groundwater is analogous to the old seawater
sampled in aquifers of Monterey Bay (Hanson, 2003).

The boron isotope signature and the ages of this
groundwater from the ELNR wells in Palo Alto indicate
these waters may represent older diluted seawater that was
never flushed out of the deeper aquifers along the
southwestern margin of the San Francisco Bay (Hanson,
2015).

There is a wide range of groundwater ages. Carbon-14 data
indicates that the groundwater in the upper 152m generally
is less than 2000 yr old, and groundwater in the deeper
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aquifer layers generally ranges from 16,700 to 39,900 yr old.
In addition, many of the wells in the center of the basin with
deeper screens do not contain tritium. This would suggest
that the water pumped from these wells does not contain
recent recharge (Hanson, 2015).

Serpentinous bedrock and related overlying sediments are
present in parts of the lower aquifer system along the west
side of the valley in the Oak Hill/Los Gatos region (Oze et
al., 2003; Newhouse et al., 2004). Analysis of samples from
the WLLO monitoring site indicate that there were two
episodes of deposition of serpentinous sediments that are
enriched in chromium, and related trace metals, manganese,
and nickel. These sediments occur at depths of ~227 and 239
m below land surface (Oze et al., 2003).

The confined aquifer systems show anomalous pressure
responses, with pore pressure fluctuations considerably
larger than expected for normal sedimentary aquifers,
indicating connection to deeper circulation systems.
Analysis of head levels within different stratigraphic units
suggest that pore pressure fluctuations within the confined
aquifer can be considerably larger than that observed in the
unconfined water table (Carroll, 1991). (Schmidt and
Burgmann, 2003).

The area where the historic Saratoga Creek used to run,
pooling in a lake, and connecting to Sanjon (and where the
creek may still run underground), is an area of Santa Clara
with known serpentine and that included marshes and alkali
meadows downstream before meeting the bay and Pacific
Ocean. (SFEI, 2010). This area is also near the assumed
concealed faults and unexplained magnetic anomalies,
where unexplained damage occurred during the 1989
earthquake (Chase, 1992; Schmidt et al., 2014). This area
also includes “major serpentine sheets” based on
aeromagnetic anomaly data. (Roberts and Jachens, 2003;
Wentworth, 2010).

Currently, this area resides between Lawrence Expressway
and San Tomas Expressway (W-E), and Bayshore
Freeway/U.S. 101 and Central Expressway(N-S). In 1850,
this area was marked a vegetated wetland. (SFEIL, 2010).
Today the area is a mixture of residential, commercial, and
industrial zoning. There was one recent large development
project in this area that provided some modern deep-soil
sampling.

This large development project (33.4 acres) occurred 15m
west of San Tomas Aquino Creek and sits atop the ancient
Saratoga Creek, which may still run underground. (NETR
Online, 2014). The hydrology study report is five pages, and
the geotechnical report is also brief and vaguely claims that
Saratoga Creek was “filled” in 1968-1980. (Santa Clara,
Santa Clara Square CEQA, 2015).
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Project reports note the elevation of groundwater at the site
fluctuates in relation to flow from San Tomas Aquino Creek
and also notes a confined aquifer containing groundwater
under positive pressure around 10.7m below the surface
under four wells stretching from Coranado to Octavius
Drive, and from Scott Blvd to Augustine Drive). Borings in
this area reported variations of wet, grey sand/clay
sediments with trace organics between 3-14m depth. (Santa
Clara, Santa Clara Square CEQA, 2015).

Shallow 1.5m bore samples in this area also repeatedly
reported dark grey gravels with “green residue” and “green
staining.” The green residue and green staining notes
occurred at multiple sites round the property, reducing the
odds it was local contamination. Borings for this project also
repeatedly reported wet “olive-grey” sand and clay around
22-35ft, and wet olive, olive-grey, or olive-brown sand/clay
around 4-9m deep. (Santa Clara, Santa Clara Square CEQA,
2015).

Several separate borings also reported “red sand” around
this depth. In addition, a 4-4.5m segment was noted as “very
moist - boring may fill with water by tomorrow.” (Cal. EPA
DTSC, Santa Clara Square Apartments, 2015).

During construction, soil was excavated and moved or
removed, and 22,830,000 kg of soil was taken to a landfill,
and 9,710 cubic meters were encased onsite in containment
cells. Soil excavation generally ranged 7-9m below surface.
(Cal. EPA DTSC, Santa Clara Square Apartments, 2016).

Groundwater testing in this area frequently found elevated
levels of selenium (6-19 pg/L) (Cal. EPA DTSC, Santa Clara
Square Apartments, 2015). Selenium is notable as it’s a rare
mineral on land but is common in ocean water and often
found in serpentinite and pyrite, signaling evaporative or
redox-driven mobilization from weathered bedrock.

In addition, vanadium was found in soil and groundwater.
Vanadium is notable as it’s a rare mineral generally
associated with volcanic activity and former-marine
hydrothermal terranes. Its presence in both soil (138 mg/kg)
and groundwater (19 pg/L) implies the site as geochemical
reaction with an active redox environment, alkaline pH, and
dissolving iron oxides. Se and V together suggest persistent
oxidative mobilization from sulfide- or oxide-bound sources.
Further, the addition of solvent pollution in the area creates
reducing conditions and metal leaching.

These studies also identified elevated levels of other
substances including Ba, Cr, Co, Cu, Hg, Ni, and Zn. There
were also high levels of magnesium in the soil up to 24,900
mg/kg, am amount typical of enriched serpentine soils.
(Santa Clara, Santa Clara Square CEQA, 2015; Cal. EPA
DTSC, Santa Clara Square Apartments, 2015).
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Santa Clara circa 1850, excerpt for the area of the development
analyzed showing Sanjon creek and alkali meadows. (SFEIL, 2010).

This area intersects the historic Saratoga Creek and lays
directly next to San Tomas Aquino Creek. The nearest
mapped fault is Monte Vista-Shannon which is 12km
southwest and where Saratoga and San Tomas Aquino
Creeks enter the valley.

The Santa Clara Square development provides a modern
subsurface snapshot that supports the framework while
highlighting lost research opportunities. The systematic
occurrence of green staining and olive sediment in multiple
borings, combined with exceptionally high soil magnesium
concentrations (24,900 mg/kg), indicates active interaction
with serpentine-derived materials.

The elevated chromium, nickel, and cobalt levels represent
the classic geochemical signature of ongoing serpentine
weathering, while selenium and vanadium concentrations in
both soil and groundwater suggest redox-active conditions
characteristic of hydrothermal environments.

Most significantly, this development sits directly on the
ancient Saratoga Creek bed (the only permanent creek that
historically connected the Santa Cruz Mountains to the bay
through documented alkali meadows) with strong evidence
of historic hydrothermal activity.

Further, the confined aquifer under positive pressure (a
natural spring) and notes about rapid groundwater
infiltration suggest this ancient hydrological corridor
remains active, whether through continued underground
flow of Saratoga Creek itself or overflow from the rerouted
San Tomas Aquino Creek, both of which originate from the
same fault-controlled mountain sources.

Remarkably, these systematic geochemical anomalies were
detected despite minimal investigation (five-page hydrology
report) by consultants not specifically looking for deep-time
geological signatures. The scale of contamination requiring
removal (22.8 million kg) and the location at the intersection
of ancient and modern creek systems made this area prime
real estate for deep-time geological research, representing a
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rare accessible window into billion-year-old processes
operating beneath Silicon Valley's urban landscape.

Active weathering of ancient mantle minerals demonstrates
ongoing chemical processing of billion-year-old materials
into modern surface environments. Weathering of ultramafic
rocks and serpentinites in the Franciscan Complex produces
serpentine soils containing high concentrations of Cr as well
as other potentially toxic elements including Ni, Co, and
Mn. Chromium concentrations in serpentine soils from
Jasper Ridge Biological Preserve in the Central Coast Range
reach 4,760 mg kg™, nearly three times greater than the
serpentinite protolith (1800 mg kg™), demonstrating active
concentration processes operating in modern surface
conditions (Oze, 2004). The development project in Santa
Clara on the ancient Saratoga Creek also reported elevated
Cr, Ni, and Co in the soil and groundwater. (Cal. EPA
DTSC, Santa Clara Square Apartments, 2016).

The diversity of chromium-bearing ancient minerals actively
contributing to ongoing chemical evolution includes chlorite
(0.3 Cr wt. %), enstatite (0.4 Cr wt. %), augite (0.7 Cr wt. %),
chromite (10.8 Cr wt. %), magnetite (8.2-10.3 Cr wt. %), and
an ultra fine-grained mixture of spinel and a silicate phase
containing 13.3 Cr weight percent. Chemical analyses and X-
ray microprobe maps demonstrate that Cr-spinels in these
soils undergo incongruent dissolution progressively
enriching the spinel toward a Cr-enriched end-member
(FeCr,0O,), indicating active mineral transformation
processes rather than static preservation (Oze, 2004).

Analysis of valley sediments reveals abundant metavolcanic
rocks and blue amphibole throughout the stratigraphic
sequence, with blue amphibole concentrations increasing
with depth to >17% at 304 meters (Anderson et al., 2016).
Blue amphibole represents blueschist facies minerals formed
under high-pressure metamorphic conditions, indicating
that "alluvial” sediments derive from ongoing erosion of
active high-pressure systems. (Hanson, 2015).

Depth-dependent variations in concentrations of lithium,
boron, barium, fluoride, strontium, and iron reflect ongoing
changes in sedimentary mineralogy and chemistry through
continued water-rock interaction (Hanson, 2015).

HYDROTHERMAL SYSTEM
INTEGRATION

Mercury mineralization throughout Santa Clara County
provides direct evidence that multiple deep circulation
systems operate as an integrated network rather than isolated
processes. The systematic distribution of mineral deposits,
hot springs, and hydrocarbon seeps reveals a unified deep
system that has operated continuously for millions of years,
connecting ancient serpentine-dominated basement with
surface hydrothermal activity.
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MERCURY MINERALIZATION: TRACING
DEEP FLUID PATHWAYS

The New Almaden Mining District was the largest producer
of mercury in North America. However, cinnabar (HgS)
deposits were also discovered throughout Santa Clara
County, including the Guadalupe Creek/Hicks Road area,
Los Gatos Creek, and Deep Gulch (Bailey & Everhart, 1964;
Santa Clara Co., 2012; Cal. Journal of Mines & Geology,
1949).

The formation mechanism demonstrates direct integration
between serpentine alteration and hydrothermal circulation.
Silica-carbonate type mercury deposits are associated with
serpentinite altered to an assemblage of silica and carbonate
minerals. The process involves initial alteration consisting of
addition of carbonate to serpentinite followed by
introduction of silica into the central core (Rytuba et al.,
2016).

These deposits are localized along regional faults that
separate serpentine from other rock, where serpentinite
localizes carbon dioxide-rich fluids from which mercury
deposits form. The deposits commonly extend up to several
kilometers along fault zones, demonstrating that this is a
regional-scale integrated system (U.S. EPA, 2005; Rytuba,
2003).

Mercury mineralization occurred at depths ranging from the
surface to about 793m and at temperatures of 150°C, around
the optimal range for serpentinization processes (Bailey and
Everhart, 1964). The richest ore bodies were localized along
gently dipping contacts where hydrothermal solutions rising
from deep-seated sources spread out and stagnated under
relatively impervious sheared rocks, demonstrating
systematic fluid flow through organized pathways controlled
by structural architecture.

HISTORICAL MINERAL SPRINGS:
CENTURY-SCALE EVIDENCE

PaciFic CONGRESS SPRINGS AND REGIONAL
NETWORK

Multiple mineral springs throughout Santa Clara County
document sustained deep hydrothermal circulation
spanning over a century of commercial operations. Pacific
Congress Springs near Saratoga contained 335.8 grains of
dissolved minerals per gallon, including chloride of sodium,
sulfate of soda, and carbonate compounds (Munro-Fraser,
1881). This represents highly mineralized water emerging
from deep circulation through serpentine-rich basement.

GILROY HoT SPRINGS COMPLEX

Gilroy Hot Springs maintained consistent 118°F
temperatures with dissolved sulfur, iron, soda, magnesia,
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and trace arsenic, supporting commercial resort operations
from 1866-1940s (Munro-Fraser, 1881; Santa Clara Co.,
2012; Sanders, 2012). The springs were discovered in 1865
in the foothills northeast of Gilroy. In 1866, they were
developed as the Gilroy Hot Springs Resort, which grew to
include a hotel, cottages, bathing pools and bathhouses. The
facilities expanded with Madrone Soda Springs, located
9.7km north of Gilroy Hot Springs. (Salewske 1982).

SYSTEMATIC REGIONAL DISTRIBUTION

Similar sources of mineral water were exploited throughout
the region during the late nineteenth century in Alum Rock
Canyon and above Saratoga. Alum Rock became a regional
park under San José management, and Saratoga Springs
(also known as Congress Springs) was developed as a private
park (Santa Clara Co., 2012). Soda Springs Creek and Soda
Springs Road derive their names from a mineral spring
located a short distance up the creek (Young 1984).

At least three regions of Santa Clara County are formally
designated as hydrothermal systems: "White Sulphur
Springs” (East Fork Coyote Creek), "Gilroy Hot Springs,”
and "Sargent Estate Warm Spring.” White Sulphur Springs,
closest to central Santa Clara Valley, reported 2,150 total
dissolved solids per liter at 29°C (Cal. Dept. of Conserv.
1980).
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Lines to depth of groundwater with area of “artesian flow” in Santa
Clara Valley wells circa 1938 (Gardner, 1958).

Santa Clara County's artesian water discovery in the mid-
1800s was considered transformational for the region
(Sanders, 2012). Contemporary accounts described wells
providing "pure, sweet, wholesome water” that emerged
naturally from subterranean depths, creating what one
historian called "wealth for this beautiful valley far beyond
the value of a dozen gold mines” (Munro-Fraser, 1881). The
artesian  systems supported extensive agricultural
development and were recognized as accessing deep
groundwater circulation throughout the wvalley floor.
Eventually, increased groundwater pumping lowered water
levels, dropping water tables from near-surface to several
hundred feet, and artesian wells became "a thing of the past”
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(USDA, 2015).

INTEGRATION WITH HYDROCARBON
SYSTEMS

UNIFIED DEEP CIRCULATION NETWORKS

Integration with hydrocarbon systems confirms unified deep
circulation networks operating through the same structural
architecture that controls serpentinization and mercury
mineralization. The Santa Clara Valley is underlain by a
concealed, oil-bearing sedimentary basin that in some
locations can be more than 3km thick, assumed to be created
by an episode of normal faulting, volcanism, and crustal
extension (Stanley, et al, 2002).

A conspicuous isostatic-gravity low extends about 35 km
from Palo Alto southeastward to near Los Gatos, reflecting
an asymmetric, northwest-trending sedimentary basin
comprising low-density strata. The thickest accumulation
(approximately 4 km thick) occurs along the basin's steep
southwestern margin, which may be controlled by buried,
northeast-dipping faults (Stanley, et al, 2002). The
Evergreen low suggests a graben exists within the lower crust
under Santa Clara Valley, which "may extend into the upper
mantle” (Robbins, 1976).

SYSTEMATIC HYDROCARBON DISTRIBUTION

Oil near Los Gatos contained biomarkers typical of the
Monterey Formation with stable carbon isotopic
composition (613C = -23.32%) and thermal maturity
indicators requiring generation at 2,100-2,700 meters depth
(Stanley et al., 2002). Reports of oil around Moody Gulch
and Saint Joseph's Hill in Los Gatos suggest an estimated 1
billion barrels of oil may have been generated in the deep
subbasin between Los Gatos and Cupertino (Stanley et al.,
2002).

Oil near New Almaden, often co-occurring with mercury
mineralization, showed higher thermal maturity equivalent
to 3,660m depth with distinctive biomarker patterns and
evidence of thermal alteration by hydrothermal fluids
(Stanley et al., 2002). At several localities in the New
Almaden area, silica-carbonate rocks contain hydrocarbons
that occur as droplets and films of tar and oil (Stanley et al.,
2002).

SHARED FAULT-CONTROLLED PATHWAYS

The structural and chemical connections operate through
shared fault-controlled pathways:

- Structural Integration: The range-front fault system
creates deep fracture networks that tap multiple source
regions; serpentinized basement (mercury + alkaline
fluids), buried organic-rich sediments (hydrocarbons),
and deep hydrothermal circulation (hot springs).
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- Chemical Integration: Mercury precipitation requires
temperatures <200°C, oil generation occurs at 100-
150°C, and optimal serpentinization operates at 200-
315°C (overlapping temperature windows that enable co-
occurrence in the same fault-controlled system).

- Depth Zonation: Deep sources (serpentinization +
thermogenic oil generation) feed upward through fault
networks, with progressive cooling creating systematic
precipitation/concentration zones—mercury closest to
surface (<200°C), mixed hydrocarbon phases at
intermediate depths, and deep serpentinization
reactions at the base.

REGIONAL HYDROCARBON AND SULFUR SYSTEMS

Reports of sulfurous gas throughout the region provide
additional evidence. Some wells penetrated intervals
described as containing "brown sulfur” (90m) and "sulfur
sand strong” (180m) (Stanley et al., 2002). Sargent's Oil
Field produced over one million barrels of oil and at least 11.5
cubic meters of natural gas, with gas production attributed
to thermogenic origin (Wagner, 2002). Multiple seeps were
reported as "tar and sulphur water” (Hodgson, 1987).

Sixty acres of tar springs (oil and asphalt seeps) were
reported in southern Santa Clara County around La Brea
Creek and Sargent's Station, which was turned into a
refinery (Santa Clara Co., 2012). Reports from Tar Creek at
Sargent's included oil seeps "exuding from a serpentine
foundation” and "canyon mouth seeps” within fifty feet of an
"outcrop of heavy serpentine” (Wanger, 2002).

Studies hypothesized the deepest oil in the Sargent Oil Field
Area "originated from a deeply buried, siliceous algal-rich
source rock” deposited in a "marine, anoxic environment.”
The deepest oil sample was from 1,066m (Wanger, 2002).

INTEGRATED CHEMICAL SYSTEMS

Chemical, isotopic, and thermodynamic properties of CO,-
rich ground waters in the central California Coast Ranges
demonstrate integrated metamorphic processes. The acidic
CO,rich waters react with serpentine to form silica-
carbonate rock, the host rock of many mercury deposits in
the California Coast Range. The waters are partly of
metamorphic origin and partly locally derived meteoric
waters, with CO, entirely derived from metamorphic
reactions at depth.

Depending on the relative importance of several reactions,
the relative abundances of silica and carbonate minerals vary
in the silica-carbonate rock. If CO,-rich fluids react directly
with peridotite or dunite, massive magnesite deposits may
form (Barnes, et al, 1973).

This co-occurrence demonstrates that the same deep
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fracture systems transport metallic fluids (mercury), organic
fluids (oil/gas), and hydrothermal fluids (hot springs) from
depth, indicating comprehensive integration of serpentine
alteration, thermal processes, and mineral systems
throughout the region.

In Santa Clara County, hydrocarbon generation appears to
occur at depths and temperatures consistent with deep
hydrothermal circulation systems. This supports the model
of ongoing deep crustal processes driving hydrology and
mineral systems throughout the region, creating a vertically
and laterally integrated system where different fluid types
share pathways while maintaining distinct chemical
signatures.

This integration demonstrates that conventional geological
mapping, when combined with deep-time analysis, reveals
Santa Clara County as a unique natural laboratory preserving
direct connections to Precambrian supercontinent processes
within a well-characterized modern geological framework.
The fault systems constitute active machinery that has
operated for billions of years to expose, fracture, and
circulate fluids through ancient crustal materials, ensuring
that 2+ billion-year-old processes remain active and
accessible.

MODERN MINERALOGICAL
EXPRESSION OF DEEP-TIME
PROCESSES

The ongoing operation of Santa Clara County's ancient
geological systems finds compelling expression in a
remarkable assemblage of rare and structurally anomalous
minerals documented from the region's hydrothermal
localities. These species provide direct evidence for the
systematic operation of exotic geochemical processes that
reflect the continued activity of billion-year-old crustal
systems.

Santa Clara County has produced an extraordinary
concentration of mineralogical discoveries that challenge
conventional understanding of mineral formation processes.
Between 1912 and 1986, investigations documented six rare
mineral species from the county's hydrothermal localities,
including type locality species such as santaclaraite,
franciscanite, melanophlogite, gageite, voelckerite, and
kempite (Gjovik, June 9 2025). Each represents a
crystallographic anomaly that reflects the specialized
geochemical conditions created by the ongoing operation of
integrated deep crustal systems.

Melanophlogite stands as perhaps the most remarkable
example. It’s a natural silica clathrate where SiO,
frameworks form hollow polyhedral cages hosting guest
molecules including methane, carbon dioxide, and sulfur
species. The Mount Hamilton occurrence remains the only
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locality worldwide where non-cubic crystal forms have been
observed, with water-clear crystals reaching exceptional
sizes up to 5 mm displaying unique tetrahexahedral
modifications and internal hopper structures (Gjevik, June 9
2025). This structural complexity requires precise
temperature, pressure, and fluid chemistry conditions that
reflect systematic rather than random hydrothermal
processes.

Santaclaraite presents another structural exception as a
hydrated calcium-manganese pyroxenoid with five-
tetrahedral silicate chains, where hydrogen plays three
distinct structural roles through both hydroxyl groups and
structural water. This is a complexity rarely encountered in
natural chain silicates. Franciscanite adds a vanadium-rich
sheet silicate featuring distorted Mn and V octahedra in
hexagonal symmetry, while gageite exhibits rare octahedral
pipe-framework structures existing in multiple polytypic
forms that reflect systematic crystallization under controlled
conditions (Gjevik, June 9 2025).

The geochemical characteristics of these minerals directly
support the deep-time framework developed through
isotopic and structural analysis. The concentration of
manganese-bearing species (santaclaraite, franciscanite,
gageite, kempite) reflects the systematic mobilization of
transition metals through serpentinization processes.

Melanophlogite's incorporation of organic guest molecules
demonstrates the reducing environments created by
interaction between hydrothermal fluids and carbonaceous
sediments within the accretionary complex. The structural
dependence on these organic components for lattice stability
reflects the complex fluid-rock interactions characteristic of
active hydrothermal systems (Gjgvik, June 9 2025).

The systematic occurrence of these minerals within altered
serpentinite and silica-carbonate rock assemblages of the
Franciscan Complex indicates that the same structural
architecture controlling modern mercury mineralization and
hydrocarbon systems also governs exotic mineral formation.
This integration demonstrates unified deep circulation
networks operating through shared fault-controlled
pathways rather than isolated hydrothermal episodes.

The specific mineralogical associations documented in Santa
Clara County suggest hydrothermal systems capable of
mobilizing normally incompatible elements under precisely
controlled conditions that require billion-year-scale crustal
evolution to achieve.

This mineralogical evidence supports Santa Clara County as
a region that is an active natural laboratory where deep-time
geological processes continue producing exceptional results
observable through modern analytical techniques. The
ongoing formation of structurally anomalous minerals
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provides direct proof that ancient systems remain active and
accessible rather than representing passive preservation of
fossil assemblages.

STRUCTURAL EVIDENCE FOR
CONTINUOUS OPERATION

The structural architecture of Santa Clara County
demonstrates ongoing tectonic processes that continuously
expose, fracture, and circulate fluids through ancient crustal
materials. The southwestern boundary of Santa Clara Valley
is controlled by a complex zone of northeastward-vergent
thrust and reverse faults collectively termed the "range-front
fault system,” including the Monte Vista, Berrocal, Shannon,
and Sargent Faults (Stanley et al., 2002).

These faults have accommodated approximately 3 km of
cumulative shortening and 3 km of uplift since 3 Ma, with
ongoing uplift rates of 0.8 mm/yr since 4.6 Ma based on
apatite fission-track ages. This active fault system reaches
depths of 8 km or greater, where faults may steepen and
merge with the San Andreas Fault system, creating deep
structural connections that enable fluid circulation from
mantle depths to surface.

The range-front fault system functions as both a structural
boundary and a hydro-geochemical gateway, continuously
bringing ancient materials to the surface while establishing
fracture networks that guide deep circulation systems. This
active fault system creates a critical structural boundary in
the Saratoga area where San Tomas Aquino and Saratoga
Creeks originate (Stanley, et al, 2002).

This zone represents the transition from exposed serpentine
and other sea crust/mantle complexes in the Santa Cruz
Mountains to the concealed deep basin systems beneath the
valley floor. The fault-controlled topography creates a
natural structural vault where groundwater from the
mountains encounters the buried serpentine basement,
establishing the initial geochemical signatures that these
creeks then transport northward through the valley floor.

The Silver Creek fault beneath Santa Clara Valley creates "a
sharp deformation gradient in interferometric synthetic
aperture radar (InSAR) data” that results from "partitioning
of the basin aquifer by the fault” rather than tectonic slip
alone (Langenheim, 2015). This demonstrates ongoing
interaction between active faulting and deep groundwater
circulation systems.

Current geodetic measurements show the Sargent Fault
slipping at 3 mm/yr, while geodetic data indicates
"northeast-directed contraction continued after the
earthquake along the southwest margin of Santa Clara
Valley” (Stanley et al., 2002; Schmidt et al., 2014). This
ongoing deformation continuously creates new fracture
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networks and reactivates existing ones, maintaining
pathways for deep fluid circulation.

Boron isotope studies reveal two distinct groups of
serpentinites: those associated with blueschists show lighter
boron isotope signatures (5§11B = -12 to +8.8%) interpreted
as interaction with forearc slab fluids at deeper depths, while
others show heavier signatures (811B = +7.2 to +24.4%)
(Boschi et al. 2019; Kirby et al. 2019). This isotopic
discrimination indicates multiple fluid sources and alteration
environments spanning  significant depth ranges,
demonstrating ongoing fluid circulation through fault-
controlled pathways that connect deep serpentine-
dominated basement with surface water systems.

The 1989 Loma Prieta earthquake revealed systematic
damage patterns that illuminate the hidden structural
architecture controlling ongoing processes. In the Santa
Clara zone, diffuse damage occurred 8 km northeast of the
Santa Cruz Mountains over alluvium, following patterns
aligned with aeromagnetic anomalies indicating concealed
serpentinite bodies and gravity gradients marking basin
margins (Schmidt et al., 2014). “Structural data for this area
are sparse.” (Cal. Dept. of Consv. 2002).

Near Los Gatos and Cupertino, concrete showed
"remarkably regular patterns of deformation consisting of
buckling and thrusting in a north-south to northeast-
southwest direction,” identical to damage patterns from the
1906 earthquake, indicating systematic structural control
that operates repeatedly. (Schmidt et al., 2014).

Deformed storm-drain grate in Los Gatos on state Highway 17 at
Route 9, following Loma Prieta 1989 earthquake. (Schmidt, 2014).

Coast Range serpentinites show evidence of multiple
deformation episodes with different mineralogical
assemblages and cross-cutting relationships, including in-
situ mantle alteration, crustal-level hydration, and late-stage
shearing, indicating complex burial-exhumation cycles
rather than simple emplacement (Kirby et al. 2019). The
fault systems constitute the active machinery that has
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operated for billions of years to expose, fracture, and
circulate fluids through ancient crustal materials. The
earthquake damage patterns reveal that this structural
architecture extends throughout the urbanized valley,
creating a hidden network of fault-controlled fluid pathways
that connect the exposed ancient systems in the mountains
with the concealed ancient systems beneath Santa Clara
County.

Aeromagnetic Map of the San Francisco-San Jose Quadrangle,
California (Chase, 1992).

This ongoing tectonic activity ensures that 2+ billion-year-
old processes remain active and accessible, making Santa
Clara County a unique location where deep-time geological
processes continue to influence modern surface
environments through fault-controlled exposure and
circulation systems.

A NOTE ON “JUurAssic Rocks”
AND “ALLUVIAL FANS”

THE SCIENTIFIC INFORMATION
VacuuM

Santa Clara County represents one of the most economically
significant and resource-rich regions on Earth. Silicon Valley
hosts the world's leading technology companies, major
research universities, and substantial government research
facilities. Despite this concentration of scientific and
financial resources, and the region's obvious geological
importance, there is remarkably little comprehensive
geological research.

While industry conducts private geological assessments for
development and operational purposes, the publicly
accessible geological literature for Santa Clara County
remains extraordinarily limited. Standard geological
references describe the region in terms of "alluvial fans” and
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"Turassic rocks.” For a region of such scientific and economic
importance, this represents an extraordinary gap in
accessible geological knowledge.

Geological reports from the 1950s through 1980s exhibit
consistent patterns of limited discussion regarding pre-
Jurassic geological formations and deep-time processes,
despite documented evidence for much older assemblages.
This pattern coincided with several institutional pressures
that influenced scientific communication during this period.

The legacy of the Scopes trial (1925) had established legal
and cultural precedents affecting educational content related
to deep geological time. California became a focal point for
organized resistance to deep-time geological content, with
institutions like the Institute for Creation Research (founded
1970) pursuing litigation strategies that specifically targeted
textbook publishers and educational institutions, working to
influence "government at the legislative and judicial levels”
(Bergman, 1993).

Pre-Jurassic marine geology was particularly problematic for
these groups because it documented hundreds of millions of
years of marine life evolution prior to terrestrial ecosystems
(Gjovik, June 25 2025); evidence that directly contradicted
specific religious narratives about Earth's history.

The scientific community's limitations prior to the
acceptance of plate tectonic theory in the late 1960s provided
additional justification for avoiding detailed temporal
discussions of complex geological formations. By the time
comprehensive explanatory frameworks became available,
institutional patterns of limited deep-time discussion were
already established.

The discovery of hydrothermal vent origins of life (1970s-
2000s) increased institutional resistance to deep marine
geological content, as this research suggested life originated
in deep ocean environments through chemical processes.
(Gjovik, June 23 2025).

Religious institutional presence, including the active
Catholic Mission Santa Clara de Asis within Santa Clara
University and Santa Clara’s designation as "The Mission
City," may have also reinforced cultural pressures.

During the technology sector expansion of the 1990s-2000s,
economic development interests may have found common
ground with groups opposing comprehensive geological
education. Detailed understanding of deep-time geological
processes has significant implications for development costs,
infrastructure planning, and land use creating economic
incentives for simplified geological interpretations in public
planning documents.
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THE CONSEQUENCE: LOST SCIENTIFIC
OPPORTUNITY

The result of these converging pressures is that one of
Earth's most remarkable geological laboratories has
remained scientifically underexplored in publicly accessible
literature. The evidence presented in this study suggests
Santa Clara County preserves active geological systems
spanning two billion years. This makes it potentially one of
the most scientifically significant regions for understanding
deep-time Earth processes globally.

This represents more than academic oversight. The
systematic avoidance of comprehensive geological
investigation in such a scientifically important region
suggests institutional mechanisms that can effectively
suppress critical scientific information when it conflicts with
powerful religious and economic interests. (Scott, 2016).

The Santa Clara County case demonstrates how institutional
pressures can create persistent gaps in scientific
understanding, even in regions of obvious scientific
importance. The convergence of religious opposition to
deep-time evidence, economic development interests, and
institutional inertia can apparently maintain scientific
information gaps across multiple decades, even in the
presence of abundant physical evidence.

This has broader implications for scientific practice,
particularly regarding how institutional and cultural
pressures influence which research questions are pursued,
how results are communicated, and what information
becomes accessible to the broader scientific community and
public.

The academic geological community must recognize that
conducting independent, comprehensive geological
research may sometimes require addressing institutional
factors that have influenced previous scientific
communication, particularly when those factors may have
impeded full investigation of scientifically significant
phenomena.

AcADEMIC RESPONSIBILITY

The evidence presented in this study suggests that Santa
Clara County's geological systems may represent one of the
most complete and accessible records of deep-time Earth
processes available for scientific investigation. The decades-
long gap in comprehensive geological analysis of this region
highlights the importance of academic freedom in pursuing
scientific  investigation regardless of institutional
sensitivities or economic considerations.

Future geological research must address acknowledged gaps
in regional understanding through systematic application of
modern analytical techniques across all relevant temporal

PAGE 21 oF 34



frameworks, ensuring that scientific investigation proceeds
according to evidence rather than institutional constraints
that may have influenced previous research patterns.

FUTURE RESEARCH

The deep-time framework presented here opens numerous
avenues for targeted research that could further test, refine,
and extend our understanding of Santa Clara County's
ancient geological heritage. The following research
directions represent high-priority investigations that could
significantly advance both regional geological knowledge and
broader understanding of how continental margins preserve
and maintain billion-year-old crustal systems.

STRUCTURAL AND GEOPHYSICAL
INVESTIGATIONS

Expanded Geochronological Analysis: Systematic U-Pb
zircon dating of additional Coast Range Ophiolite samples
could confirm the extent of 1.5+ Ga signatures and map their
distribution across the region. Combined Lu-Hf isotopic
analysis would provide insights into the mantle source
characteristics and crustal recycling processes during
supercontinent cycles.

Re-Os Isotope Mapping: Detailed osmium isotope analysis
of serpentinites across Santa Clara County could trace the
spatial extent of ancient mantle domains and identify areas
where Archean signatures might be preserved. This work
could definitively establish whether two+ Ga materials are
present and map their distribution.

Boron Isotope Systematics: Expanded boron isotope
analysis of serpentinites and associated fluids could
distinguish between different fluid sources (metamorphic vs.
meteoric) and trace the evolution of fluid compositions
through different alteration episodes, providing insight into
the timing and character of ancient serpentinization events.

Deep Seismic Profiling: High-resolution seismic reflection
profiles across the range-front fault system could image the
deep structural architecture and confirm whether fault
networks extend to mantle depths as predicted by the deep-
time model.

Magnetotelluric Surveys: Detailed magnetotelluric studies
could map the distribution of conductive serpentinized
zones at depth and trace their connections to surface
hydrothermal systems, testing predictions about integrated
deep circulation networks.

Gravity and Magnetic Modeling: Advanced 3D modeling
of gravity and magnetic anomalies could refine estimates of
serpentinite body geometry and test whether the observed
patterns are consistent with billion-year preservation rather
than Mesozoic emplacement.
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GEOCHEMICAL AND HYDROLOGICAL
STUDIES

Noble Gas Geochemistry: Analysis of helium, neon, and
argon isotopes in hydrothermal fluids could distinguish
between mantle-derived and crustal components, providing
direct evidence for ongoing deep mantle contributions to
surface hydrothermal systems.

Systematic Water Chemistry: Comprehensive sampling of
springs, wells, and creek systems throughout Santa Clara
County could map the full extent of deep fluid contributions
and test predictions about systematic chemical zonation
reflecting ancient basement control.

Trace Element Fingerprinting: Detailed analysis of trace
element signatures in sediments, soils, and waters could
trace contributions from specific ancient lithologies and test
whether modern surface chemistry reflects ongoing
interaction with billion-year-old materials.

Environmental Isotope Tracing: Use of stable isotope
tracers to follow nutrient and water movement from deep
sources through surface ecosystems could quantify the
magnitude of deep geological influence on modern
environmental systems.

COMPARATIVE STUDIES

Regional Context: Comparison with other ophiolite
complexes worldwide could determine whether billion-year
preservation is unique to Santa Clara County or represents a
previously unrecognized phenomenon that might exist
elsewhere along ancient continental margins.

Analog Studies: Investigation of similar geological settings
in other regions could test whether the deep-time
preservation model applies more broadly and identify other
locations where ancient continental margin processes might
remain active.

Archean Analogs: Comparison of Santa Clara County
serpentinization systems with Archean hydrothermal
deposits could test whether these modern systems provide
insights into early Earth processes and environments.

Advanced Analytical Techniques: Application of
emerging analytical methods (e.g., atom probe tomography,
in-situ laser ablation techniques) could reveal micro-scale
evidence for ancient processes preserved within individual
mineral grains.

CONCLUSIONS

A PARADIGM SHIFT IN REGIONAL
UNDERSTANDING

This study presents compelling evidence that Santa Clara
County preserves far more than scattered fragments of
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Mesozoic oceanic crust. Instead, the systematic integration
of isotopic, geochemical, structural, and ecological evidence
reveals active preservation of geological systems spanning
two billion years: making this region a unique window into
Earth's deep-time evolution operating within a modern
urban environment.

The convergence of multiple independent lines of evidence
supports this transformative interpretation. Recent isotopic
studies document 1.5+ billion-year model ages directly
linking local materials to Nuna supercontinent processes.
Systematic surface patterns demonstrate ongoing operation
of integrated deep systems rather than passive preservation
of ancient fragments. Modern geochemical conditions
match optimal parameters for active serpentinization, while
fault-controlled circulation systems maintain continuous
access to ancient materials through structural networks that
have operated for billions of years.

KEY EVIDENCE FOR ACTIVE DEEP-
TIME SYSTEMS

Coast Range Ophiolite peridotites preserve aluminachron
model ages of ~1.5 Ga, with researchers explicitly noting
potential connections to Columbia supercontinent rifting.
Point Sal peridotites show extensive melt depletion with
osmium isotope ratios indicating long-term preservation of
refractory mantle domains. These signatures demonstrate
preservation of billion-year-old mantle materials, not
formation of new oceanic crust 160 million years ago.

Historical agricultural excellence across diverse crops
spanning 200+ years, systematic earthquake damage
patterns following concealed geological boundaries, and
organized chemical zonation from mountain sources
through alkali meadows all indicate active subsurface
processes maintaining surface expressions. These patterns
require sustained operation of integrated systems, not
episodic deposition or passive remnants.

Mercury mineralization, hydrocarbon seeps, and long-term
hydrothermal activity demonstrate unified deep circulation
systems operating through shared fault-controlled pathways.
The co-occurrence of metallic fluids, organic compounds,
and mineral-rich waters at optimal serpentinization
temperatures reveals comprehensive integration spanning
multiple depth zones.

Active fault systems reaching mantle depths, ongoing uplift
rates, and systematic damage patterns indicate that ancient
materials remain structurally accessible and continue to
influence modern surface processes through fault-controlled
exposure and circulation.
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REDEFINING CONTINENTAL MARGIN
EVOLUTION

If correct, this interpretation fundamentally changes how we
understand the preservation of ancient crustal systems.
Rather than viewing ophiolites as isolated snapshots of
ancient ocean basins, Santa Clara County demonstrates that
continental margins can preserve and maintain active
connections to deep-time processes spanning multiple
Wilson cycles and supercontinent assemblies.

This has profound implications for understanding how
Earth's crust evolves and preserves evidence of ancient
processes. The fault systems constitute active machinery
that has operated for billions of years, continuously
exposing, fracturing, and circulating fluids through ancient
materials while maintaining their chemical and structural
integrity. This creates a self-sustaining system where deep-
time processes remain observable and scientifically
accessible within modern geological frameworks.

WINDOWS INTO EARLY EARTH
PROCESSES

Santa Clara County's preserved oceanic sequences and
hydrothermal systems provide direct analogs for
understanding early Earth processes that operated under
different atmospheric and oceanic conditions. Ancient
seafloor preservation parallels conditions that may have
existed in Archean oceans, while hydrothermal systems
preserve chemical signatures similar to those proposed for
early life environments. High-pressure metamorphic
processes record deep crustal conditions relevant to early
continental formation.

The ongoing operation of serpentinization systems that may
have initiated during Archean time offers unprecedented
opportunities to study how these fundamental Earth
processes have evolved and adapted through changing global
conditions while maintaining their essential character.

NATURAL LABORATORY FOR DEEP-
TIME RESEARCH

Perhaps most significantly, Santa Clara County represents a
unique natural laboratory where deep-time Earth processes
remain directly observable and accessible for study. The
integration of ancient materials with modern analytical
capabilities creates opportunities to investigate billion-year-
old systems using twenty-first-century science.

This accessibility is particularly valuable because most
ancient geological materials have been either destroyed by
subsequent geological processes or buried at depths
inaccessible to direct study. Santa Clara County's
preservation of active ancient system creates opportunities
for sustained detailed investigation that could advance
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fundamental understanding of how Earth systems operate
across deep time.

BEYOND CONVENTIONAL TIMESCALES

This study demonstrates the necessity of expanding
conventional geological thinking beyond typical timescales
when encountering systematic patterns that resist
explanation through standard models. The acknowledged
failures of existing frameworks to explain Santa Clara
County's geology point to the need for deep-time
perspectives that can account for billion-year preservation
and operation of integrated crustal systems.

The methodology employed here (systematic integration of
isotopic, geochemical, ecological, and structural evidence)
demonstrates the power of interdisciplinary approaches to
geological problems. The convergence of independent lines
of evidence provides much stronger support for conclusions
than any single analytical approach could achieve. This
integrated methodology could be applied to other
geologically complex regions where conventional
approaches have failed to provide satisfactory explanations
for observed systematic patterns.

A LiviNG CONNECTION TO DEEP TIME

Santa Clara County's preservation of active billion-year-old
geological systems creates a living connection to Earth's
deep-time evolution that extends far beyond academic
interest. The ongoing operation of ancient processes
demonstrates that deep time actively shapes modern
environments and continues to influence contemporary
geological, hydrological, and biological systems.

This connection between ancient and modern processes
offers profound insights into how Earth systems maintain
continuity across geological time while adapting to changing
conditions. The fault-controlled circulation systems that
maintain access to ancient materials represent a form of
geological memory that preserves and transmits information
about Earth's evolution across billions of years.

Understanding and protecting these connections becomes
not just a matter of scientific interest, but of preserving
unique windows into Earth's deep-time heritage for future
generations of researchers and society as a whole.

The transformation of our understanding of Santa Clara
County from a collection of chaotic geological fragments to
an integrated natural laboratory preserving two billion years
of Earth history opens new perspectives on how ancient
processes continue to shape modern environments and how
continental margins preserve and maintain connections to
deep time that remain scientifically accessible and
environmentally significant today.
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