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1. Summary
1.1. Background and objectives
Site U1550 is located within the axial graben of the northern Guaymas Basin spreading segment
(Figures F1, F2). This site was established very close to Deep Sea Drilling Project (DSDP) Site 481
to take advantage of the known presence, depth, and characteristics of sills and indurated sedi-
ments at Site 481 (Shipboard Scientific Party, 1982), and to clarify its stratigraphy by redrilling it
with improved coring tools and sampling approaches. Substantially improved recovery was
expected relative to Site 481, leading to increased sampling resolution of downhole changes and
enabling the use of modern microbiological approaches. The fault-bounded setting of Site U1550
provides the potential for high-flux fluid circulation in response to sill intrusion, leading to swift
cooling and potentially enhanced alteration due to the rapid removal of dissolved phases and
gases. The primary objectives for Site U1550 were to characterize the physical, chemical, and
microbial responses to sill intrusion into sediments at a high-flux end-member location.

1.2. Operations
We cored two holes at Site U1550. Hole U1550A is located at 27°15.1602ʹN, 111°30.4163ʹW in a
water depth of 2000.8 m. In Hole U1550A, we used the advanced piston corer (APC), half-length
APC (HLAPC), and extended core barrel (XCB) systems to advance from the seafloor to a final
depth of 207.0 meters below seafloor (mbsf ) with a recovery of 190.9 m (92%). We made formation
temperature measurements at several depths with the advanced piston corer temperature (APCT-
3) and Sediment Temperature 2 (SET2) tools. In Hole U1550B, located at 27°15.1704ʹN,
111°30.4451ʹW in a water depth of 2001.2 m, we deployed the APC, HLAPC, and XCB systems.
Cores penetrated from the seafloor to a final depth of 174.2 mbsf and recovered 160.8 m (92%).
Hole U1550B was dedicated to extensive microbial and biogeochemical sampling that required the
deployment of perfluorocarbon tracers (PFTs) downhole on all cores to monitor drilling fluid (sea-
water) contamination. The pace of coring in Hole U1550B was adjusted to accommodate the com-
plex microbial sampling program conducted on the core receiving platform. A total of 72.0 h, or
3.0 days, were spent at Site U1550. Table T1 provides an overview of cores, penetration depths,
core recovery, and operations schedule for Site U1550.
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1.3. Principal results

1.3.1. Lithostratigraphy
At Site U1550, a succession of sediments, sedimentary rocks, and igneous rocks was recovered 
(Figure F4). The sedimentary material recovered can mainly be ascribed to two lithologic types: 
(1) a biogenic-dominated type, in which more or less laminated olive-gray diatom clays occur 
mixed with various proportions of nannofossils and silt-sized siliciclastic particles or (2) a 
siliciclastic-dominated type in which coarse-grained siliciclastic components (sand and silt), clay 
minerals, and subordinate diatoms occur either mixed in homogeneous layers or segregated in 
depositional layers often characterized by graded beds and scoured bases. Most of the thickest 
graded terrigenous layers identified are traced between holes. Vertical changes in the character of 
the dominant lithology, the style of bedding and/or deformation, and the diagenetic boundaries 
prompted the subdivision of Unit I into three subunits. Subunit IA includes three thick terri-
genous beds and displays evidence of soft-sediment deformation. The lower part of the subunit in 
both holes is marked by a lithologically complex but correlative interval that includes a large con-
centration of silt- to granule-sized scoria fragments. Subunit IB is mainly composed of varying 
proportions of diatoms, clay, and silt, and sand occurs as a minor component. The upper part of 
the subunit contains a very distinctive, ~18 m thick, homogeneous interval composed of olive-
green diatom clay. There are pronounced differences in Subunit IC between holes. In Hole 
U1550A, the top of this subunit corresponds to the first appearance of carbonates (micrite/nod-
ules). The latter occur scattered in diatom clay or as cementing crystals in coarser grained (sand to 
silt) lithologies. Folding and tilting are common, as well as the presence of coarser grained beds, 
including a fourth thick terrigenous bed (Figure F4). Low diatom abundance and preservation 

Figure F1. Bathymetry of Guaymas Basin with Baja California in the southwest and the Sonora margin in the northeast, 
showing all DSDP Leg 64 and IODP Expedition 385 sites drilled in the area. Seismic = seismic transects conducted prior to 
Expedition 385. Inset: tectonic setting of the Gulf of California; green shading = Guaymas Basin; blue box = main figure area. 
Contour lines = 200 m. DSDP = Deep Sea Drilling Project.
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support the X-ray diffraction (XRD) analysis interpretation that the sediments have undergone 
silica diagenesis and the transition from opal-A to opal-CT. In Hole U1550B, Subunit IC was iden-
tified in only three cores that are mainly composed of organic-rich, yellowish brown homogeneous 
diatom clay with evidence of soft-sediment deformation. The sediments recovered at Site U1550 
display a variety of sedimentary features, including graded beds with scoured bases ranging from 
a few centimeters to several meters thick, tilted and/or folded beds or laminae, and chaotic fabric. 
Taken together, these features are direct evidence that deposition at this site occurred mainly by 
means of mass-gravity flow events.

1.3.2. Igneous petrology and alteration
The dominant hypabyssal igneous lithology recovered from the bottom of both Hole U1550A 
(upper contact = ~204 mbsf; recovery = ~1.2 m) and Hole U1550B (upper contact = ~170 mbsf; 
recovery = ~1.6 m) is mafic rock with a largely doleritic texture. Minor basaltic rock intervals with 
a sparsely to highly plagioclase-phyric texture occasionally occur. Notably, there is a gradual 
change in grain size transitioning from basaltic to doleritic texture within a distance of a few cen-
timeters, which indicates slow magma solidification. Nevertheless, there are also angular frag-
ments of doleritic material entrapped in basaltic rock intervals in Hole U1550B. The slightly to 
moderately altered igneous rocks are nonvesicular to sparsely vesicular and contain multiple, 
slightly dipping calcite veinlets running parallel to each other. Samples obtained from this sill show 
a subalkaline, tholeiitic mafic rock chemistry that corresponds to an enriched mid-ocean-ridge 
basalt (MORB) composition. These rocks appear to represent somewhat more evolved melts 
based on their lower Mg# compared to the sill material recovered from nearby Site 481.

1.3.3. Structural geology
Both Holes U1550A and U1550B exhibit folding and tilted bedding starting at 15 mbsf and con-
tinuing intermittently below. These displacements are attributed to soft-sediment deformation 

Figure F2. Bathymetric map, Site U1550. DSDP Site 481 is also shown. Contour lines = 2 m.
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Table T1. Operations summary, Expedition 385. Download table in CSV format.
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and slumping because they are variable on a small spatial scale. Significant faults are seen in both 
holes at about 130–140 mbsf, where sets of parallel faults with apparent dips of about 60° displace 
the sediment. These faults have a spacing of 0.2–1 m in the cores, but the amount and direction of 
displacement is unknown. The faults indicate an episode of deformation that occurred prior to the 
time of deposition of sediments that are now found at about 130 mbsf.

1.3.4. Biostratigraphy
Calcareous nannofossils are abundant and common to 123.08 mbsf, rare/barren from 131.06 to 
135.6 mbsf, and abundant and common from 142.02 to 187.66 mbsf. Nannofossil preservation is 
good/moderate throughout the entire sedimentary sequence. Marine diatoms are dominant to 
abundant with good/moderate preservation in the upper interval of Hole U1550A (0–72.51 mbsf ). 
They alternate between abundant, common, and few with moderate to poor preservation at an 
intermediate depth range (81.02–123.08 mbsf ) and range from few to rare and barren with poor 
preservation in the lowermost interval (131.06–200.55 mbsf ). Apparent diagenetic alteration of 
diatoms is present in samples with rare diatoms at the bottom of Hole U1550A. The diatom assem-
blages are obviously different from those found at Sites U1545–U1548, possibly suggesting strong 
disturbance of sedimentation sequences by underwater gravity flow events. The occurrence of cal-
careous nannofossil Emiliania huxleyi from the top to the bottom of both holes dates the entire 
sediment sequence to (Holocene–)late–middle Pleistocene, or younger than 0.29 Ma (Hole 
U1550A = 0–200.55 mbsf ). This age assignment is consistent with the absence of Pseudoemiliania 
lacunosa (last appearance datum [LAD] = 0.44 Ma) and Fragilariopsis reinholdii (LAD = 0.62 Ma) 
in all samples examined. The estimated average sedimentation rate is >692 m/My (>69.2 cm/ky).

1.3.5. Paleomagnetism
Alternating field (AF) demagnetization up to 20 mT was carried out with the superconducting 
rock magnetometer (SRM) on archive-half sections on all sediment cores from Hole U1550A 
(Cores 1H–29X). The drilling-induced overprint was successfully removed from APC and HLAPC 
cores (from the seafloor to ~130 mbsf ) upon demagnetization. Inclination values after demagneti-
zation at 20 mT cluster around 46°, which is comparable to the expected geocentric axial dipole 
(GAD) inclination at the latitude of the site (45.9°). A detailed analysis of the remanence of discrete 
samples from Hole U1550A shows that the drilling-induced overprint was removed by 10 mT and 
the characteristic remanent magnetization (ChRM) agrees with the SRM measurements. Unfortu-
nately, XCB cores were overprinted and too disturbed to yield reliable paleomagnetic data. Never-
theless, three discrete samples were collected in XCB cores, and their inclination values are 
consistent with what is expected. Hole U1550A cores were therefore assigned to the normal Brun-
hes Chron C1n (younger than 0.78 Ma). Discrete sedimentary samples taken in Hole U1550A pre-
dominantly show prolate behavior throughout the hole with the Kmax principal axis of anisotropy 
of magnetic susceptibility distributed in the horizontal plane. The archive-half sections containing 
igneous rocks (Cores 385-U1550A-30X through 32X and 385-U1550B-22X through 23X) were 
only measured for their natural remanent magnetization (NRM) because AF demagnetization 
treatment was not effective.

1.3.6. Inorganic geochemistry
A total of 42 interstitial water (IW) samples were collected from the sedimentary succession at Site 
U1550. The sulfate–methane transition zone (SMTZ) at this site is located at ~10 mbsf, one of the 
shallowest SMTZs encountered during this expedition. The IW chemical properties show spatial 
and vertical heterogeneities, exhibiting differences between Holes U1550A and U1550B (e.g., alka-
linity, ammonium, Mg2+, Li+, and B) and changing significantly between the upper and lower parts 
of the sediment succession throughout both holes. In the upper part of Site U1550 (0–40 mbsf ), 
alkalinity reaches very high values up to 90 mM and Mg2+ accumulates to values higher than sea-
water concentration, whereas Ca2+ shows a decreasing trend due to authigenic carbonate precipi-
tation. Ammonium shows local peaks at 25 mbsf and around 100 mbsf; the upper peak is stronger 
in Hole U1550A, and the deeper one is stronger in Hole U1550B. Below 100 mbsf, alkalinity and 
Mg2+ decrease with depth and Ca2+, Li+, Sr2+, and H4SiO4 concentrations increase with depth. 
These elements show remarkable excursions above the sill. Thus, the IW chemical properties in 
this interval are likely to be influenced by the sill, as previously evidenced at Site 481 (Shipboard 
Scientific Party, 1982).
85.107.2021 publications.iodp.org · 4
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1.3.7. Organic geochemistry
At Site U1550, organic geochemists performed sampling and analysis of gas and solid-phase sam-
ples and examined them for features that might distinguish this axial setting. In Hole U1550A, one 
headspace gas sample was analyzed per 9.5 m of advance for routine hydrocarbon safety monitor-
ing; void gases were quantified and sampled for hydrocarbon, H2, and CO contents; and the car-
bon, nitrogen, and sulfur contents of particulate sediment were characterized. In Hole U1550B, 
hydrocarbon, H2, and CO analyses were performed on headspace and void gas samples. Carbon, 
nitrogen, and sulfur contents of sediment were characterized, and a comprehensive suite of gas 
and sediment samples for postexpedition analyses were taken. Methane and C2–C6 hydrocarbons 
are detectable below ~7 mbsf. Low C1/C2 values displaying an anomalous relationship with tem-
perature were observed in both Holes U1550A and U1550B. The lowest ratios occur between 
~100 and ~130 mbsf, but the concentrations of higher hydrocarbon are low and C1/C2 values 
return to normal farther downhole. From elemental analysis, we infer that the primary source of 
organic matter is marine in origin, although some samples indicate terrestrial organic matter 
input, and others are ambiguous because of the influence of mineral-associated nitrogen. In Hole 
U1550B, H2 and CO are present at nanomolar concentrations.

1.3.8. Microbiology
Hole U1550B is located ~50 m southeast of Site 481 where past studies included enrichments for 
hydrogenotrophic methanogens and detected living methanogens in shallow cores (Oremland et 
al., 1982). Consistent with previously measured moderate temperatures at Site 481 (Shipboard Sci-
entific Party 1982), this hole presents an opportunity for microbiologists to examine the microbial 
abundance and community structure in sediments with a lower temperature gradient compared to 
the other sites of Expedition 385. Syringe samples for cell counts, 3-D structural imaging, and 
RNA analyses were taken on the core receiving platform, preserved or frozen, and stored for fur-
ther analyses. Whole-round core samples were either stored in a −80°C freezer or temporarily 
stored in a cold room of 4°–8°C and processed further for shore-based analyses, as described for 
Site U1545. Samples for PFT measurements were taken on the core receiving platform using a 
syringe at nine distinct horizons. Cell abundance for selected samples was determined by direct 
counting with an epifluorescence microscope. Cell abundance was 3.1 × 106 cells/cm3 in bottom 
seawater, whereas seafloor sediments showed 1.1 × 109 cells/cm3. Below the seafloor, cell abun-
dance gradually decreased to 1.3 × 106 cells/cm3 at 94.5 mbsf and decreased below the detection 
limit of the protocol used for shipboard measurements at approximately 122 mbsf, which was 
nearly twice as deep as at Ringvent (Holes U1547B, U1548B, and U1548C).

1.3.9. Petrophysics
Physical properties measurements made on whole-round and working-half sections were com-
pared between Holes U1550A and U1550B for lithostratigraphic characterization and correlation 
of visual core description with physical properties. Four in situ formation temperature measure-
ments were conducted using the APCT-3 and SET2 tools to calculate the geothermal gradient 
(135°C/km) and heat flow (110 mW/m2). Conductivity measurements between Holes U1550A and 
U1550B show a similar increasing trend with depth. Three main depth intervals are characterized 
by notable petrophysical strength variations (between the seafloor and 43 mbsf, 43–86.5 mbsf, and 
below 96.5 mbsf ), showing significant increases in shear strength. These features are embedded in 
a rheology trend of generally increasing shear strength downhole, whereas porosity strongly 
decreases because of the presence of a sill at the bottom of both holes. Strength and porosity mea-
surements correlate positively with three lithologic subunits (IA–IC) and negatively with the rest 
of the physical properties (e.g., bulk density). Physical properties in Holes U1550A and U1550B 
show good correlation with depth except at ~80–90 mbsf where peaks in natural gamma radiation 
(NGR), magnetic susceptibility (MS), and P-wave velocity show an offset of 10 m between the two 
holes (~80 mbsf in Hole U1550A and ~90 mbsf in Hole U1550B). Also, these physical properties 
reveal the presence of a sill in both holes (top contact at ~204 mbsf in Hole U1550A and ~170 
mbsf in Hole U1550B).
85.107.2021 publications.iodp.org · 5
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2. Background and objectives
Site U1550 (proposed Site GUAYM-6B) is located at 7.25573°N, 111.50556°W within the axial gra-
ben of the northern Guaymas Basin spreading segment at a location where the northern graben 
enters the overlapping region of the northern and southern spreading segments (Figure F3; see 
Figure F1 in the Expedition 385 summary chapter [Teske et al., 2021b]). This site was chosen very 
close to DSDP Site 481 to take advantage of the known presence, depth, and characteristics of sills 
and indurated sediments at Site 481 (Shipboard Scientific Party, 1982) and to recore this site with 
improved coring tools and sampling approaches. Substantially improved recovery was expected, 
and it will lead to increased sampling resolution of downhole changes and the use of modern geo-
chemical, mineralogic, and microbiological approaches.

A broad objective of Expedition 385 is to study the influence of sill intrusions on sediment alter-
ation and the consequences of this alteration for carbon cycling. A number of factors influence 
both alteration and carbon cycling, and the robustness of hydrothermal circulation is a very 
important factor. The fault-bounded setting of axial Site U1550 provides the potential for high-
flux fluid circulation in response to sill intrusion, leading to rapid cooling and potentially 
enhanced alteration due to the rapid removal of dissolved mineral phases and exsolved gases. The 
primary objectives for Site U1550 are thus to characterize the physical, chemical, and microbial 
responses to sill intrusion into sediments at a high-flux, end-member location.

Figure F3. Seismic Lines AH-1213 (top left), AH-1011 (top right), and GM-012 (bottom), with the location of Hole U1550A 
indicated as a thick blue line on the AH-1011 profile and crossing-line locations indicated by thin blue lines. Line GM-012 
provides an expanded view of the axial trough, which is floored by numerous mounds believed to be formed primarily in 
response to sill intrusion. The brighter band of reflectivity at ~2.9–3.0 s two-way traveltime is believed to represent sill intru-
sions. Data quality between 1850 and 2150 on Line AH-1011 is particularly poor, and the broad diffractions observed over 
that interval are not representative of subsurface structure. CDP = common depth point.
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3. Operations

3.1. Site U1550
Site U1550 consists of two holes that essentially represent a redrilling of adjacent DSDP Site 481 in 
the northern spreading segment of Guaymas Basin. The original plan for Site U1550 was to core 
two holes to 250 mbsf each by deployment of the APC and XCB systems, with the first hole dedi-
cated to lithologic and pore water analysis and the second hole dedicated to sample recovery for 
microbiology studies. Actual operations somewhat differed from the plan, and both holes were 
terminated early so that the penetration of the local sill intrusion would be kept to the length of 
two coring advances. Hole U1550A was cored with the APC, HLAPC, and XCB systems to 207.0 
mbsf; drilling stopped after ~3 m of sill had been cored. In proximal Hole U1550B, APC coring 
advanced through the sediment column before an underlying sill was encountered at a much shal-
lower depth than in Hole U1550A and intersected for ~4 m when XCB coring stopped at a final 
depth of 174.2 mbsf. In total, 72.0 h, or 3.0 days, were spent at Site U1550.

3.1.1. Hole U1550A
After operations at Site U1549 and upon implementing a routine cut and slip of 115 ft (35 m) of 
the drilling line, we pulled the drill string up to the surface and reassembled the rig floor. At 2025 
h on 26 October 2019, we secured the vessel for transit to Site U1550, located in the northern axial 
graben of Guaymas Basin. We switched from dynamic positioning (DP) to cruise mode at 2034 h, 
raised the thrusters, and started the ~13 nmi sea passage. We arrived at the coordinates of Site 
U1550 at 2209 h on 26 October, lowered the thrusters, and switched back to DP mode. At 2230 h, 
we started lowering the drill string with the APC/XCB bottom-hole assembly to the seafloor. At 
0315 h on 27 October, we picked up the top drive and positioned the bit above the seafloor at 
1997.3 mbsl. We then spudded Hole U1550A at 0405 h. Mudline Core 385-U1550A-1H recovered 
5.8 m and established a seafloor depth of 2001.0 mbsl. Cores 1H–32X penetrated from the sea-
floor to a final depth of 207.0 mbsf and recovered 190.9 m (92%) (Table T2). After encountering 
strong overpull force on Core 12H, we had to drill over the core barrel to retrieve it. We switched 

Table T2. Operations summary, Site U1550. UTC = Coordinated Universal Time, DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF = core 
depth below seafloor. H = advanced piston corer (APC), F = half-length APC, X = extended core barrel. N-Mag = nonmagnetic core barrel. APCT-3 = advanced piston 
corer temperature-3 tool, SET2 = Sediment Temperature 2 tool. (Continued on next page.) Download table in CSV format.

Hole U1550A Hole U1550B
Latitude: 27°15.1602′N Latitude: 27°15.1704′N
Longitude: 111°30.4163′W Longitude: 111°30.4451′W
Water depth (m): 2000.81 Water depth (m): 2001.21
Date started (UTC): 27 October 2019; 0530 h Date started (UTC): 28 October 2019; 2020 h
Date finished (UTC): 28 October 2019; 2020 h Date finished (UTC): 30 October 2019; 0530 h
Time on hole (days): 1.62 Time on hole (days): 1.38
Seafloor depth DRF (m): 2012.1 Seafloor depth DRF (m): 2012.5
Seafloor depth est. method: Mudline core Seafloor depth est. method: Mudline core
Rig floor to sea level (m): 11.29 Rig floor to sea level (m): 11.29
Penetration DSF (m): 207 Penetration DSF (m): 174.2
Cored interval (m): 207 Cored interval (m): 174.2
Recovered length (m): 190.94 Recovered length (m): 160.8
Recovery (%): 92.24 Recovery (%): 92.31
Drilled interval (m): 0 Drilled interval (m): 0 
Drilled interval (N): 0 Drilled interval (N): 0
Total cores (N): 32 Total cores (N): 23

Core Date

Time on 
deck 

UTC (h)

Top depth 
drilled 

DSF (m)

Bottom depth 
drilled 

DSF (m)
Advanced 

(m)

Recovered 
length 

(m)

Curated 
length 

(m)

Top depth 
cored 

CSF (m)

Bottom depth 
recovered 

(m)
Recovery 

(%)
Sections 

(N) Comment

385-U1550A-
1H 27 Oct 2019 1125 0.0 5.8 5.8 5.80 5.80 0.0 5.80 100 5 N-Mag
2H 27 Oct 2019 1235 5.8 15.3 9.5 10.07 10.07 5.8 15.87 106 8 N-Mag
3H 27 Oct 2019 1330 15.3 24.8 9.5 10.22 10.22 15.3 25.52 108 9 N-Mag
4H 27 Oct 2019 1445 24.8 34.3 9.5 9.99 9.99 24.8 34.79 105 8 N-Mag, APCT-3
5H 27 Oct 2019 1530 34.3 43.8 9.5 9.86 9.86 34.3 44.16 104 8 N-Mag
6H 27 Oct 2019 1625 43.8 53.3 9.5 9.88 9.88 43.8 53.68 104 8 N-Mag, APCT-3
7H 27 Oct 2019 1710 53.3 62.8 9.5 10.00 10.00 53.3 63.30 105 8 N-Mag
https://doi.org/10.14379/iodp.proc.385.107.2021 publications.iodp.org · 7



A. Teske et al. · Site U1550 IODP Proceedings Volume 385
8H 27 Oct 2019 1815 62.8 72.3 9.5 10.29 10.29 62.8 73.09 108 8 N-Mag, APCT-3
9H 27 Oct 2019 1855 72.3 81.8 9.5 10.00 10.00 72.3 82.30 105 8 N-Mag
10H 27 Oct 2019 1940 81.8 91.3 9.5 9.94 9.94 81.8 91.74 105 8 N-Mag
11H 27 Oct 2019 2040 91.3 100.8 9.5 9.80 9.80 91.3 101.10 103 8 N-Mag
12H 27 Oct 2019 2155 100.8 110.3 9.5 10.22 10.22 100.8 111.02 108 8 N-Mag, APCT-3
13F 27 Oct 2019 2250 110.3 115.0 4.7 4.87 4.87 110.3 115.17 104 5 N-Mag
14F 27 Oct 2019 2310 115.0 119.7 4.7 5.01 5.01 115.0 120.01 107 6 N-Mag
15F 28 Oct 2019 0020 119.7 124.4 4.7 3.63 3.63 119.7 123.33 77 4 N-Mag, SET2 after 15F
16F 28 Oct 2019 0210 124.4 129.1 4.7 4.89 4.89 124.4 129.29 104 5 N-Mag
17F 28 Oct 2019 0240 129.1 131.1 2.0 3.46 3.46 129.1 132.56 173 4 N-Mag
18X 28 Oct 2019 0340 131.1 132.1 1.0 0.55 0.55 131.1 131.65 55 2
19F 28 Oct 2019 0405 132.1 133.6 1.5 3.62 3.62 132.1 135.72 241 4 N-Mag
20X 28 Oct 2019 0440 133.6 134.6 1.0 1.09 1.09 133.6 134.69 109 2
21F 28 Oct 2019 0510 134.6 135.6 1.0 1.50 1.50 134.6 136.10 150 2 N-Mag
22X 28 Oct 2019 0600 135.6 141.7 6.1 0.28 0.28 135.6 135.88 5 1
23X 28 Oct 2019 0645 141.7 151.4 9.7 8.37 8.37 141.7 150.07 86 7
24X 28 Oct 2019 0745 151.4 161.1 9.7 8.98 8.98 151.4 160.38 93 7
25X 28 Oct 2019 0840 161.1 170.8 9.7 8.11 8.11 161.1 169.21 84 7
26X 28 Oct 2019 0930 170.8 180.6 9.8 8.15 8.15 170.8 178.95 83 7
27X 28 Oct 2019 1025 180.6 190.3 9.7 8.80 8.80 180.6 189.40 91 7
28X 28 Oct 2019 1125 190.3 200.0 9.7 1.33 1.33 190.3 191.63 14 2
29X 28 Oct 2019 1255 200.0 203.7 3.7 1.04 1.04 200.0 201.04 28 2
30X 28 Oct 2019 1515 203.7 204.7 1.0 0.43 0.43 203.7 204.13 43 1
31X 28 Oct 2019 1700 204.7 206.7 2.0 0.46 0.52 204.7 205.22 23 1
32X 28 Oct 2019 1855 206.7 207.0 0.3 0.30 0.27 206.7 206.97 100 1

Hole U1550A totals: 207.0 190.94 92 171

385-U1550B-
1H 28 Oct 2019 2200 0.0 5.4 5.4 5.51 5.51 0.0 5.51 102 5 N-Mag
2H 28 Oct 2019 2315 5.4 14.9 9.5 10.10 10.10 5.4 15.50 106 8 N-Mag
3H 29 Oct 2019 0030 14.9 24.4 9.5 10.04 10.04 14.9 24.94 106 8 N-Mag
4H 29 Oct 2019 0145 24.4 33.9 9.5 9.97 9.97 24.4 34.37 105 8 N-Mag
5H 29 Oct 2019 0300 33.9 43.4 9.5 9.94 9.94 33.9 43.84 105 8 N-Mag
6H 29 Oct 2019 0415 43.4 52.9 9.5 9.81 9.81 43.4 53.21 103 8 N-Mag
7H 29 Oct 2019 0530 52.9 62.4 9.5 10.03 10.03 52.9 62.93 106 8 N-Mag
8H 29 Oct 2019 0645 62.4 71.9 9.5 9.88 9.88 62.4 72.28 104 8 N-Mag
9H 29 Oct 2019 0800 71.9 81.4 9.5 10.17 10.17 71.9 82.07 107 9 N-Mag
10H 29 Oct 2019 0915 81.4 90.9 9.5 10.30 10.30 81.4 91.70 108 8 N-Mag
11H 29 Oct 2019 1030 90.9 100.4 9.5 10.05 10.05 90.9 100.95 106 9 N-Mag
12H 29 Oct 2019 1225 100.4 109.9 9.5 10.17 10.17 100.4 110.57 107 9 N-Mag
13F 29 Oct 2019 1320 109.9 114.6 4.7 5.10 5.10 109.9 115.00 109 5 N-Mag
14F 29 Oct 2019 1405 114.6 119.3 4.7 4.72 4.72 114.6 119.32 100 5 N-Mag
15F 29 Oct 2019 1450 119.3 124.0 4.7 4.60 4.60 119.3 123.90 98 5 N-Mag
16F 29 Oct 2019 1550 124.0 128.7 4.7 5.02 5.02 124.0 129.02 107 5 N-Mag
17F 29 Oct 2019 1650 128.7 131.7 3.0 4.66 4.66 128.7 133.36 155 5 N-Mag
18X 29 Oct 2019 1800 131.7 141.3 9.6 7.70 7.70 131.7 139.40 80 6
19X 29 Oct 2019 1900 141.3 151.0 9.7 4.18 4.18 141.3 145.48 43 5
20X 29 Oct 2019 2000 151.0 160.7 9.7 6.93 6.93 151.0 157.93 71 6
21X 29 Oct 2019 2110 160.7 170.4 9.7 0.37 0.22 160.7 160.92 4 1
22X 29 Oct 2019 2230 170.4 172.2 1.8 0.56 0.52 170.4 170.92 31 1
23X 29 Oct 2019 2345 172.2 174.2 2.0 0.99 1.14 172.2 173.34 50 1

 Hole U1550B totals: 174.2 160.80 92 141
Site U1550 totals: 381.2 351.70 92 312

Core Date

Time on 
deck 

UTC (h)

Top depth 
drilled 

DSF (m)

Bottom depth 
drilled 

DSF (m)
Advanced 

(m)

Recovered 
length 

(m)

Curated 
length 

(m)

Top depth 
cored 

CSF (m)

Bottom depth 
recovered 

(m)
Recovery 

(%)
Sections 

(N) Comment

Table T2 (continued).

to the HLAPC system from 110.3 mbsf (Core 13F) downhole. While deploying the HLAPC tool, 
we used the XCB system to core through infrequent hard layers that were penetrated with Cores 
18X and 20X. Starting with Core 22X at 135.6 mbsf, we continuously deployed the XCB system. 
Nonmagnetic core barrels were deployed and orientation measurements were taken on all APC 
cores using the Icefield MI-5 core orientation tool. We made formation temperature measure-
ments using the APCT-3 tool on Cores 4H, 6H, 8H, and 10H and the SET2 tool following Core 
15F. After the XCB cutting shoe was destroyed on Core 32X, we terminated coring in Hole 
U1550A at 1200 h on 28 October. We pulled the drill string out of the hole, and the bit cleared the 
seafloor at 1320 h, ending Hole U1550A. A total of 38.8 h, or 1.6 days, were spent on Hole 
U1550A.
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3.1.2. Hole U1550B
The vessel then moved over to the Hole U1550B coordinates 55 m west of Hole U1550A. Upon 
cutting and reheading the core line, we loaded the sinker bars, deployed the APC core barrel, and 
positioned the bit above the seafloor at 1997.3 mbsl. We spudded Hole U1550B at 1445 h on 28 
October 2019. Mudline Core 385-U1550B-1H recovered 5.5 m and determined a seafloor depth of 
2001.4 mbsl. Cores 1H–32X penetrated from the seafloor to a final depth of 174.2 mbsf and recov-
ered 160.8 m (92%) (Table T2). After encountering strong overpull force on Core 12H, we had to 
drill over the core barrel to retrieve it. We thus switched to the HLAPC system at 109.9 mbsf (Core 
13F). Upon a partial stroke on Core 17F (131.7 mbsf ), we deployed the XCB system to refusal at 
174.2 mbsf. We used nonmagnetic core barrels on all APC/HLAPC cores and pumped PFTs for 
drilling fluid (seawater) contamination monitoring on all cores. The pacing of coring was adjusted 
(75 min between cores) to the complex high-resolution microbial and biogeochemical sampling 
program conducted on the core receiving platform. We terminated coring in Hole U1550B after 
recovering Core 32X and started pulling the drill string out of the hole. The bit cleared the seafloor 
at 1815 h on 29 October. We then secured the vessel for transit to Site U1545, and at 2233 h, we 
switched from DP to cruise mode, ending Hole U1550B and Site U1550. We started our ~31 nmi 
sea passage at 2300 h on 29 October. A total of 33.2 h, or 1.4 days, were spent on Hole U1550A.

4. Lithostratigraphy
The two holes drilled at Site U1550 in the northern axial graben of Guaymas Basin near DSDP Site 
481 recovered a stratigraphic succession of sediments, sedimentary rocks, and minor igneous 
rocks (Figure F4). Hole U1550A was drilled to 207 mbsf and a total curated depth of 206.97 mbsf. 
Hole U1550B was drilled ~51 m west of Hole U1550A to a final drilling depth of 174.2 m and a 
total curated depth of 173.34 mbsf. All references to depths in the text, figures, and tables repre-
sent curated depths on the core depth below seafloor, Method A (CSF-A), depth scale and use 
mbsf as the unit of measure. Lithologic description was based on combining the visual description 
of the core and results of the petrographic analyses of smear slides as well as the results of the 

Figure F4. Lithostratigraphic column, Site U1550. Data on right are from Hole U1550A. Depth of the upper sill/sediment contact corresponds to Hole U1550A. NGR = 
natural gamma radiation, cps = counts per second, MS = magnetic susceptibility, WRMSL = Whole-Round Multisensor Logger.
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mineralogic analysis done with XRD. The quality of the lithostratigraphic analysis depended on 
the quantity and the quality of the cores recovered, which in turn were partly a function of the 
lithologies encountered and the coring systems used: APC, HLAPC, and XCB. Measured physical 
properties such as MS, NGR, and color reflectance were also used to aid with interpretation of the 
cores and were compared to the lithologic data (Figure F4). Hole U1550A provided the most com-
plete and the deepest recovered record for this site.

Hole U1550B was shallower and heavily sampled prior to sediment description; numerous whole-
round core samples were collected for microbiology and geochemistry analyses (Figure F4; see 
Microbiology and Geochemistry). Hence, most of the lithologic observations and the depths of 
lithologic changes described in this report refer to Hole U1550A. The lithostratigraphy at these 
holes was designated as a single unit divided into four subunits. The sedimentary subunits (IA–
IC) are the focus of this chapter. The bottom of Subunit IC includes igneous rocks that were inter-
sected in both Hole U1550A and Hole U1550B (see Igneous petrology and alteration for a 
detailed description of this material). Igneous rocks were encountered at a greater depth (~30 
mbsf ) in Hole U1550A (203.7 mbsf ) compared to Hole U1550B (170.4 mbsf ) (Table T3). Not sur-
prisingly, only ~70 m or about one-third of the record from Hole U1550A could be correlated to 
the record from Hole U1550B, as discussed below.

4.1. Unit descriptions

4.1.1. Lithostratigraphic Unit I

Intervals: 385-U1550A-1H-1, 0 cm, to 32X-1, 27 cm; 385-U1550B-1H-1, 0 cm, to 23X-1, 114 
cm

Depths: Hole U1550A = 0–206.97 mbsf, Hole U1550B = 0–173.34 mbsf
Thickness: Hole U1550A = 206.97 m, Hole U1550B = 173.34 m
Age: late to middle Pleistocene
Lithology: clay-rich diatom ooze, diatom clay, clay, sand, silt, micrite-rich diatom clay, lime-

stone/dolostone, siliceous claystone, and mafic igneous rock

Table T3. Lithostratigraphic summary, Site U1550. Download table in CSV format. 

Lith. 
unit

Lith. 
subunit

Core, section, 
interval (cm)

Depth 
(mbsf ) Age Main lithologies Minor lithologies

Soft-sediment 
deformation Comments

385-
I  U1550A-1H-1, 0, 

through 32X-1, 27
206.97 late to middle 

Pleistocene
 U1550B-1H-1, 0, 

through 23X-1, 114
173.34

IA U1550A-1H-1, 0, 
through 10H-CC, 24

0–91.74 late to middle 
Pleistocene

Diatom clay, nannofossil-rich 
diatom clay, silt- and 
nannofossil-bearing diatom 
clay, silt, sand, foraminifer 
sand

Homogeneous nannofossil-
bearing diatom clay, 
nannofossil-rich diatom clay, 
silt, sand, silty sand; large 
pyroclastic clasts in 385-
U1550A-7H-1 and 2 (~54–55 
mbsf ) and 385-U1550B-7H-6 
(~60.5–61.5 mbsf )

At ~6–35.8 mbsf: 
overturned, 
folded/tilted beds and 
laminae

Sand layers and laminae 
of tilted or bent; some 
vertical “injecting” finer 
grained diatomaceous 
sediment

U1550B-1H-1, 0, 
through 11H-4, 110

0–94.53 385-U1550B at ~62.8–
91.74 mbsf: 
folded/tilted beds and 
laminae

IB U1550A-10H-CC, 24, 
through 16F-CC, 24

91.74–129.29 late to middle 
Pleistocene

Clay-rich diatom ooze, diatom 
ooze, diatom clay, 
nannofossil-rich diatom 
clay, silt, sandy silt

Sand and silty sand 385-U1550A at ~115–
129.3 mbsf: folding and 
tilting

U1550B-11H-4, 110, 
through 17F-1, 0 

94.53–128.7

IC U1550A-16F-CC, 24, 
through 29X-CC, 36

129.29–206.97 late to middle 
Pleistocene

Micrite-rich clay, silty sand, 
micrite, 
dolostone/limestone, 
organic-rich silty clay, 
siliceous claystone, silty 
siliceous claystone

Mafic igneous rock at the 
bottom of each hole

Minor folding present 
throughout Subunit IC

Cannot correlate 
between holes. Opal-A 
to opal-CT phase 
change in Core 385-
U1550A-25X

U1550B-17F-1, 0, 
through 21X-CC, 99

128.7–173.34
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Lithostratigraphic Unit I is composed of a 206.97 m thick sequence of late to middle Pleistocene 
sediments and sedimentary rocks as well as igneous rocks (see Igneous petrology and alter-
ation). The sediments recovered can mainly be ascribed to two lithologic types: (1) biogenic dom-
inated, in which more or less laminated olive-gray diatom clay is mixed with various proportions 
of nannofossils and silt-sized siliciclastic particles, and (2) siliciclastic dominated, in which coarse-
grained siliciclastic components (sand and silt), clay minerals, and secondarily diatoms occur 
either mixed in homogeneous layers or segregated in depositional units often characterized by 
graded bedding and scoured bases. Most of the thickest depositional events identified can be 
traced between holes (depositional units T1–T4) (Figure F4; Table T4). The two end-members 
can alternate within a core section or extend across several cores. A third type of geometric rela-
tionship is the more or less chaotic intermingling between lithologies as a result of folding, fault-
ing, and in some cases, injection of one lithology into another. As further explained in Discussion, 
all these observations are evidence for large-scale episodes of soft-sediment deformation. Finally, 
other lithologies, including micrite (micrometer-sized authigenic carbonate particles) and carbon-
ate nodules, occur but only in small stratigraphic intervals and only toward the bottom of Hole 
U1550A (Figure F4).

As seen at previous sites, the lithologic changes, although distinctive, are not significant enough to 
warrant formal division of the sedimentary succession into more than one lithostratigraphic unit 
(Unit I). However, there are vertical changes in the character of the dominant lithology, the style of 
bedding and/or deformation, and diagenetic boundaries, some of which are traceable between 
holes, that prompt division of Unit I into three subunits (Figure F4; Table T3). Unless otherwise 
stated, all stratigraphic intervals and depths mentioned in the chapter refer to Hole U1550A, 
which is the deepest hole and the least sampled for pore water geochemistry or microbiology.

4.1.1.1. Subunit IA

Intervals: 385-U1550A-1H-1, 0 cm, to 10H-CC, 24 cm; 385-U1550B-1H-1, 0 cm, to 11H-4, 110 
cm

Depths: Hole U1550A = 0–91.74 mbsf, Hole U1550B = 0–94.53 mbsf
Thickness: Hole U1550A = 91.74 m, Hole U1550B = 94.53 m
Age: (Holocene? to) late to middle Pleistocene
Lithology: diatom ooze, diatom clay, nannofossil-rich diatom clay, silt- and nannofossil-

bearing diatom clay, silt-rich diatom clay, diatom-rich silty clay, silt, diatom-rich clayey 
silt, sandy silt, sand, silty sand, foraminifer-rich sand, ash, and scoria

Core 1H in each hole includes two thick (~2.5 m each) intervals composed of dark yellowish 
brown silty diatom clay with sandy laminae toward the bottom, which are referred to in combina-
tion as Depositional Unit T1 (Table T4). Core 2H shows the uppermost evidence of soft-sediment 
deformation in the form of a ~50 cm thick overturned depositional unit composed of an inversely 
graded gray silty sand that overlies light olive-gray diatom ooze (Figure F5). The evidence of soft-
sediment deformation in underlying cores includes tilted and folded lamination in the diatom clay 
and contorted and injected sandy intervals (Figure F6). Deformation corresponds to relatively flat 
values of both NGR and MS, perhaps as a result of the mixing of lithologies associated with it 
(Figure F4). The most deformed interval in this subunit occurs between ~6 and 35.8 mbsf (Figure 

Table T4. Depositional units summary, Site U1550. Download table in CSV format.

Depositional 
unit Hole(s)

Thickness 
(m) Description

T1 U1550A, U1550B 2.5 Cores 385-U1550A-1H and 385-U1550B-1H: two ~2.5 m thick event beds in the top core of each hole, 
showing laminated sandy bottoms

T2 U1550A, U1550B 3.5 Sections 385-U1550A-4H-4 and 4H-7 (~50–53.8 mbsf): gradational shift from clay (low MS and NGR) to 
sand (high MS and NGR) at the base

T3 U1550A 3.3 Sections 385-U1550A-8H-2 and 8H-3 (~64.3–67.3 mbsf): scoured base, sandy/silty sand laminated layer 
at the bottom (~20 cm thick), nonlaminated gray silty body (which makes up the majority of the 
bed), lighter colored, diatom-rich top 

T4 U1550A, U1550B 7.4 Cores 385-U1550A-12H-6 through 13H (~103.3–115.17 mbsf ): graded sand (the unit could be thicker 
and include Cores 12H and 11H) (homogeneous olive-green diatom clay)
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F6; Table T3). Toward the bottom of the subunit, the strata appear more regular (see Structural 
geology). Smaller depositional units alternate with the background (host) sediment of more or 
less laminated olive-brown silt-bearing diatom clay. The former are often characterized by light 
olive-gray diatom-rich clayey silt intervals capped by lighter colored diatom oozes and scoured 
bases that also contain coarser silt and sand grains (Figure F6). A thicker depositional unit was 
observed between Sections 385-U1550A-2H-4 and 2H-7 (i.e., ~10 and ~16 mbsf ) with a grada-
tional shift from clay (low MS and NGR) to sand (high MS and NGR) at the base (Depositional 
Unit T2; Table T3). In both Holes U1550A and U1550B, the subunit is marked by a lithologically 
complex interval that can be correlated between the two holes; it includes a remarkably large con-
centration of silt- (ash) to granule-sized (lapilli) scoria fragments (Sections 385-U1550A-5H-1 and 
5H-2 [~34.3–37.3 mbsf ] and 385-U1550B-7H-6 [~61–62 mbsf ]) (Figure F7). The host sediments 
include clay-rich diatom ooze and small depositional units composed of olive-gray and gray 
diatom-rich silty clay and intervals of olive-black sand showing scoured bases and minor foramin-
iferal sand. Shells and shell fragments are common through the subunit.

4.1.1.2. Subunit IB

Intervals: 385-U1550A-10H-CC, 24 cm, to 16F-CC, 24 cm; 385-U1550B-11H-4, 110 cm, to 
385-U1550B-17F-1, 0 cm

Depths: Hole U1550A = 91.74–129.29 mbsf, Hole U1550B = 94.53–128.7 mbsf
Thickness: Hole U1550A = 37.55 m, Hole U1550B = 34.17 m
Age: late to middle Pleistocene
Lithology: clay-rich diatom ooze, diatom ooze, diatom clay, nannofossil-rich diatom clay, silt, 

sandy silt, and sand

Subunit IB is mainly composed of varying proportions of diatoms, clay, and silt with sand occur-
ring mainly as a secondary component. The upper two cores in Holes U1550A and U1550B (Cores 
11H and 12H) contain a very distinctive, ~18 m thick homogeneous interval characterized by rel-
atively low values of NGR and MS and composed of olive-green diatom clay mixed with variable 

Figure F5. Example of overturned depositional unit at the top of Subunit IA in both holes drilled at Site U1550. A. Normal 
bedding (white arrow) with coarser sandy layer at the bottom and a light-colored band mainly composed of diatoms at the 
top (385-U1550A-1H-1, 44–53 cm). B. The same depositional unit is overturned (white arrow), and coarse shell debris is 
visible at the erosional base of the dark sandy interval (385-U1550B-1H-1, 110–130 cm). Scale = cm.
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amounts of nannofossils. The interval is underlain by silty sand and sandy silt forming Deposi-
tional Unit T4 in Core 13H (Table T3). This lithologic change corresponds to an increase in both 
MS and NGR. The depositional unit shows extensive folding, including concentric folds that are 

Figure F6. A. Diatom ooze (Do) overlying homogeneous diatom clay (Ho) is offset along a fault (F) or series of faults 
(U1550A-8H-4, 117–140 cm). Note overlying laminated diatom clay (Lam) with distinct dark ash lamina (Ash). B. Homoge-
neous diatom clay deformed and injected by fluidized sand (SI). A fault (F) crosscuts the injection features in the upper part 
(9H-4, 75–105 cm). C. Multiple phases of sand injection, light (ISI) and dark (dSI). White arrow = a thin contorted vein of dark 
sand extending down the left half of the core and crosscutting a lighter injection feature (9H-5, 120–150 cm). D. Complex 
mix of deformed diatom clay to diatom ooze crosscut by various sand injection veins (10H-2, 80–105 cm). E. Gray sandy bed 
with a scoured base (Scour) fines upward from sand (135–125 cm) to silt (<125 cm) with black streaks of organic matter 
(Org) potentially defining cross-lamination (23X-4, 116–142 cm). This extended core barrel core is slightly biscuited. 
F. Potentially cross-laminated (Xlam?) fine sand to silt bed abruptly overlain by diatom clay at a potential fault (F) contact 
(23X-2, 110–140 cm). The diatom clay is then overlain at a scoured contact by normally graded to laminated gray sand 
(Glam). Scale = cm.
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generally consistent with the contrasting rheologies expected for the observed alternating sand 
and diatom clay lithologies. The lowermost part of Subunit IB is mainly diatom clay mixed with 
different proportions of silt and nannofossils. Soft-sediment deformation is especially evident 
when coarser grained silty or sandy silt laminae are present (see Structural geology).

The bottom of this subunit marks the depth (~130 mbsf in Holes U1550A and U1550B) at which it 
is no longer possible to correlate the two holes and, as explained below, some of the lithologies 
found in Hole U1550A below this depth are not found in Hole U1550B.

Figure F7. Subunit IA, Hole U1550A. A, B. Unusual bed containing dark (mafic?) volcanic lapilli (to ash) and fragments of 
diatom clay that can be more clearly defined in (B) X-ray images where the lapilli are black to dark gray and the large sedi-
mentary fragments (S) and muddy matrix are lighter shades of gray.
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4.1.1.3. Subunit IC

Intervals: 385-U1550A-16F-CC, 24 cm, to 32X-1, 27 cm; 385-U1550B-17F-1, 0 cm, to 23X-1, 
114 cm

Depths: Hole U1550A = 129.29–206.97 mbsf, Hole U1550B = 128.7–173.34 mbsf
Thickness: Hole U1550A = 77.68 m, Hole U1550B = 44.64 m
Age: late to middle Pleistocene
Lithology: micrite-rich diatom clay, micrite, micrite-rich silty sand, limestone/dolostone, 

clayey siltstone, and mafic igneous rock

As mentioned above, the sedimentary part of Subunit IC cannot be correlated between holes, sug-
gesting local stratigraphic complexity at a lateral scale of 50 m. This subunit includes sediments 
and sedimentary rocks with a thin interval of igneous rocks intersected at its very base (see Igne-
ous petrology and alteration).

In Hole U1550A, the top of this subunit corresponds to the uppermost appearance of carbonates 
(micrite/nodules) and a change in sediment color. The host sediment is mainly dusky yellowish 
brown diatom clay alternating with dark yellowish brown micrite-rich diatom clay. Micrite also 
occurs in lighter colored patches or as cement in coarser grained lithologies such as sandy siltstone 
beds. Folding and tilting are also present. An organic matter–rich, black-olive clayey silt layer was 
observed in both holes (Sections 385-U1550A-19F-2 [~133.5 mbsf ] and 385-U1550B-20X-4 
[~155.4 mbsf ]), but it is not clear whether they are correlative or different deposits. Coarser 
grained beds and depositional units showing fining-upward grain sizes and coarser sandy bases 
are also present (Figure F6E–F6F). Pebble-sized carbonate nodules are also common, although 
the majority are probable fall-ins from shallower intervals (see Lithostratigraphy in the Expedi-
tion 385 methods chapter [Teske et al., 2021a]). In Hole U1550A, carbonate intervals were not 
observed below ~135.9 mbsf (Core 22X), whereas in Hole U1550B they were limited to below 
~153 mbsf (Cores 20X and 21X).

Between ~141.7 and ~160.4 mbsf in Hole U1550A (Cores 23X and 24X), the main lithology is dark 
yellowish brown silty clay mixed with a variable abundance of diatoms (from rich to absent) and 
locally alternating with sporadic graded silty sand layers. Low diatom abundance and preservation 
also agree with micropaleontological observations (see Biostratigraphy). The variability in dia-
tom content is probably a consequence of silica diagenesis and the transition from opal-A to opal-
CT, which, according to the XRD mineralogic data, could start in Core 25X (~161 mbsf; Figure 

Figure F8. XRD mineralogic analyses, Hole U1550A. A. 1H-3, 50–51 cm. B. 6H-3, 65–66 cm. C. 11F-3, 70–71 cm. D. 14F-3, 50–
51 cm. E. 25X-5, 111–112 cm. The broad hump between ~20 and 35 2θ in A, B, and C suggests the presence of amorphous 
silica (opal-A). Silica phase changes deeper in the site are suggested by the occurrence of opal-CT in E. Qtz = quartz, Fds = 
feldspar, Hal = halite, Cal = calcite.
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F8). The dominant sedimentary lithology at the bottom of Hole U1550A above the igneous rocks 
is dark yellowish brown biscuited homogeneous siliceous claystone and silty siliceous claystone 
with occasional graded silty sand layers that have higher MS values. A higher concentration of 
siliciclastic silt component characterizes Core 27X, which is composed of silt-rich siliceous clay-
stone with a laminated/folded interval in Section 27X-4. Finally, in the lowermost interval 
(~200.2–201 mbsf ) of sediments above igneous rock, the color of the siliceous claystone is very 
dark, possibly as consequence of recrystallization and enhanced silica diagenesis at the contact 
zone. XRD analyses confirmed the occurrence of quartz, cristobalite, pyrrhotite, and clay minerals 
in Section 29X-1.

In Hole U1550B, Subunit IC consists of only three cores (17F–19X, ~128.7–145.5 mbsf ) that are 
mainly composed of more or less organic-rich dark yellowish brown homogeneous diatom clay. 
Subordinate coarser lithologies, including layers of silt and sand, occur interspersed with the main 
lithology and show evidence of soft-sediment deformation (tilting and folding) and carbonate 
authigenesis, as indicated above. The igneous contact was not recovered intact, only represented 
by recovered fragments of clayey siltstone and altered basaltic rock in Core 21X.

4.2. Discussion
The sediments recovered at Site U1550 display a variety of sedimentary features, including graded 
beds with scoured bases ranging from a few centimeters to several meters thick, tilted and/or 
folded beds or laminae, and chaotic fabric, that together are direct evidence that deposition at this 
site occurred mainly by means of mass-gravity flows ranging from hybrid to debris flows. Four of 
these gravity flows are several meters thick (T1–T4 in Table T4), have a relatively thin coarser 
grained base, and show normal grading, whereas the majority of the bed is homogeneous. These 
observed sedimentologic characteristics suggest that these deposits are the product of hybrid 
flows (mixture between debris flows and turbidity flows). Three of these hybrid-flow beds can be 
correlated between the two holes with intervening chaotic or deformed intervals, which suggests 
that slumping and chaotic sedimentation alternated with periods of “normal” deposition. In a tec-
tonically active basin such as Guaymas Basin and under the influence of large terrestrial sources of 
riverine sediments (i.e., the Yaqui River), large flood events and seismic activity can be key factors 
in increasing terrigenous inputs to the basin, triggering submarine landslides or slumps, and pro-
moting reworking and resedimentation from mass-gravity flows.

Only ~70 m or about one-third of the record from Hole U1550A could be correlated to the record 
from Hole U1550B. The lack of correlation stems from either the lateral discontinuity of some of 
the depositional bodies (in particular the highly deformed intervals) and/or missing sections 
because of microbiological/geochemistry sampling. Another difference between the holes, which 
are only ~51 m apart, is the depth at which igneous rocks were encountered, which was ~34 m 
shallower in Hole U1550B (~170 mbsf ) compared to Hole U1550A (~204 mbsf; Table T3). DSDP 
Leg 64 Shipboard Scientists also noted the presence of gravity-flow deposits at Site 481 (Shipboard 
Scientific Party, 1982); therefore, future correlation of the uppermost section across holes may be 
possible.

5. Igneous petrology and alteration
Igneous rock was recovered in both holes at Site U1550 using the XCB system. The total thickness 
of the intersected basaltic and doleritic rock is 3.27 m in Hole U1550A and 2.94 m in Hole U1550B, 
and the top depths are 203.70 and 170.40 mbsf, respectively. Neither hole reached the bottom con-
tact with the underlying sediment. The igneous rock intervals intersected in each hole are part of 
intrusive bodies that were emplaced within silt-rich siliceous claystone and diatom clay and make 
up Lithostratigraphic Subunit IC in Holes U1550A and U1550B. Thus, the intrusion has been 
stratigraphically assigned to Subunit IC and designated Igneous Lithologic Unit 1. Igneous recov-
ery plots and the length of recovered sections from Site U1550 are shown in Figure F9.
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5.1. Igneous Lithologic Unit 1 (Lithostratigraphic Subunit IC)

Interval: 385-U1550A-30X-CC, 0 cm, to 32X-1, 27 cm
Depth: 203.70–206.97 mbsf
Thickness: 3.27 m (cored)
Recovery: 1.19 m (36%)
Lithology: doleritic hypabyssal igneous rock
Age: middle Pleistocene or younger (younger than 0.29 Ma)

Interval: 385-U1550B-22X-1, 0 cm, to 23X-1, 114 cm
Depth: 170.40–173.34 mbsf
Thickness: 2.94 m (cored)
Recovery: 1.55 m (53%)
Lithology: plagioclase phyric basaltic and doleritic hypabyssal igneous rock
Age: middle Pleistocene or younger (younger than 0.29 Ma)

In Hole U1550A, hypabyssal igneous rock was recovered from a top depth of 203.70 m to the 
curated bottom core depth of the hole at 206.97 mbsf, underlying very dark brown siliceous clay-
stone. The dark color of the claystone could be an indication that the contact zone between sedi-
ment and sill was recrystallized and silicified by thermal overprint (see Lithostratigraphy). The 
sill material, which was observed in three cores (385-U1550A-30X through 32X, consisting of one 
section each), is solely composed of mafic rock with doleritic texture showing a modal composi-
tion of 70 vol% plagioclase, 25 vol% pyroxene, and 5 vol% accessory minerals (mostly Fe oxide min-

Figure F9. Igneous rock stratigraphy and core recovery, Holes U1550A and U1550B. A. Recovery columns for the igneous sill material recovered in each hole. B. Core 
composite images (displaying section depth) of the igneous rock intervals drilled in each hole.
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erals) in a subophitic matrix. Slight variation was observed in terms of textural appearance. 
Slightly altered doleritic rock in Section 30X-CC is porphyritic and sparsely vesicular and shows 
rounded to subrounded vesicles filled with chlorite (90 vol%) and carbonate (10 vol%) (Figure 
F10D). In contrast, porphyritic doleritic rock recovered in Sections 31X-1 and 32X-1 is non-
vesicular and less altered. The groundmass size of dolerite varies from fine grained (0.2–1 mm) in 
Section 30X-CC to medium grained (1–2 mm and 2–4 mm, respectively) in Sections 31X-1 and 
32X-1 (Figure F10E–F10F). Interval 32X-1, 10–23 cm, comprises doleritic rock of much lighter 
color (white tone), which could be due to a higher abundance of plagioclase. This interval contains 
a horizontally running black sedimentary vein of baked clay (Figure F10A).

In Hole U1550B, igneous rock was recovered in Sections 22X-1 and 23X-1. The former consists of 
slightly altered doleritic rock with subophitic texture showing a high degree of drilling-induced 
fragmentation. Moderately plagioclase phyric (15%–20 vol%) basaltic rock in Section 23X-1 con-
tains intervals (~15 mm in diameter) with doleritic texture and sharp contact between both tex-
tures (Figure F10B). The change in grain size from basaltic to doleritic texture can also be 
gradational (Figure F10C). Among the doleritic intervals in both sections, composition and tex-
ture do not vary significantly. Multiple parallel-trending calcite veins are also present in both 
basaltic and doleritic rock intervals (Figure F10B–F10C).

5.2. Petrographic description
At the microscopic scale, doleritic and plagioclase phyric basaltic rocks show a well-preserved pri-
mary igneous mineral assemblage (plagioclase, clinopyroxene, and Fe-Ti oxides) and a range of 
microtextures (such as porphyritic, subophitic, and intersertal) (Figure F11). Euhedral acicular 

Figure F10. Doleritic rock and its textural relationship with the coexistent basaltic intervals, Holes U1550A and U1550B. 
A. Thin vein of baked clay within light-colored doleritic rock. B. Doleritic fragment in basaltic rock with parallel running 
calcite veinlets. C. Change of gradational grain size from basaltic to doleritic groundmass crosscut by parallel calcite veins. 
D–F. Progressive downhole coarsening of matrix plagioclase crystals displayed in doleritic intervals in Hole U1550A. 
Scale = cm.
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and lath-shaped plagioclase is the dominant phenocryst mineral (2–20 vol%; 1–4 mm in size) in 
the gray porphyritic basaltic rock. The felty equigranular to inequigranular, microcrystalline 
groundmass shows euhedral to subhedral acicular plagioclase (50–60 vol%) and subhedral stubby 
pyroxene crystals (30–40 vol%). The gray to greenish gray doleritic rock shows equigranular to 
inequigranular grain size distribution with fine- to medium-grained crystals (1–4 mm). It is gener-
ally composed of 60–70 vol% plagioclase, 30–40 vol% clinopyroxene, and 1–3 vol% Fe-Ti oxides. 
Plagioclase mostly occurs as narrow, elongated prismatic crystals in subophitic relationship with 
subhedral clinopyroxene.

Figure F11. Representative sill thin section (TS) samples (cross-polarized light). A. Sharp contact between the slightly 
altered basaltic (phyric) and doleritic (inequigranular) rock domains (385-U1550B-23X-1, 73–76 cm; TS 44). B, C. Porphyritic 
texture showing (B) less altered versus (C) more altered in parts within the basaltic rock domain (385-U1550B-23X-1, 73–76 
cm; TS 44). D, E. Subophitic texture in coarser grained doleritic rock (385-U1550A-31X-1, 40–52 cm; TS 43). Plg = plagioclase, 
Cpx = clinopyroxene.
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5.3. Alteration and veins
Doleritic rock–hosted clinopyroxene is recognizable by pseudomorphs composed of chlorite, car-
bonates, and mesh textures of clay minerals and fine-grained magnetite. In contrast, plagioclase is 
fresh or slightly seritized, resulting in overall slight alteration (Figure F11D–F11E). Overall, the 
porphyritic basaltic rock is moderately to highly altered. Plagioclase crystals from both pheno-
crysts and groundmass are slightly to moderately altered to sericite, whereas clinopyroxene in 
groundmass is usually partially or completely altered to chlorite and fine-grained secondary mag-
netite (Figure F11B–F11C). In Hole U1550A, one black, ~4 mm thick vein is present in interval 
32X-1, 19–23 cm, and is filled with baked clay material. In Hole U1550B, many <1 mm wide, white 
veinlets are steeply dipping and run parallel to each other (Figure F10B–F10C). They are probably 
filled with carbonates. No halos were observed surrounding these veins.

5.4. Petrographic discussion
Guaymas Basin encompasses two spreading segments with axial troughs that overlap at their seg-
ment boundaries (Figure F1). Site U1550 was drilled just north of the overlapping portion of the 
northern trough, and Hole U1550B lies just ~51 m east-southeast of DSDP Site 481, where a com-
plete section was drilled through three igneous sills to ~380 mbsf (Shipboard Scientific Party, 
1982). The dominant igneous lithology recovered at Site U1550 is doleritic rock, but sparsely to 
moderately plagioclase phyric basaltic rock also appears at different intervals. There is both sharp 
and gradational change in grain size from basaltic to doleritic texture (Figure F10). The presence 
of doleritic rock (<2 cm) enclosed by basaltic rock seems to represent a xenolithic or commingling 
assemblage. The relatively small size of the doleritic parts entrapped and low percentage of recov-
ery of doleritic rock toward the bottom of Hole U1550B (there was no attempt to core through 
encountered sills at Site U1550) makes any speculation about the relationship of the basaltic rock–
hosted doleritic intervals unwarranted at this time. We therefore leave this for postexpedition 
research to investigate. The samples also contain multiple, slightly dipping calcite veinlets trend-
ing parallel to each other, which may be indicative of the flow direction of the hydrothermal fluid 
that led to the carbonate precipitation.

5.5. Geochemistry
Two inductively coupled plasma–atomic emission spectroscopy (ICP-AES) analyses (see Inor-
ganic geochemistry in the Expedition 385 methods chapter [Teske et al., 2021a]) were obtained 
from the Site U1550 sill. These are slightly altered samples representing doleritic rock from one 
interval each in Hole U1550A (31X-1, 40–52 cm; top depth = 205.1 mbsf ) and Hole U1550B (22X-
1, 20–45 cm; 170.6 mbsf ) (Table T5). Their SiO2 and Na2O + K2O compositions narrowly range 
from 48.7 to 48.9 wt% and from 3.59 to 3.75 wt%, respectively, showing a subalkaline basalt chem-
istry (Figure F12; Table T5). These are low-K tholeiitic rocks (K2O = 0.25–0.35 wt%; Table T5) 
whose Ti-V pattern points to a MORB composition (Figure F13). The tholeiitic character of these 
rocks is corroborated by a relatively high FeO*/MgO value of 1.44–1.46 (Table T5). They have a 
Mg# of 0.55 in common, implying a solidification from a slightly evolved melt that had likely 
already undergone some fractionation (Figure F14; Table T5). The abundances of lithophile ele-
ments (e.g., Na, K, and Sr) (Figures F12, F14A) and high field strength elements (HFSE) (e.g., Ti 
and Zr) (Figures F13, F14B) are within the range of the other Guaymas Basin sites drilled during 
Expedition 385. The abundance of Sr is somewhat lower at the on-axis Site U1550 (Figure F14A), 
although its content of highly incompatible trace element Zr is somewhat higher at a given Mg# 
(Figure F14B) compared to the similarly evolved magmas of the off-axis, northwestern rift flank 
~50 km distant (Site U1546). Strongly resembling the behavior of Zr, the highly incompatible trace 
element Y is also more enriched in the northern rift segment compared to the far off-axis location 
(Figure F15). Overall, Site U1550 shows the highest contents of the highly incompatible HFSE 
among all Expedition 385 igneous rock samples except for one more differentiated sample from 
off-axis Site U1547 (Figures F13, F14B). In contrast, hypabyssal rocks from Site U1550 have the 
lowest Sr abundance compared to the other Expedition 385 sites (Figure F14A).

In comparison with nearby northern rift Site 481, which was drilled just ~112 m and ~51 m north-
east from Hole U1550A and Hole U1550B, respectively (Figure F2), Site U1550 rocks have a simi-
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Table T5. Major and trace element abundances of rock powders determined by inductively coupled plasma–atomic emission spectroscopy, Sites U1546, U1547, and 
U1550. μg/g = ppm; LOI = loss on ignition; Mg# = 100 × molar MgO/(MgO + FeO), where all iron is treated as FeO. (Continued on next page.) Download table in CSV 
format.

Exp Site Hole Core Type Sect A/W

Top 
offset on 
section 

(cm)

Bottom 
offset on 
section 

(cm)

Top depth 
CSF-A 
(mbsf)

Hydrous composition

Total
SiO2 

(wt%)
TiO2 

(wt%)
Al2O3 
(wt%)

Fe2O3t 
(wt%)

MnO 
(wt%)

MgO 
(wt%)

CaO 
(wt%)

Na2O
(wt%)

K2O 
(wt%)

P2O5 
(wt%)

LOI 
(wt%)

385 U1546 C 9 R 6 W 97 99 374.25 48.2 1.91 14.6 11.6 0.18 6.20 10.7 3.58 0.16 0.20 0.83 98.2
385 U1546 C 19 R 1 W 24 27.5 425.14 47.8 1.41 18.1 8.20 0.14 6.52 11.2 3.04 0.31 0.12 1.78 98.6
385 U1547 B 33 X 1 W 0 15 158.80 49.3 1.74 16.5 9.37 0.18 5.64 12.0 3.23 0.27 0.23 2.19 100.6
385 U1547 B 40 X 1 W 74 76 184.44 50.2 1.64 17.2 8.62 0.13 6.74 11.1 3.47 0.38 0.21 1.53 101.2
385 U1547 B 43 X 1 W 90 94 199.50 48.9 1.72 16.8 8.35 0.12 6.12 13.0 3.36 0.22 0.21 3.07 101.9
385 U1547 B 48 X 1 W 26 31 207.36 49.7 2.63 14.7 11.7 0.13 5.42 8.51 4.18 0.58 0.37 0.65 98.5
385 U1547 C 7 R 2 W 87.5 90.5 132.38 48.4 1.60 15.9 8.97 0.15 6.50 12.0 3.03 0.13 0.22 2.31 99.2
385 U1547 D 5 R 1 W 44 46 110.94 49.1 1.60 16.2 8.95 0.13 6.89 11.4 3.23 0.37 0.21 1.73 99.8
385 U1547 D 8 R 1 W 84.5 112.5 125.85 49.2 1.76 16.4 9.77 0.13 6.55 11.4 3.38 0.36 0.24 1.56 100.6
385 U1547 D 10 R 3 W 113 115 138.51 48.9 1.60 16.4 9.17 0.13 7.67 10.2 3.25 0.31 0.19 1.47 99.3
385 U1547 D 12 R 1 W 122 124 145.72 50.3 1.59 16.7 9.45 0.12 7.37 10.9 3.27 0.20 0.21 1.73 101.9
385 U1547 D 15 R 1 W 75 78 159.95 48.2 1.68 17.1 7.62 0.12 5.32 13.3 3.54 0.37 0.24 3.40 100.9
385 U1547 D 16 R 1 W 11.5 13.5 164.02 48.8 1.71 16.5 9.01 0.11 5.95 11.1 3.44 0.36 0.23 2.54 99.8
385 U1547 D 17 R 2 W 70.5 72.5 170.85 50.0 1.61 16.3 9.21 0.13 6.49 10.8 3.52 0.35 0.23 1.71 100.3
385 U1547 D 20 R 2 W 79 81 185.48 50.1 1.65 16.6 8.43 0.10 6.24 10.7 3.51 0.23 0.22 1.74 99.5
385 U1547 D 20 R 2 W 112 114 185.81 48.8 1.74 16.0 9.03 0.11 6.82 11.4 3.45 0.39 0.22 0.96 98.9
385 U1547 D 21 R 2 W 103 105 190.10 51.2 1.48 17.8 8.53 0.10 6.77 10.6 3.51 0.35 0.20 1.42 101.9
385 U1547 E 7 R 1 W 104 106 111.54 48.7 1.36 15.5 8.95 0.13 9.09 11.0 2.94 0.29 0.18 3.46 101.7
385 U1547 E 20 R 1 W 28.5 35 174.89 48.2 1.39 15.3 9.51 0.14 11.3 8.53 2.87 0.33 0.21 3.60 101.3
385 U1550 A 31 X 1 W 40 52 205.10 48.4 2.31 15.6 11.2 0.20 6.95 10.6 3.38 0.35 0.30 0.77 100.1
385 U1550 B 22 X 1 W 20 45 170.60 47.9 2.19 15.5 11.1 0.18 6.91 10.5 3.28 0.25 0.25 0.82 98.9

Exp Site Hole Core Type Sect

Anhydrous composition Na2O+
K2O

(wt%)
FeO*/
MgO Mg#

Ti 
(μg/g)

Ti 
(ppm/
1000)

Sc 
(μg/g)

SiO2 
(wt%)

TiO2 
(wt%)

Al2O3 
(wt%)

Fe2O3t 
(wt%)

FeO* 
(wt%)

MnO 
(wt%)

MgO 
(wt%)

CaO 
(wt%)

Na2O 
(wt%)

K2O 
(wt%)

P2O5 
(wt%)

385 U1546 C 9 R 6 49.5 1.96 15.0 11.9 10.7 0.19 6.37 11.0 3.68 0.17 0.21 3.85 1.68 0.51 11759 11.8 45.7
385 U1546 C 19 R 1 49.3 1.46 18.7 8.47 7.62 0.14 6.73 11.6 3.13 0.31 0.12 3.45 1.13 0.61 8724 8.7 38.5
385 U1547 B 33 X 1 50.0 1.77 16.8 9.52 8.57 0.18 5.73 12.2 3.28 0.28 0.23 3.56 1.49 0.54 10595 10.6 36.1
385 U1547 B 40 X 1 50.3 1.65 17.3 8.65 7.78 0.13 6.76 11.1 3.48 0.38 0.21 3.87 1.15 0.61 9865 9.9 36.3
385 U1547 B 43 X 1 49.5 1.74 17.0 8.45 7.60 0.13 6.20 13.2 3.40 0.22 0.21 3.61 1.23 0.59 10430 10.4 40.8
385 U1547 B 48 X 1 50.7 2.69 15.0 12.0 10.8 0.13 5.53 8.69 4.27 0.59 0.38 4.86 1.95 0.48 16103 16.1 35.1
385 U1547 C 7 R 2 50.0 1.65 16.4 9.26 8.33 0.16 6.71 12.3 3.13 0.14 0.23 3.27 1.24 0.59 9897 9.9 35.8
385 U1547 D 5 R 1 50.1 1.63 16.5 9.12 8.20 0.13 7.02 11.7 3.29 0.38 0.21 3.67 1.17 0.60 9774 9.8 36.6
385 U1547 D 8 R 1 49.6 1.78 16.5 9.86 8.87 0.13 6.61 11.5 3.42 0.36 0.24 3.78 1.34 0.57 10650 10.6 36.0
385 U1547 D 10 R 3 50.0 1.64 16.8 9.38 8.44 0.13 7.84 10.5 3.33 0.32 0.19 3.65 1.08 0.62 9805 9.8 36.6
385 U1547 D 12 R 1 50.2 1.59 16.7 9.44 8.49 0.12 7.36 10.9 3.27 0.20 0.21 3.47 1.15 0.61 9513 9.5 36.8
385 U1547 D 15 R 1 49.4 1.72 17.6 7.81 7.03 0.13 5.46 13.6 3.63 0.38 0.25 4.00 1.29 0.58 10331 10.3 36.3
385 U1547 D 16 R 1 50.2 1.76 17.0 9.27 8.34 0.12 6.12 11.4 3.53 0.37 0.24 3.91 1.36 0.57 10541 10.5 34.1
385 U1547 D 17 R 2 50.7 1.63 16.5 9.34 8.41 0.13 6.58 11.0 3.57 0.35 0.23 3.92 1.28 0.58 9784 9.8 34.1
385 U1547 D 20 R 2 51.2 1.69 17.0 8.62 7.75 0.10 6.38 11.0 3.59 0.24 0.22 3.83 1.22 0.59 10111 10.1 37.0
385 U1547 D 20 R 2 49.9 1.78 16.3 9.22 8.30 0.11 6.96 11.6 3.53 0.40 0.22 3.92 1.19 0.60 10645 10.6 42.4
385 U1547 D 21 R 2 50.9 1.47 17.7 8.49 7.64 0.10 6.74 10.6 3.49 0.35 0.20 3.84 1.13 0.61 8827 8.8 36.2
385 U1547 E 7 R 1 49.6 1.38 15.8 9.11 8.20 0.14 9.26 11.2 2.99 0.29 0.18 3.29 0.89 0.67 8300 8.3 34.5
385 U1547 E 20 R 1 49.3 1.42 15.7 9.73 8.76 0.15 11.5 8.74 2.94 0.34 0.21 3.28 0.76 0.70 8529 8.5 31.5
385 U1550 A 31 X 1 48.7 2.33 15.7 11.3 10.2 0.20 7.00 10.7 3.40 0.35 0.30 3.75 1.46 0.55 13941 13.9 41.3
385 U1550 B 22 X 1 48.9 2.23 15.8 11.3 10.1 0.18 7.04 10.7 3.34 0.25 0.25 3.59 1.44 0.55 13383 13.4 41.8

lar content of alkaline metals. However, Site 481 shows a greater silica concentration (~52 wt%) at 
a given Na2O + K2O content (Figure F12). Except for one sample from Site 481, the slightly more 
mafic rocks from Site U1550 appear to be more evolved based on their lower Mg# (Figure F14). 
Their increased degree of differentiation is expressed by higher abundances of the highly incom-
patible HFSE Ti and Zr (Figures F13, F14B). Incompatible element ratios (e.g., Zr/Y) and Y con-
centrations show similar values at both sites (Figure F15), which may suggest compositionally 
similar magma sources. Generally, the sills drilled in the northern rift segment possess the highest 
contents of highly incompatible elements (e.g., Zr and Y) at a given Mg# among all on- and off-axis 
areas studied in Guaymas Basin. As for the other Guaymas Basin sites, the Site U1550 ratios of 
highly incompatible trace elements (e.g., Zr/Y) (Figure F15) are higher and the calc-alkaline char-
acter is more pronounced (i.e., higher Na2O + K2O) (Figure F12) than at the East Pacific Rise 
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Exp Site Hole Core Type Sect
V 

(μg/g)
Cr 

(μg/g)
Co 

(μg/g)
Ni 

(μg/g)
Zn 

(μg/g)
Cu 

(μg/g)
Sr 

(μg/g)
Y 

(μg/g)
Zr 

(μg/g) 
Ba 

(μg/g) Ti/V Zr/Ti Zr/Y Sr/Y

385 U1546 C 9 R 6 292 20.1 44.2 10.9 71.5 38.4 249 37.3 147 29.9 40.3 0.012 3.94 6.67
385 U1546 C 19 R 1 218 197 37.1 31.2 49.9 43.7 278 25.0 105 64.5 40.0 0.012 4.20 11.1
385 U1547 B 33 X 1 256 254 68.5 110 67.3 55.0 310 34.4 143 245 41.4 0.014 4.16 9.01
385 U1547 B 40 X 1 243 263 41.2 94.4 70.7 42.3 288 31.2 129 212 40.5 0.013 4.14 9.22
385 U1547 B 43 X 1 267 267 38.6 70.5 69.0 45.3 305 32.0 129 187 39.0 0.012 4.03 9.55
385 U1547 B 48 X 1 355 68.5 108 28.0 91.9 41.7 276 50.7 223 167 45.4 0.014 4.41 5.45
385 U1547 C 7 R 2 244 296 39.4 113 73.8 46.9 310 31.2 135 266 40.6 0.014 4.32 9.94
385 U1547 D 5 R 1 243 260 45.9 89.2 62.5 48.5 275 31.6 132 159 40.2 0.014 4.19 8.70
385 U1547 D 8 R 1 260 240 42.8 136 67.3 102 276 34.1 148 118 41.0 0.014 4.35 8.09
385 U1547 D 10 R 3 240 274 46.7 84.9 65.9 51.3 262 30.3 127 107 40.8 0.013 4.18 8.65
385 U1547 D 12 R 1 246 269 38.9 92.7 62.6 43.6 274 31.5 132 95.7 38.6 0.014 4.19 8.69
385 U1547 D 15 R 1 247 248 47.2 105 69.6 52.4 311 32.2 139 145 41.8 0.013 4.31 9.64
385 U1547 D 16 R 1 243 242 40.8 90.3 66.4 43.0 300 33.3 147 396 43.4 0.014 4.42 9.01
385 U1547 D 17 R 2 241 231 36.4 74.0 71.7 48.2 273 31.8 140 102 40.6 0.014 4.42 8.60
385 U1547 D 20 R 2 250 231 46.6 78.7 67.7 49.5 280 32.4 138 106 40.5 0.014 4.27 8.65
385 U1547 D 20 R 2 265 302 33.2 72.3 68.4 52.8 278 33.2 136 112 40.2 0.013 4.10 8.36
385 U1547 D 21 R 2 232 255 36.8 86.3 59.5 45.0 280 29.1 125 101 38.1 0.014 4.28 9.60
385 U1547 E 7 R 1 218 373 45.9 178 61.3 52.7 258 27.2 110 259 38.1 0.013 4.03 9.47
385 U1547 E 20 R 1 207 424 48.1 234 64.4 44.0 220 28.2 122 109 41.3 0.014 4.33 7.79
385 U1550 A 31 X 1 319 243 42.8 65.9 99.2 52.0 193 46.6 186 47.9 43.7 0.013 3.99 4.15
385 U1550 B 22 X 1 327 323 37.6 116 79.1 16.5 188 42.8 179 49.3 40.9 0.013 4.19 4.39

Table T5 (continued).

spreading segment of the Gulf of California mouth. This indicates a significant heterogeneity in 
magma source compositions from the southernmost to the central (Guaymas Basin) part of the 
gulf because the same difference is indicated by the incompatible trace element Sr at comparable 
fractionation degrees (Figure F14A). This suggests the ubiquitous presence of enriched MORB 
compositions in Guaymas Basin for both on- and off-axis magmas.

Figure F12. Total alkali (Na2O + K2O) versus silica (SiO2) of mafic igneous rocks at drill sites from the Gulf of California. Subdivision of fields after Le Bas et al. (1986). 
Guaymas Basin (GB) drill sites: DSDP Leg 64 (477, 478, 481) and Expedition 385 (U1546 [Hole C], U1547 [Holes B/C/D/E], and U1550 [Holes A/B]). On-axis: Sites 477 
(southern rift) and 481/U1550 (northern rift). Off-axis: Sites 478 (southern rift flank), U1546 (northern rift flank in NW GB), and U1547 (northern rift flank at Ringvent). 
Gulf of California mouth drill sites lie at East Pacific Rise (EPR) off-axis locations on the Pacific plate (474, 483) and Rivera plate (482, 485). DSDP Leg 64 and 65 (Sites 482, 
483, 485) data were compiled from the PetDB Database (http://www.earthchem.org/petdb) on 26 October 2020 using the following search criteria: longitude = 
−106 to −114, latitude = 20 to 28, and materials = igneous.
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Figure F13. Titanium (Ti) versus vanadium (V) content (after Shervais, 1982) of mafic igneous rocks at drill sites from the Gulf of California. ppm = μg/g. Guaymas Basin 
drill sites from Expedition 385: U1546 (Hole C), U1547 (Holes B/C/D/E), and U1550 (Holes A/B). On-axis: Site U1550 (northern rift). Off-axis: Sites U1546 (northern rift 
flank in NW GB) and U1547 (northern rift flank at Ringvent). Gulf of California mouth drill sites at East Pacific Rise (EPR) off-axis locations are located on the Pacific plate 
(Site 483) and Rivera plate (Site 485). DSDP Leg 65 (Sites 483, 485) data were compiled from the PetDB Database (http://www.earthchem.org/petdb) on 26 October 
2020 using the following search criteria: longitude = −106 to −114, latitude = 20 to 28, and materials = igneous. IAB = island arc basalts, MORB = mid-ocean-ridge 
basalts, OIB = ocean island basalts.

Figure F14. Mg# versus (A) strontium (Sr) and (B) zirconium (Zr) content of mafic igneous rocks at drill sites from the Gulf of California. ppm = μg/g. Mg# = 100 × molar 
MgO/(MgO + FeO), where all iron is treated as FeO. Guaymas Basin (GB) drill sites: DSDP Leg 64 (477, 478, 481) and Expedition 385 (U1546 [Hole C], U1547 [Holes 
B/C/D/E], and U1550 [Holes A/B]). On-axis: Sites 477 (southern rift) and 481/U1550 (northern rift). Off-axis: Sites 478 (southern rift flank), U1546 (northern rift flank in 
NW GB), and U1547 (northern rift flank at Ringvent). Gulf of California mouth drill sites lie at East Pacific Rise (EPR) off-axis locations on the Pacific plate (474, 483) and 
Rivera plate (482, 485). DSDP Leg 64 and 65 (Sites 482, 483, 485) data were compiled from the PetDB Database (http://www.earthchem.org/petdb) on 26 October 
2020 using the following search criteria: longitude = −106 to −114, latitude = 20 to 28, and materials = igneous.
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6. Structural geology
At Site U1550, Holes U1550A and U1550B penetrated Lithostratigraphic Unit I and recovered a 
sedimentary sequence of diatom ooze, diatom clay, sand, and silt followed by hypabyssal basaltic 
and doleritic rocks that comprise a sill intrusion. The sequence corresponds to Lithostratigraphic 
Subunits IA–IC. When a sill was encountered in each hole, drilling was stopped after taking two 
XCB cores (385-U1550A-31X and 32X and 385-U1550B-22X and 23X), with low recovery in all 
cases.

For all cores, structures were measured and/or described, where present, from the archive-half or 
whole-round sections of the cores as well as their photos in visible light. X-ray images were also 
used for Hole U1550A. X-ray imaging was obtained for only one Hole U1550B core (7H), in which 
a zone of mafic scoria clasts was identified during core description. This X-ray imaging was per-
formed on both the working- and archive-half sections of Core 7H to provide location information 
for possible future sampling.

6.1. Sedimentary units
Structural information was obtained from sedimentary units in both holes at Site U1550. Hole 
U1550A was lithologically more complete and reached a greater depth in the sedimentary section. 
In Hole U1550B, some whole-round sections were removed for microbiological sampling immedi-
ately upon retrieval from the core liners and were therefore not available for structural study. Hole 
U1550A penetrated ~203 m of the sedimentary section, and Hole U1550B penetrated ~170 m. 
This variance is due to differences in the depths at which an underlying sill was encountered and a 
significantly shallower top sediment/sill contact in Hole U1550B.

Figure F15. Yttrium (Y) versus Zr/Y value of mafic igneous rocks at drill sites from the Gulf of California. μg/g = ppm. Guay-
mas Basin (GB) drill sites: DSDP Leg 64 (477, 478, 481) and Expedition 385 (U1546 [Hole C], U1547 [Holes B/C/D/E], and 
U1550 [Holes A/B]). On-axis: Sites 477 (southern rift) and 481/U1550 (northern rift). Off-axis: Sites 478 (southern rift flank), 
U1546 (northern rift flank in NW GB), and U1547 (northern rift flank at Ringvent). Gulf of California mouth drill sites lie at 
East Pacific Rise (EPR) off-axis locations on the Pacific plate (474, 483) and Rivera plate (482, 485). DSDP Leg 64 and 65 (Sites 
482, 483, 485) data were compiled from the PetDB Database (http://www.earthchem.org/petdb) on 26 October 2020 
using the following search criteria: longitude = −106 to −114, latitude = 20 to 28, and materials = igneous.
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Bedding and lamination in the sedimentary rocks are similar to those described for Site U1545. 
However, Site U1550 also has several massive “event beds” caused by rapid deposition of a large 
quantity of sediment as gravity-flow deposits; these event beds can be several meters thick and are 
correlatable between holes (Table T4). The lack of stratification within the event beds implied that 
any deformation structures in those sections of the cores could not be identified. The remaining 
stratified parts of the recovered sedimentary cores were carefully examined for faults, folds, and 
tilted bedding.

6.2. Folds
Significant changes in the apparent dip of the laminations are inferred to be caused by folding in 
much of the sedimentary sequence. Apparent dips exceeding 10° were noted in Cores 385-
U1550A-3H, 4H, 5H, 16F, and 17F (15–30 and 124–130 mbsf ) and 385-U1550B-3H, 4H, 7H, 8H, 
9H, and 17F (15–33 and 50–80 mbsf ). Fold axes were directly visible in Sections 385-U1550B-4H-
2 (~27 mbsf ), 385-U1550A-15F-1 (~120 mbsf ), and 24X-1 (~152 mbsf ).

6.3. Brittle fractures and faults
In both holes at Site U1550, identified faults were measured on the split core surfaces. In Hole 
U1550A, faults start to occur in Core 10H (~82 mbsf ) and continue through Section 24X-1 (~151 
mbsf ). Faults were more commonly identified in Cores 16F (~124 mbsf ) and below. These faults 
appear to belong to a single subparallel fault set in borehole coordinates rather than a conjugate 
set. For example, in Sections 17X-1 and 17X-2 (129.1–131 mbsf ), stratigraphic discontinuities 
consistently indicate fault traces with apparent dips down to the right (Figure F16A). The strike 
direction is not known because the core was not oriented, but the fault spacing suggests an array 
of four parallel faults dipping about 60° and spaced 0.5 m apart. In Hole U1550B, a similar fault 
pattern is observed although less material was preserved (Figure F16B). The detailed X-ray images 
obtained from Core 7H (~55 mbsf ) show some small-scale faults not visible on the core surface 
(Figure F17).

6.4. Igneous units
Short intervals of basaltic and doleritic rock were recovered in Holes U1550A and U1550B. They 
added about a meter of curated length for each hole. They were examined for planar features such 
as baked contact zones, fractures, and veins. The planar features were measured for dip relative to 
the borehole axis using the same methods as used for previously drilled Sites U1545–U1548.

Although only a few pieces of igneous rock were recovered, several from Core 385-U1550B-23X 
(~172 mbsf ) preserved baked contacts or chilled margins with glassy textures and had orienta-
tions of 30°–50° relative to the borehole axis. Significant parallel, closely spaced fractures and veins 
were also noted near the top of the recovered basaltic rock (Figure F18) parallel to the interpreted 
baked contact features. This vein pattern seems to be restricted to the top few centimeters of the 
layers with basaltic textures and could serve as an indicator of proximity to the contact zone with 
the overlying sediments and constrain the local orientation in three dimensions and the possible 
tilting of the contact zone.

6.5. Discussion
The observations of fault patterns and geometry of the recovered sill material, along with the 
lithostratigraphic differences between Holes U1550A and U1550B, suggest a preliminary model 
for tectonic and depositional history of the Site U1550 lithologic record. Significant faults were 
seen in both drill holes at about 130 mbsf in Cores 385-U1550A-17F and 385-U1550B-17F. This is 
also the depth below which the stratigraphy cannot be correlated between the two drill holes. The 
difference in depth to the mafic sill in the two holes suggests several possible explanations: a single 
horizontal sill was offset by faulting or showed an irregular geometry (such as a saucer shape), or 
two different sills are present and the shallower one in Hole U1550B did not reach the location of 
Hole U1550A.
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The lithostratigraphic differences in the basal sedimentary section in the two holes are most easily 
explained by faulting. If the sill was originally a single horizontal layer, faulting would have 
dropped the Hole U1550A location by 30 m relative to Hole U1550B and ended shortly after the 
time of the sediment deposition recovered in Cores 385-U1550A-17F and 385-U1550B-17F. This 
early major faulting may also have tilted the basal sedimentary section and the sediment/sill inter-
face relative to the horizontal. Minor faulting and slump folding may have continued after this 
time.

Figure F16. Faults. A. Four subparallel faults (385-U1550A-17F; 129.1–131.1 mbsf ). B. Three subparallel faults (Core 385-
U1550B-17F; 128.7–131.7 mbsf ). Color is digitally enhanced to highlight compositional differences of stratigraphic layers 
and contrast across faults.
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An argument for a single shallow sill that does not extend to Hole U1550A, thus favoring the pres-
ence of two distinct sill bodies, is indirectly supported by organic geochemistry observations. Hole 
U1550A is located 102 m away from DSDP Hole 481A, and Hole U1550B is located between these 
two holes, 51 m away from each. The sill encountered in Hole U1550B was found at ~170 mbsf, the 
same depth as the shallowest sill encountered in Hole 481A, suggesting that it is the same sill with 
a small dip. A dramatic excursion in the ethane to methane ratio (C2/C1) is observed above the sill 
in Hole 481A (figure 57 in Kelts et al., 1982); this ratio reaches a peak at ~150 mbsf and then 
decreases rapidly toward the sill. This same excursion, which appears to be diagnostic of a proxi-
mal sill, is seen in both Holes U1550A and U1550B (see Organic geochemistry) even though a sill 
is not encountered in Hole U1550A. It is possible that Hole U1550A passed just by the edge of this 
sill, close enough to record the halo of its imprint on the organic geochemical signature. In this 
case, the sill encountered at ~204 mbsf in Hole U1550A would be interpreted to be a different sill 
that is perhaps related in some way to the deeper sills encountered in Hole 481A.

Figure F17. Small-scale fault zone with apparent normal displacement (385-U1550A-7H-2; 54.9 mbsf ). Laminations reveal 
an offset of about 0.8 cm. Left: uninterpreted X-ray image. Right: same X-ray image with fault zone marked in red. 
Scale = cm.

Figure F18. Closely spaced parallel veinlets at the top of the basaltic sill interval just below the chilled margin adjacent to 
the overlying sedimentary rock (385-U1550B-23X-1, 41–52 cm; 172.6 mbsf ). Scale = cm.
85.107.2021 publications.iodp.org · 27



A. Teske et al. · Site U1550 IODP Proceedings Volume 385

https://doi.org/10.14379/iodp.proc.3
7. Biostratigraphy
Toothpick samples from Hole U1550A were taken and analyzed for calcareous nannofossils and 
marine diatoms to determine biostratigraphic events. Samples were taken from the bottom inter-
vals or from working- and archive-half cores from 5 to 200.55 mbsf in Hole U1550A.

No biostratigraphic datum was defined in the mostly continuous succession from the (Holocene? 
to) late to middle Pleistocene (Table T6). The occurrence of E. huxleyi at the bottom of the hole 
dates the entire sediment sequence of Hole U1550A to Holocene(?)–late/middle Pleistocene, or 0–
0.29 Ma (0–200.55 mbsf ). This age assignment is consistent with the absence of P. lacunosa (LAD 
= 0.44 Ma) and F. reinholdii (LAD = 0.62 Ma) in all samples examined. The estimated average 
sedimentation rate is greater than 692 m/My (>69.2 cm/ky) (Figure F19).

7.1. Calcareous nannofossils
Calcareous nannofossil abundance varies from abundant to barren throughout the entire sampled 
sequence at Site U1550 (Table T7). Nannofossils are abundant and common from the top of the 
sequence to Sample 385-U1550A-15F-3, 50 cm (123.08 mbsf ), dramatically decrease to rare/bar-
ren occurrences (131.06–135.6 mbsf ), and then return to abundant and common occurrences in 
the underlying interval (142.02–187.66 mbsf ). The barren interval seen at Sites U1545–U1548 is 
also present at Site U1550 (see Biostratigraphy in the Site U1545, Site U1546, and Site U1547 
and U1548 chapters [Teske et al., 2021c, 2021d, 2021e]).

Table T6. Calcareous nannofossil and marine diatom datums, Site U1550. T = top/last appearance datum, B = bottom/first 
appearance datum. Download table in CSV format.

Epoch

Biozone 
(Martini, 

1971)

Biostratigraphic datum Bottom Age model

Calcareous nannofossil Marine diatom
Core, section, 
interval (cm)

Depth 
(mbsf )

Depth 
(mbsf )

Age 
(Ma)

385-U1550A-
Holocene-Pleistocene NN21 B Emiliania huxleyi below 29X-1, 55 >200.55 >200.55 <0.29

NTD17 T Fragilariopsis reinholdii below 29X-1, 55 >200.55 >200.55 <0.62

Figure F19. Age-depth plot, Site U1550. See Table T6 for event details. T = top, B = bottom.
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Table T7. Distribution of calcareous nannofossil species, Site U1550. Download table in CSV format.
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Preservation of calcareous nannofossils is good/moderate throughout the entire sedimentary 
sequence and generally associated with good/moderate preservation in samples that show abun-
dant or common nannofossils (Table T7).

Reworking of Cretaceous and Miocene taxa is present throughout Hole U1550A. The origin of 
reworked nannofossils is uncertain, although possible sources may include eroded Cretaceous 
outcrops in the Colorado River catchment, Cretaceous chalk deposits underlying the Sierra Madre 
Occidental, and marine Miocene strata on Isla Tiburón (McDougall and Martínez, 2014; Helenes 
et al., 2009). The source and environmental implications of reworking will be determined in detail 
during postexpedition research.

The sediment sequence from Hole U1550A is assigned to Nannofossil Zone NN21 based on the 
presence of E. huxleyi in all samples from this hole. However, the first appearance of E. huxleyi
(0.29 Ma), was estimated to occur in deeper sediments than those drilled in Hole U1550A (Table 
T7). This indicates an age younger than 0.29 Ma for the sedimentary bottom of Hole U1550A (i.e., 
above the intersected sill).

7.2. Diatoms
In the upper part of Hole U1550A, marine diatoms are dominant and abundant and occur in good 
and moderate preservation from intervals 1H-4, 50 cm (5 mbsf ), to 8H-7, 70 cm (72.5 mbsf ). In 
the middle interval, diatoms alternating in abundant, common, and few occurrences were 
observed in moderate and poor preservation from interval 9H-6, 120 cm (81 mbsf ), to 15F-3, 50 
cm (123 mbsf ) (Table T8). In the lower part of the hole, poorly preserved diatoms in few, rare, and 
barren occurrences were observed from interval 17F-2, 50 cm (123 mbsf ), to 29X-1, 55 cm (200 
mbsf ). Apparent diagenetic alteration of diatoms was found in the samples with rare diatoms at 
the bottom of Hole U1550A (Table T8) (see photomicrograph Plate 9 in DIATOMS in Supple-
mentary material for decreasing diatom preservation with increasing degree of diagenesis based 
on documentation from Holes U1545A and U1546A). In Hole U1550A, no age-diagnostic diatom 
species were found, suggesting an age younger than 0.62 Ma, as indicated by the top/LAD of F. 
reinholdii (Table T8).

Samples with few, rare, and barren diatoms were observed at different depths at Site U1550. The 
diatom assemblages are obviously different from those at the previously drilled Sites U1545–
U1548, which had diatom-barren conditions only at the bottom of the holes. This pattern of 
changing diatom abundance and preservation in Hole U1550A might be related to the strong dis-
turbance of sedimentation sequences by turbidity or underwater slumps (see Lithostratigraphy). 
Photomicrograph Plate 6 in DIATOMS in Supplementary material displays an overview of some 
diatom taxa identified in Hole U1550A.

8. Paleomagnetism
Paleomagnetic shipboard measurements included the analysis of the NRM and its demagnetiza-
tion on archive-half sections and discrete samples from Hole U1550A to establish a magnetostrati-
graphy of the site. Representative discrete samples were collected from all APC (two samples per 
core), HLAPC (one sample per core), and XCB (one sample per core) cores. No paleomagnetic 
measurements were conducted for Hole U1550B except for NRM measurements on igneous sec-
tions.

8.1. Archive-half section analysis
Archive-half sections from Hole U1550A were demagnetized at 5 cm intervals up to 20 mT. All 
sections in Hole U1550A were measured, including heavily disturbed XCB cores, for magnetic 
intensity. Paleomagnetic measurements, other than NRM, were not conducted on Hole U1550B 
cores for the same reasons as at previous sites: (1) a discontinuous record of the archive-half sec-

Table T8. Distribution of marine diatoms species, Site U1550. Download table in CSV format.
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tions due to sampling for microbiology and geochemistry and (2) the absence in the paleo-
magnetic record of excursions and reversals (see Magnetostratigraphy).

In-line AF demagnetization of archive-half sections indicates a drilling overprint (steep inclina-
tion) that was removed by an AF demagnetization treatment of 5–10 mT (Figure F20A). Steeper 
inclination values were found in XCB cores (Figure F20A). After demagnetization at 20 mT, incli-
nation values for APC and HLAPC cores (385-U1550A-1H through 21F) vary around an average 
value of 46°, which is comparable to the expected GAD inclination value at the latitude of the site 
(~45.9°) (Figure F20B). Negative inclinations at ~54–56 mbsf (interval 7H-1, 90 cm, to 7H-2, 90 
cm) correspond to a slump mixed with mafic lapilli (see Lithostratigraphy and the visual core 
description sheets [VCDs] in Core descriptions). XCB sediment cores (22X–29X) are too heavily 
disturbed (e.g., brecciated, fractured biscuits) to yield any reliable paleomagnetic signal.

Magnetic intensity in Hole U1550A sediments is generally <0.05 A/m (Figure F20D), which is sim-
ilar to the other sites drilled during Expedition 385 (see Paleomagnetism in the Site U1547 and 
U1548 and Site U1549 chapters [Teske et al., 2021e, 2021f ]). Several peaks of magnetic intensity 
are present downhole at ~5 mbsf (Section 385-U1550A-1H-4), ~50.7–61.7 mbsf (Sections 6H-5 
through 7H-6), and ~86.5–93.5 mbsf (Sections 10H-4 through 11H-2) with a maximum value of 
about 0.7 A/m. These intervals correspond to coarser silty/sandy layers (see Lithostratigraphy
and the VCDs in Core descriptions), which contain more detrital material. The peaks in magnetic 
intensity are mirrored in point magnetic susceptibility (Figure F20E). Similar to Site U1549, no 
drastic decrease of magnetic intensity related to the occurrence of a SMTZ is observed in shallow 
cores.

Sections 385-U1550A-30X-CC, 31X-1, and 32X-1 and 385-U1550B-21X-1, 22X-1, and 23X-1 con-
tain igneous rocks. Only NRM was measured on these sections (with the exception of Section 
21X-1, which consists of small fragments). Magnetic intensity of igneous rocks is as high as ~2.5 
A/m, about three orders of magnitude higher than for fine-grained sediments (Figure F20D). AF 
demagnetization treatment was not effective for previously drilled Site U1546 (see Paleomagne-
tism in the Site U1546 chapter [Teske et al., 2021d]). Therefore, no AF demagnetization was con-
ducted on igneous rock sections from Site U1550.

Figure F20. Inclination, declination, magnetic intensity, and magnetic susceptibility, Hole U1550A. Inclination data (A) before and (B) after AF demagnetization at 20 
mT. Red squares = characteristic remanent magnetization inclination of discrete samples after principal component analysis. Expected geocentric axial dipole inclina-
tion (~45.9°) is indicated by green (reversed polarity) and blue (normal polarity) lines. C. Declination before demagnetization (in gray). Black = corrected using core 
orientation obtained from the Icefield MI-5 core orientation tool. D. Magnetic intensity (natural remanent magnetization) on a logarithmic scale. E. Section Half Multi-
sensor Logger point magnetic susceptibility.
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8.2. Discrete sample analysis
For a more detailed study of the remanence in Hole U1550A, discrete samples were taken from the 
working-half sections of Cores 1H–24X at intervals of two discrete samples per APC core and one 
per HLAPC and XCB core.

Measurements of remanence were made using an AGICO JR-6A spinner magnetometer on a total 
of thirty-two 8 cm3 cube samples (see Figure F21 in the Expedition 385 methods chapter [Teske et 
al., 2021a]). All of these samples were demagnetized using a stepwise-increasing AF to isolate the 
ChRM direction using principal component analysis (Kirschvink, 1980). No samples were ther-
mally demagnetized because all discrete samples were taken using plastic sampling boxes.

NRM intensities vary between 2.92 × 10−3 A/m and 9.77 × 10−2 A/m with a mean intensity of 1.50 
× 10−2 A/m (Table T9). AF demagnetization was performed up to 60 mT, by which point the sam-
ples had lost more than 90% of their total magnetization (Figure F21B). Representative demagne-
tization diagrams (Zijderveld, 1967) are shown in Figure F21A. All reported declination and 
inclination data are shown in the sample coordinate reference frame. However, because cores are 
free to rotate in the core barrel, only the inclination data are taken into account for interpretation. 
Two magnetic components can be identified on the demagnetization diagrams for each discrete 
sample (Figure F21A). The first component is removed by an AF demagnetization treatment of 5–
10 mT and corresponds to drilling overprint. The second component is stable and points toward 
the origin. This component is of normal polarity for all analyzed discrete samples. The median 
destructive field ranges from 3.9 to 29.2 mT with a mean of 16.7 mT, comparable to results 
obtained from previous holes. This suggests a magnetic mineral assemblage dominated by low-
coercivity (titano)magnetite.

The distributions of the inclinations of the NRM and the ChRM of all discrete samples are shown 
in Figure F21C. The NRM inclinations range from 35.0° to 77.2° with a mean inclination of 56.2° 
(Figure F21C). The scatter of inclination values is likely due to the presence of slump deposits in 
the upper part of Hole U1550A. Demagnetization at 20 mT results in the inclination showing a 
shallower average of 42.6° and ranging between 22.1° and 59.7°. Upon performing principal com-
ponent analysis, a mean inclination for the ChRM was calculated using the maximum likelihood 
method of Arason and Levi (2010) (Table T10). The calculated mean inclination for the ChRM 
results is 47.85°, which is slightly higher than the GAD inclination expected at this location 
(~45.9°).

8.3. Anisotropy of magnetic susceptibility
Anisotropy of magnetic susceptibility was measured for all discrete samples from Site U1550 prior 
to demagnetization to characterize the magnetic fabrics present in the samples. Results for the 
sediments of Hole U1550A are shown in Figure F22 in the core reference frame. Because these 
results are unoriented, it is not possible to determine whether there is a preferred magnetic linea-
tion in these rocks; therefore, only the inclination of the anisotropy is taken into account. Sedi-
mentary samples obtained from Hole U1550A predominantly show prolate behavior downhole; 
Kmax (maximum) principal axes are distributed in the horizontal plane, and Kmin (minimum) prin-
cipal axes are oriented perpendicular to the sedimentary bedding.

8.4. Magnetostratigraphy
We used SRM measurements on archive-half sections to determine the polarity at Site U1550. We 
based our interpretation of the magnetic polarity on the sign of inclination at the maximum AF 
demagnetization step (20 mT) (Figure F20B). All APC and HLAPC cores (Sections 385-U1550A-
1H-1 through 21F-1) show a positive inclination of ~46°. This is supported by the detailed discrete 
sample analysis (Table T9). Therefore, we assigned the cores to the normal Brunhes Chron (C1n; 

Table T9. Discrete sample analysis, Hole U1550A. Declination and inclination values before and after alternating field 
demagnetization at 20 mT, natural remanent magnetization (NRM) intensity and determination of characteristic remanent 
magnetization (ChRM). Download table in CSV format.
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<0.78 Ma), which is in line with biostratigraphic observations (see Biostratigraphy). No magnetic 
excursions during Chron C1n were identified in spite of the fact that previously published paleo-
magnetic results from DSDP Site 480 pointed out the Mono Lake and Laschamp magnetic polarity 
excursions at ~29–26 ky before present (BP) and ~51–49 ky BP, respectively (Levi and Karlin, 
1989).

Figure F21. Alternating field (AF) demagnetization and principal component analysis results on discrete samples, Hole U1550A. A. Zijderveld demagnetization dia-
grams for selected discrete samples. B. Evolution of magnetization with applied AF for the same samples. C. Equal-area stereographic projection of discrete sample 
directions in specimen coordinates. NRM = natural remanent magnetization, ChRM = characteristic remanent magnetization.
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Table T10. Inclination-only natural remanent magnetization (NRM) and characteristic remanent magnetization (ChRM) 
analysis after Arason and Levi (2010), Site U1550. Download table in CSV format.

Measurement: ChRM  NRM

Number of samples (N): 32 32
Mean inclination (°): 47.85 57.9

Precision parameter (k): 34.85 29.34
α95: 4.37 4.77

Angular standard variation (θ): 13.72 14.96
https://doi.org/10.14379/iodp.proc.385.107.2021 publications.iodp.org · 32



A. Teske et al. · Site U1550 IODP Proceedings Volume 385

https://doi.org/10.14379/iodp.proc.3
9. Inorganic geochemistry

9.1. Interstitial water sampling
All samples were prepared and squeezed under laboratory atmosphere. The chemical composition 
of the IW and mudline water is listed in Table T11. All profiles are shown in Figure F23.

9.2. Interstitial water results
Site U1550 is located ~51 m (Hole U1550B) and ~112 m (Hole U1550A) from DSDP Site 481. The 
depth at which a sill was encountered differs between the holes: ~203.7 mbsf in Hole U1550A and 
~170.4 mbsf in Hole U1550B (Figure F23). The lowermost IW sample was recovered at 175 mbsf 
in Hole U1550A and 153 mbsf in Hole U1550B.

9.2.1. pH, salinity, chloride, and sodium
pH values range between 7.0 and 8.1 in Holes U1550A and U1550B, and the maximum values were 
recorded between the seafloor and 35 mbsf. Salinity exhibits a maximum of 39 around 20 mbsf 
(Figure F23). Below 125 mbsf, salinity decreases to values around 31.5.

Chloride (Cl−) concentration ranges from 542 to 568 mM between the top and the bottom of Holes 
U1550A and U1550B and has slightly different values at ~20 mbsf. These data are consistent with 
previous chloride profiles for Site 481, which show a continued concentration increase toward the 
sill and a mirror profile in the deeper sediments below the sill (Gieskes et al., 1982).

Figure F22. Anisotropy of magnetic susceptibility, Hole U1550A.
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Sodium (Na+) concentration exhibits two increases within the sedimentary column. The first 
increase, from 470 to 490 mM, occurs around 19 mbsf in both holes, followed by a decrease to 
seawater values within a few meters. The second concentration increase was only observed in 
Hole U1550B, from 80 mbsf to 15 m above the sill, where sodium reaches a concentration of 511 
mM.

9.2.2. Sulfate, sulfide, alkalinity, ammonium, phosphate, and bromide
Sulfate (SO4

2−) concentration decreases from seawater value (28 mM) to <1 mM in the upper 10 or 
13 m penetrated (Holes U1550A and U1550B, respectively) and then remains at low concentra-
tions of <0.5 mM throughout both holes. The SMTZ is estimated to occur around 10 mbsf (Figure 
F23) based on sulfate and methane profiles (see Organic geochemistry). A similar decline in sul-
fate concentrations within the upper sediment column was previously observed at Site 481 with a 
2 mM sulfate background in the deeper sediments (Gieskes et al., 1982) that could have resulted 
from sulfide reoxidation during oxygen-exposed sample storage.

Sulfide concentration (ΣH2S = S2 + HS− + H2S) peaks around 8 mM between 15 and 20 mbsf in 
Hole U1550B and then quickly decreases toward a few micromolar between 30 and 40 mbsf.

Table T11. Concentrations of various dissolved species in interstitial waters, Holes U1550A and U1550B. Download table 
in CSV format.

Figure F23. Interstitial water chemistry, Site U1550. The recovered portion of a sill in Hole U1550B is illustrated by a gray shaded area directly on the graph and a black 
bar in the lithostratigraphic unit column of the corresponding borehole. SMTZ = sulfate–methane transition zone. (Continued on next page.)
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Alkalinity rapidly increases in the uppermost 20 m to 90 mM in Hole U1550A and 69 mM in Hole 
U1550B. Below this depth, alkalinity values decrease to 45–50 mM before decreasing again in the 
vicinity of the sill to 8 mM in Hole U1550A and 35 mM in Hole U1550B.

Ammonium (NH4
+) concentration exhibits an initial maximum of ~8 mM around 20 mbsf and an 

increase to 14 mM from 60 to 130 mbsf. Two values from Hole U1550A are higher than those in 
Hole U1550B: around 13.6 mM at 19 mbsf and 17.8 mM around 28 mbsf. Between 60 and 90 mbsf, 
values from Hole U1550B are higher than those from Hole U1550A. Below 130 mbsf, ammonium 
concentration decreases, possibly due to incorporation into a clay mineral formed as a conse-
quence of the sill intrusion.

Phosphate (PO4
3−) concentration profiles in Holes U1550A and U1550B resemble the ammonium 

profiles with three values higher in Hole U1550A between 10 and 30 mbsf (Figure F23). In Hole 
U1550A, phosphate increases to a local maximum of 439 μM at ~28 mbsf before decreasing to less 
than half this value. In Hole U1550B, a smaller maximum of ~135 μM occurs just above the SMTZ 
around 5 mbsf. These differences may reflect distinct sedimentary conditions between the holes, 
with variations in deposit thickness. Below 30 mbsf, phosphate concentrations in both holes indi-
cate a second local maximum around 85 mbsf, but again with divergent concentrations of 473 μM 
in Hole U1550B and 288 μM in Hole U1550A. Subsequently, concentrations decrease in both 
holes to 27 μM between 127 mbsf and the bottom of the hole. The two phosphate peaks are con-
sistent with Site 481, where phosphate concentrations reach local maxima of >250 μM near 20 and 
80 mbsf and then decrease to the detection limit near and below the sill (Gieskes et al., 1982).

Figure F23 (continued).
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Bromide (Br−) concentration increases from 0.8 to 1.0 mM in the upper 20 m in both holes, and 
then the values stay within a narrow range between 0.9 and 1.1 mM to 120 mbsf. In Hole U1550A, 
values remain in this range from this depth to the bottom of the hole. In Hole U1550B, bromide 
concentration increases again to a 1.4 mM maximum at 25 m above the sill. Interestingly, this 
trend parallels the Na+ concentration increase toward the sill in the same hole.

9.2.3. Silica, calcium, magnesium, and potassium
Dissolved silica (expressed in solution as H4SiO4) starts at high concentrations near 800 μM in 
both holes (Figure F23), by a factor of 4.5 above silica concentration in the mudline water (178 μM 
in Hole U1550B) and in the Guaymas Basin bottom water (Campbell and Gieskes, 1984). This 
result suggests fast dissolution of silica minerals in the uppermost meters of sediment. Dissolved 
silica then increases from 784 μM near the seafloor to 1100–1200 μM around 120 to 140 mbsf with 
conspicuous variability that resembles a zigzag pattern; a local maximum near 25 mbsf is followed 
by a minimum near 50 mbsf and a local maximum near 75 mbsf. Below 140 mbsf, silica concentra-
tions decrease toward minimum values around 314 μM (Hole U1550B) and 450 μM (Hole 
U1550A) above the sill.

Dissolved calcium (Ca2+) concentration decreases from 10 to 3 mM in the upper 20 m, most likely 
due to increased alkalinity and calcium carbonate precipitation. Values then range between 2 and 
4 mM to 100 mbsf, and below this depth, they increase with depth to 6–8 mM above the sill. The 
highest concentration, near 13 mM, was found in the deepest sample from Hole U1550A.

Dissolved magnesium (Mg2+) concentration is around 53 mM from the seafloor to 100 mbsf, with 
a local maximum near 66 mM around 10–13 mbsf. Below 100 mbsf, values decrease to 30 mM 
close to the sill.

Dissolved potassium (K+) has a fairly consistent range of 10–11 mM from the seafloor to ~100 
mbsf with a slight increase to 12 mM around 16 mbsf. Below 100 mbsf, values decrease to 4 mM 
just above the sill.

9.2.4. Manganese and iron
Dissolved manganese (Mn = Mn2+ + Mn4+) concentration rapidly increases to 179 μM at 3 mbsf 
and then approaches 0 μM around 9 mbsf (Figure F23). A second peak, with values ranging from 
8 to 38 μM, was observed between 20 and 85 mbsf. Below this depth, concentration remains low 
(<4 μM). Dissolved iron (Fe = Fe2+ + Fe3+) is barely detectable in the upper 20 m and increases 
below this depth to variable values between 15 and 73 μM. Just above the sill, concentration 
decreases to <5 μM.

9.2.5. Boron, lithium, barium, and strontium
Boron (B; dissolved as borate; B[OH]4

−) displays some differences between Holes U1550A and 
U1550B. In Hole U1550A, boron linearly increases from the seafloor to 28 mbsf, reaching 1433 
μM (similar to the ammonium and phosphate profiles in the same hole), and then decreases to 
610–720 μM between 28 and 130 mbsf. It exhibits a minimum value of 228 μM at 156 mbsf, and 
the last value above the sill is 529 μM. In Hole U1550B, the increase is less pronounced from the 
seafloor to 28 mbsf with a maximum value of 840 μM, again resembling the phosphate profile in 
this hole. Subsequent values range between 570 and 830 μM before they increase to 1280 μM 
above the sill.

Lithium (Li+) and strontium (Sr2+) concentrations do not show large variations from the seafloor to 
100 mbsf, and concentrations range from 17 to 36 μM and from 70 to 98 μM, respectively. Two 
values from Hole U1550A are higher than those in Hole U1550B: 100 μM around 19 mbsf and 212 
μM around 28 mbsf. Li+ concentrations in Hole U1550A show a marked increase just above the sill 
to 808 μM; this increase is more pronounced and better defined in Hole U1550B, where values 
reach 1493 μM. Sr2+ concentration exhibits the same behavior, with an increase just above the sill 
to values as high as 440 μM in Hole U1550B.

Barium (Ba2+) concentration starts building up just below the SMTZ around 10 mbsf to reach con-
centrations as high as 140 μM in Hole U1550B at 19 mbsf. Then it decreases to range between 5 
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and 45 μM from 40 to 140 mbsf before increasing again just above the sill to 222 μM in Hole 
U1550B and 80 μM in Hole U1550A.

9.3. Concluding remarks
Because of the proximity of Site U1550 to Site 481 (~51 m for Hole U1550B and ~112 m for Hole 
U1550A), the IW chemistry of Site U1550 exhibits very similar trends in terms of geochemical 
profiles as those described for Site 481 (Gieskes et al., 1982). In the upper part, a shallow SMTZ 
is evident around 10 mbsf, where high methane concentrations (as high as 15 mM at 18 mbsf in 
Hole U1550A) (see Organic geochemistry) coexist with sulfate depletion and a peak of alkalinity 
as high as 90 mM (Figure F23). Overturned and deformed sedimentary layers were observed in 
cores from these holes (see Lithostratigraphy), and these disturbances would naturally lead to 
nonsteady-state profiles with different geochemical gradients depending on sediment composi-
tion and origin, especially visible in ammonium and phosphate profiles.

At depth, the influence of the sill intrusion becomes most evident. A strong increase in dissolved 
lithium and strontium is observed above the sill in both Holes U1550A and U1550B, presumably 
due to past elevated temperatures leading to release of these elements (Gieskes et al., 1982). The 
lithium profile at Site 481 contains additional data points very close to the sill that have no equiv-
alent at Site U1550; lithium concentrations show a partial reversal to lower concentrations imme-
diately adjacent to the sill that was ascribed to “retrograde reactions” after the sill cooled down 
(Gieskes et al., 1982).

In contrast to generally increasing lithium and strontium concentrations, silica consistently 
decreases near the sill, matching previous results from Site 481 (Gieskes et al., 1982). There, the 
silica profile starts near 800 μM in surficial sediments, continues in a zigzag pattern between 
around 800 and 1400 μM, and then decreases to <200 μM near the sill before increasing again, like 
in a mirror profile, in the deeper sediments below the sill (Gieskes et al., 1982). The latter was not 
drilled through at Site U1550.

10. Organic geochemistry
At Site U1550, organic geochemists performed sampling and analysis of gas and solid-phase sam-
ples. For Hole U1550A, one headspace gas sample was analyzed per 9.5 m core for routine hydro-
carbon safety monitoring; void gases were quantified and sampled for hydrocarbon, H2, and CO 
content; and the carbon, nitrogen, and sulfur content of particulate sediment were characterized. 
For Hole U1550B, hydrocarbon, H2, and CO analyses were performed on headspace gas and void 
gases were quantified and sampled for hydrocarbon, H2, and CO content. Carbon, nitrogen, and 
sulfur contents of sediment were characterized, and a comprehensive suite of gas and sediment 
samples for postexpedition analyses was taken.

10.1. Solid-phase carbon, nitrogen, and sulfur contents 
Solid-phase sediment samples were analyzed to determine the weight percent of CaCO3, total 
organic carbon (TOC), total nitrogen (TN), and total sulfur (TS) (Figure F24). In Holes U1550A 
and U1550B, sampling frequency was approximately one sample per 9.5 m core (Table T12). For 
Hole U1550A, the core description team selected samples from primary and secondary sedimen-
tary components, whereas for Hole U1550B, material was subsampled from the community gas 
(COMGAS) whole-round core for correlation to other biogeochemical data to be generated 
during onshore analyses. Trends observed in Holes U1550A and U1550B are combined for discus-
sion below.

The CaCO3 content is less than 5 wt% in the uppermost 12 m of sediment. From 12 to 200 mbsf, it 
is higher and fluctuates between 5 and 10 wt%. Layers richer in carbonate are dispersed through-
out and have CaCO3 contents as high as 20 wt%. TOC values are variable but generally decrease 
from the range of ~2.5–3.6 wt% in the upper 50 mbsf to 1.0 wt% at 200 mbsf. Below 200 mbsf, 
TOC values are lower than 2 wt% with the exception of the maximum TOC value of 6.9 wt% 
observed in a dark layer at 133.8 mbsf (Sample 385-U1550A-19F-2, 41–42 cm). For most of the 
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analyzed samples, TOC/TN values range between 5 and 10 without a clear downhole trend. These 
values indicate that the organic matter is predominantly of algal origin (Meyers, 1994). Two sam-
ples (385-U1550B-16F-3, 132–139 cm, and 20X-2, 141–148 cm) have TOC/TN values lower than 
2. These low values result from the low TOC content of these two samples and cannot be used to 
infer the origin of the organic matter. The most organic-rich sample at 133.8 mbsf has a TOC/TN 
value of 22.3, which indicates the influence of organic matter of terrestrial origin in this sample 
(Meyers, 1994). The TS content increases in the upper sediments from 0.85 wt% at 3.2 mbsf to 
1.46 wt% at 9 mbsf and remains at ~1.5 wt% to 28 mbsf. Below this depth and to the bottom of 
hole, TS content varies around an average value of 1.1 wt% without a clear trend with depth. At 
Site U1550, TS and TOC contents are not correlated and show excess sulfur compared to the nor-
mal marine trend (Goldhaber and Kaplan, 1974; Berner, 1982), with an average TOC/TS value of 
1.9.

10.2. Hydrocarbon gases
Headspace samples were taken from each core to monitor C1–C6 hydrocarbons per the standard 
safety protocol during drilling (Pimmel and Claypool, 2001). For Holes U1550A and U1550B, 55 
headspace samples were analyzed for their parts per million by volume concentration (Table T13) 
and then corrected by sample weight and porosity to determine the molar concentration of dis-
solved hydrocarbons (Table T14). Trends observed in Holes U1550A and U1550B are combined 
for discussion below.

Site U1550 hydrocarbon data are shown in Figure F25. Methane concentrations are below the 
detection limit to ~7 mbsf. Below ~7 mbsf, methane concentrations sharply increase to a maxi-
mum value of 15.39 mM at ~18 mbsf and then decrease downhole. A second local maximum of 
similar magnitude may appear at ~125 mbsf, but because of the oversaturation and rapid degas-
sing of methane in cores brought to the surface, it is not possible to know the true magnitude of 

Figure F24. CaCO3, total organic carbon (TOC), TOC/total nitrogen (TN), and total sulfur (TS), Holes U1550A and U1550B.

Sill occurence in U1550B

Sill occurence in U1550A

0 5 10 15 20 25
0

100

50

150

200

0 2 4 6 8 0 5 10 15 20 25 0 1 2 3

U1550A U1550B

CaCO3  (wt%) TOC (wt%) TOC/TN TS (wt%)

D
ep

th
 (m

bs
f)

Table T12. CaCO3, total organic carbon (TOC), total nitrogen (TN), total sulfur (TS), and TOC/TN values, Holes U1550A and 
U1550B. Download table in CSV format.

Table T13. Hydrocarbon gas (C1–C6) contents determined in headspace vials and calculated C1/C2 and C1/C+ values, Holes 
U1550A and U1550B. Download table in CSV format.

Table T14. Molar concentrations of dissolved C1–C6 hydrocarbons, Holes U1550A and U1550B. 
Download table in CSV format.
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dissolved methane concentration in this interval. Below ~125 mbsf, methane concentrations 
decrease to <1 mM in the bottommost sample at ~207 mbsf. C2–C6 compounds generally occur 
concurrently with methane and remain present throughout at the submicromolar to micromolar 
level. In Hole U1550A, C2–C6 hydrocarbons are present in low abundance with only a small maxi-
mum appearing at ~103 mbsf. In contrast, in Hole U1550B, C2–C6 hydrocarbons are present at 
low abundance with little variation to ~133 mbsf. They all sharply increase by 1–2 orders of mag-
nitude to maximum values observed at ~152 mbsf and then decrease again downhole. Unlike the 
hydrocarbon maxima observed at other locations (see Organic geochemistry in the Site U1549 
chapter [Teske et al., 2021f ]), all hydrocarbons here peak at the same depths.

These trends in methane and C+ are reflected in values of C1/C2 and C1/C+ (Figure F25). C1/C2
values in Holes U1550A and U1550B differ in magnitude and appear to have a similar trend, with 
a depth offset ranging from ~20 to 40 m. In general, C1/C2 values in Hole U1550A are greater by 
approximately an order of magnitude than those observed in Hole U1550B. In each hole, a maxi-
mum appears in the upper part of the sediment column (~56 mbsf in Hole U1550A and ~13 mbsf 
in Hole U1550B). Below these depths, C1/C2 values decrease to minima at ~121 mbsf in Hole 
U1550A and ~144 mbsf in Hole U1550B. A second local maximum is observed farther downhole 
at ~135 mbsf in Hole U1550A and ~170 mbsf in Hole U1550B, corresponding to the bottom of this 
hole where igneous rocks were recovered. In Hole U1550A, which was cored to a greater depth 
than Hole U1550B, C1/C2 values then decrease to a second local minimum at ~182 mbsf before 
increasing in the igneous rocks at the bottom of the hole. C1/C2 values have an anomalous relation-
ship with temperature in both Holes U1550A and U1550B (Figure F26), as defined by Pimmel and 
Claypool (2001). However, hydrocarbon concentrations were low in both holes, and in Hole 
U1550A, values moved from the anomalous region back into the normal C1/C2 temperature plot 

Figure F25. Dissolved C1–C6 hydrocarbon concentrations and C1/C2 and C1/C+ in headspace gas samples, Holes U1550A and U1550B. Shading denotes that drilling was 
terminated prior to determining the bottom extent of the sill.
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space (Figure F26). Therefore, coring operations were not modified in either hole, despite the 
anomalous C1/C2 values.

In addition to the headspace measurements described above, 20 void gas samples were taken from 
Holes U1550A and U1550B when void spaces were observed on the core receiving platform (Table 
T15). These samples were analyzed to determine the parts per million by volume concentrations 
and values of C1/C2 and C1/C+ (Figure F27). Void samples were dominated by methane, which was 
present at volume percent values ranging from ~60% to 92% with an average of ~74%. C2–C6
hydrocarbons are present in every interval sampled. The discernible trends mirror those seen in 
the headspace samples, namely the increase in C2–C6 hydrocarbons with depth in Hole U1550B.

For Holes U1550A and U1550B, the lengths of the void spaces within the core liner created by 
expanding gases were measured immediately after core recovery on the core receiving platform 
(Table T16). The percent of void spaces ranged from 0% to 29% and generally increased with depth 
in both Holes U1550A and U1550B (Figure F28). In the upper 35 m of Hole U1550A, void space is 
initially 14%; it then decreases to 0% before increasing with depth. In Hole U1550B, voids are 
absent in the upper 15 m and then increase with depth.

10.3. Rock incubations
During igneous rock recovery, three rock samples were incubated to facilitate degassing (see 
Organic geochemistry in the Expedition 385 methods chapter [Teske et al., 2021a]) for shipboard 
analyses of hydrocarbon, H2, and CO contents (Table T17). The concentration of CH4 within the 
pore spaces in these samples (see Organic geochemistry in the Expedition 385 methods chapter 
[Teske et al., 2021a]) ranges from ~1.5 to 3.7 mM, the pore space concentration of H2 ranges from 
~0.5 to 7 μM, and the pore space concentration of CO ranges from ~0.6 to 1 μM.

Figure F26. C1/C2 variations in headspace gas with temperature, Holes U1550A and U1550B. TOC = total organic carbon.

Geothermal gradient: 135.2°C/km

100

90

80

70

60

50

40

30

20

10

0
10 100 1000 10000 100000

U1550A U1550B

Leg: 385 Holes: A and BSite: U1550

Te
m

pe
ra

tu
re

 (°
C

)

Methane/Ethane (C1/C2)

H
ig

h 
TO

C 
(2

%
)

Lo
w

 T
O

C
 (0

.5
%

)

Anomalous

Normal

Table T15. Void space hydrocarbon gas (C1–C6) contents and calculated C1/C2 and C1/C+, Holes U1550A and U1550B. 
Download table in CSV format.
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10.4. Hydrogen and carbon monoxide
For Hole U1550B, headspace samples were taken from each core to monitor molecular hydrogen 
(H2) and carbon monoxide (CO) concentrations. Duplicate samples were collected from depths 
next to samples for safety gas monitoring of hydrocarbon gases (Table T18). Dissolved H2 and CO 
were extracted into a defined headspace, the headspace gas was analyzed, and molar concentra-
tions of dissolved H2 and CO were determined as described in Organic geochemistry in the Expe-
dition 385 methods chapter (Teske et al., 2021a). Because of the presence of H2 and CO in the 
analytical blank, the minimum quantification limits for in situ concentrations of dissolved H2 and 
CO were 40 and 150 nM, respectively. Concentrations of dissolved H2 increase with depth from 
below the minimum quantification limit at ~1.4 mbsf to 204 nM at ~152 mbsf (Figure F29). In 
contrast, CO varies from below the minimum quantification limit to 495 nM with no discernible 
downhole trend.

In addition to the headspace measurements described above, 20 void gas samples from Holes 
U1550A and U1550B were collected by gas-tight syringe and analyzed for H2 and CO contents 
(Table T19; Figure F29). In Hole U1550A, H2 content increases with depth from 2 ppmv at ~12 
mbsf to 134 ppmv at ~184 mbsf, and CO content varies around ~40 ppmv. In Hole U1550B, H2
concentrations are generally <34 ppmv with no discernible trend to the bottommost sample at 
~155 mbsf, in which an H2 concentration of 174 ppmv was observed. CO varies around an average 
value of 39 ppmv with no discernible downhole trend.

Figure F27. C1–C6 hydrocarbons, C1/C2, and C1/C+ in void gas samples, Holes U1550A and U1550B.
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Table T16. Void space gas measured in recovered core and calculated void space, Holes U1550A and U1550B. Download 
table in CSV format.
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Figure F28. Void space per meter core as percent of length, Holes U1550A and U1550B.
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Table T17. Hydrocarbon, H2, and CO gas (C1–C6) in rock incubation gas and calculated C1/C2 and C1/C+ values, Holes U1550A 
and U1550B. Download table in CSV format.

Table T18. Molar concentrations of dissolved H2 and CO, Holes U1550A and U1550B. Download table in CSV format.

Figure F29. Concentrations of H2 and CO dissolved in headspace (pore water) and void gas samples, Holes U1550A and 
U1550B.
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Table T19. Void gas H2 and CO content, Holes U1550A and U1550B. Download table in CSV format.
85.107.2021 publications.iodp.org · 42



A. Teske et al. · Site U1550 IODP Proceedings Volume 385

https://doi.org/10.14379/iodp.proc.3
11. Microbiology

11.1. Sampling
Sediment cores for microbiological studies were obtained from Hole U1550B using the APC, 
HLPAC, and XCB coring systems. Hole U1550B is located in the northern axial valley ~51 m east-
southeast from DSDP Site 481, where enrichments for hydrogenotrophic methanogens have been 
conducted and living methanogens were detected in shallow cores (Oremland et al., 1982). 
Because of its comparatively cool temperatures, this site presents an opportunity for microbiolo-
gists to examine the microbial abundance and community structure in sediments with a lower 
temperature gradient (134°C/km; see Petrophysics) compared to the other Expedition 385 sites. 
Sampling for cell counting, RNA analyses, and contamination tracing was performed as described 
in Microbiology in the Expedition 385 methods chapter (Teske et al., 2021a).

Detailed curatorial information about all samples taken (e.g., core, section, interval, and absolute 
depths of samples) can be retrieved from the Curation and Samples Laboratory Information Man-
agement System Online Report (http://web.iodp.tamu.edu/LORE).

11.2. Microbial cell detection and enumeration

11.2.1. Microbial cell counts
Cell abundance was determined by direct counting with an epifluorescence microscope. For ship-
board analysis of sediment, samples (1 cm3) were aseptically taken from Hole U1550B sections 
using tip-cut syringes; selected samples (Sections 385-U1550B-1H-1, 1H-3, 2H-3, 3H-3, 4H-4, 
6H-4, 8H-3, 11H-4, 15H-3, 19X-4, and 20X-3) were processed using the noncell extraction 
protocol described in Microbiology in the Expedition 385 methods chapter (Teske et al., 2021a). 
Cell abundance was 3.1 × 106 cells/cm3 in bottom seawater and 1.1 × 109 cells/cm3 in seafloor 
sediments. Below the seafloor, cell abundance gradually decreased to 1.3 × 106 cells/cm3 at approx-
imately 94.5 mbsf (Figure F30). Cell abundance dropped below the detection limit in Section 15F-
3 (122.1 mbsf ) and remained at this undetectable level throughout the remainder of the hole.

11.2.2. CARD-FISH cell counts of fungi
For catalyzed reporter deposition–fluorescence in situ hybridization (CARD-FISH) cell counts of 
fungi, ~10 cm3 sediment samples from Sections 385-U1550B-1H-2, 2H-2, 3H-2, 4H-3, 5H-2, 6H-
3, 7H-2, 9H-2, 10H-2, 11H-2, 13F-2, 17F-2, and 19X-2 were fixed, washed, and stored as outlined 
in Microbiology in the Expedition 385 methods chapter (Teske et al., 2021a).

Figure F30. Microbial cell abundance versus depth, Hole U1550B. Insets: microscopic field views used to count microbial 
cells (top = 1H-1; bottom = 11H-4). White triangle indicates cell count below the detection limit of shipboard epi-
fluorescence microscopy.
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11.3. Microbial activity measurements

11.3.1. Single-cell stable isotope analysis
Whole-round samples taken from Sections 385-U1550B-1H-3, 2H-3, 3H-3, 5H-3, 7H-3, 9H-3, 
11H-3, 13F-3, 17F-3, and 19X-3 were immediately stored at ~4°C under anaerobic conditions in 
preparation for potential shore-based incubation and single-cell stable isotope analysis using 
nanoscale secondary ion mass spectrometry (NanoSIMS) (see Microbiology in the Expedition 
385 methods chapter [Teske et al., 2021a]).

11.3.2. Sulfate reduction activity
Whole-round samples (length = 10 cm) were taken from Sections 385-U1550B-1H-2, 2H-2, 2H-4, 
3H-2, 3H-4, 4H-3, 5H-2, 7H-2, 9H-2, 11H-2, 13F-2, 15F-2, 17F-2, and 19X-2 and immediately 
stored anaerobically at ~4°C. Because of the shallow SMTZ at approximately 5–15 mbsf, a higher 
sample density was chosen for the upper 30 mbsf. All samples were collected and stored for shore-
based analysis.

11.4. Cultivation experiments

11.4.1. Cultivation of methanogenic subsurface microorganisms
Sediment samples from Hole U1550B were selected for stable isotope incubations and enrich-
ments of potential methanogenic populations (Table T20). Corresponding sediment slurries were 
prepared as described in the expedition-specific protocols (see Microbiology in the Expedition 
385 methods chapter [Teske et al., 2021a]) to enable later enrichments in the home laboratory on 
shore. As a starting point for enrichment and incubation monitoring, subsamples of around 50 
cm3 were frozen at −80°C within a few hours of core recovery for planned shore-based meta-
genomic and metabarcoding analyses.

11.4.2. Cultivation experiments for fungi
For each sample (Sections 385-U1550B-1H-2, 2H-2, 3H-2, 4H-3, 5H-2, 6H-3, 7H-2, 9H-2, 10H-2, 
11H-2, 13F-2, 17F-2, and 19X-2), two enrichment cultures were initiated by placing 5 mL of sedi-
ment into each of two 30 mL Hungate bottles with 15 mL of filtered bottom water, filling with 
Biomix gas (5% H2:70% N2:25% CO2), capping, and storing at ~4°C. Additional live sediment over-
laid with filtered bottom water was stored anaerobically in 250 mL glass bottles flushed with Bio-
mix gas and stored at ~4°C. These samples will be subjected to fungal enrichment experiments in 
a shore-based laboratory.

11.4.3. Methanogenic and sulfate-reducing microbial enrichments and DNA 
preservation for metagenomic analyses
Whole-round core samples were collected from Hole U1550B (Sections 9H-2, 11H-2, 13F-2, 17F-
2, and 19X-2) for shore-based microbial enrichments and DNA extraction for downstream meta-
genomic analyses. Whole-round core samples of 10 cm in length were stored in anaerobic (N2
gassed) Mylar bags at ~4°C for shore-based enrichments and in sterile Whirl-Pak bags at −80°C for 
shore-based metagenomic analyses.

Table T20. Sediment samples used for enrichments and cultivations of methanogens. Download table in CSV format.

Site Hole Core, section Depth (cm) Subsamples/analysis

U1550 B 1H-2 81–111 Subsampled (anoxic 4°C, –80°C)
U1550 B 2H-2 111–141 Subsampled (anoxic 4°C, –80°C)
U1550 B 3H-2 81–111 Subsampled (anoxic 4°C, –80°C)
U1550 B 5H-2 80–110 Subsampled (anoxic 4°C, –80°C)
U1550 B 7H-2 81–111 Subsampled (anoxic 4°C, –80°C)
U1550 B 9H-2 45–75 Subsampled (anoxic 4°C, –80°C)
U1550 B 13F-2 35–65 Subsampled (anoxic 4°C, –80°C)
U1550 B 19X-2 30–40 Subsampled (anoxic 4°C, –80°C)
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12. Petrophysics
Measurements of physical properties on whole-round cores and section halves (primarily working 
halves) were compared between Holes U1550A and U1550B for lithostratigraphic characteriza-
tion and correlation with core description information. These holes were cored to ~207 mbsf 
(Hole U1550A) and ~173 mbsf (Hole U1550B), and a good correlation based on measurements of 
physical properties was obtained, although some slight differences were visible.

Four in situ formation temperature measurements were conducted using the APCT-3 and SET2 
tools to calculate geothermal gradient and heat flow. Conductivity measurements made on cores 
from both Holes U1550A and U1550B show a similar increasing trend with depth. Rheological 
measurements reveal a general trend of increasing shear strength and identify three distinct depth 
intervals within this trend: from the seafloor to 43 mbsf, 43–86.5 mbsf, and below 96.5 mbsf. 
Porosity strongly decreases due to the presence of a sill at the bottom of both holes. Rheology and 
porosity measurements can be correlated with three lithostratigraphic subunits (IA–IC) and are 
negatively correlated with the rest of the physical properties (i.e., bulk density). Measured physical 
properties for Holes U1550A and U1550B show a good correlation with depth except at ~80 mbsf, 
where the peaks of NGR, MS, and P-wave velocities vary. These physical properties reflect the 
presence of a sill found in both holes: at ~204 mbsf in Hole U1550A and at ~170 mbsf in Hole 
U1550B.

12.1. Data acquisition
Core laboratory measurements were conducted as explained in Petrophysics in the Expedition 
385 methods chapter (Teske et al., 2021a) for Holes U1550A and U1550B. Measured properties 
and measurement procedures are listed in Tables T17 and T18 in the Expedition 385 methods 
chapter (Teske et al., 2021a).

12.2. Downhole temperature and thermal conductivity

12.2.1. Downhole temperature
Four in situ formation temperature measurements were conducted using the APCT-3 and SET2 
tools (see Petrophysics in the Expedition 385 methods chapter [Teske et al., 2021a]). Measured 
formation temperatures range from 7.92°C at 34.3 mbsf (Core 385-U1550A-4H) to 19.2°C at 125.4 
mbsf (Core 16F) (Table T21). These values indicate that the formation temperature increases with 
depth along a linear geothermal gradient of 135°C/km (Figure F31A). The slope of the linear fit 
between thermal resistance and formation temperature (Figure F31C) indicates a heat flow of 110 
mW/m2.

12.2.2. Thermal conductivity
Thermal conductivity for Holes U1550A and U1550B varies between ~0.65 and ~1.66 W/(m·K) 
with a mean of 0.90 ± 0.27 W/(m·K) (Figure F31B). Measurements for Hole U1550B show a trend 
similar to values from Hole U1550A.

Table T21. Summary of advanced piston corer temperature (APCT-3) and Sediment Temperature 2 (SET2) formation tem-
perature measurements, Hole U1550A. Download table in CSV format.

Core
Depth 
(mbsf)

Temperature 
(°C) Tool

385-U1550A-
4H 34.3 7.92 APCT-3
6H 53.3 10.6 APCT-3
12H 110 19.94 APCT-3
16F 125.4 19.2 SET 2
85.107.2021 publications.iodp.org · 45
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12.3. Density (core and grain)
Moisture and density (MAD) bulk density measurements are in good agreement with the upper 
values obtained from gamma ray attenuation (GRA) bulk density measurements (Figure F32B). 
Density increases in the uppermost ~55 m from 1.1 g/cm3 at the seafloor to a maximum value of 
~1.9 g/cm3. After a small decrease to 1.3 g/cm3 at ~58 mbsf, density increases linearly to ~2.0 
g/cm3 at ~87 mbsf for Hole U1550A and 1.8 g/cm3 at ~92 mbsf for Hole U1550B. From 94 to 140 
mbsf, density is generally lower, ranging from 1.3 to 1.6 g/cm3. Finally, relatively constant values 
around ~1.6–1.8 g/cm3 (MAD) are observed between ~145 and ~200 mbsf (Figure F31B).

Peak density values observed at ~5, ~55, ~86, ~115 and 145 mbsf are consistent with peaks in 
NGR, MS, and P-wave velocity. The general density trend from the seafloor to ~55, ~55 to ~87, 
and ~102–142 mbsf is negatively correlated with porosity and positively correlated with rheo-
logical parameters (Figure F32).

The basaltic to doleritic sills encountered at the bottom of both holes (U1550A = ~204 mbsf; 
U1550B = ~170 mbsf ) show relatively high densities. For Hole U1550A, GRA values up to ~2.4 
g/cm3 are close to the MAD measurement of ~2.5 g/cm3, and the sill material recovered from Hole 
U1550B also has GRA density values up to ~2.4 g/cm3.

12.4. Magnetic susceptibility
MS was measured on the Whole-Round Multisensor Logger (WRMSL) (MS) and the Section Half 
Multisensor Logger (SHMSL) (point magnetic susceptibility). Values are in very good agreement 
along the entire profile (Figure F32C) and correlate with peaks observed in NGR, density, and P-
wave velocity. Values are around ~11 × 10−5 SI in both holes and are mainly constant to ~50 mbsf. 
From ~55–110 mbsf, MS values show a mean of ~18 × 10−5 SI. A decrease to a mean value of ~16 
× 10−5 is observed around 150 mbsf. From this depth to the bottom of Hole U1550A, values range 
from 10 × 10−5 to 100 × 10−5 SI.

High MS values are consistently observed at the depth of the recovered sills encountered in both 
holes (Hole U1550A = ~204 mbsf; Hole U1550B = ~170 mbsf ).

12.5. Sonic velocities
P-wave velocities measured with the WRMSL and Section Half Measurement Gantry (SHMG) 
caliper for the uppermost sediment are close to the velocity of seawater (~1500 m/s) from ~10 to 
75 mbsf (Figure F32D). Both whole-round and caliper measurements are in good agreement in 

Figure F31. Heat flow calculations, Site U1550. A. Formation temperature measurements. APCT-3 = advanced piston corer temperature tool, SET2 = Sediment Tem-
perature 2 tool. B. Measured thermal conductivity. C. Heat flow, q (mW/m2), shown as the slope of the line relating measured T(z) to cumulative thermal resistance.
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this interval. The peaks observed at ~5, 55, and 80 mbsf show maxima of 1635, 1670, and 1700 
m/s, respectively. These three peaks are in good agreement with other physical properties (e.g., 
NGR and density). At depths greater than ~100 mbsf, measurements are inconsistent due to voids, 
cracks, and small fractures in the sediment. Four individual P-wave caliper values on section 
halves at ~150 mbsf show a mean of 1644 m/s (Figure F32D).

12.6. Natural gamma radiation
NGR values for Holes U1550A and U1550B are similar. A first peak value of up to 32.5 counts/s is 
observed at ~5 mbsf. This peak is positively correlated with similar peaks in density, MS, and P-
wave velocity and negatively correlated with porosity and rheological parameters. Similar relations 
are observed at ~55, ~80–90, ~112, and ~135 mbsf. These depths mark the lower bound of a series 
of linear NGR increases:

• From a few meters below the seafloor to around 55 mbsf, values range from 8 to 36 counts/s.
• After a decrease to ~12 counts/s, values vary between 17 and 60 counts/s at ~60–82 mbsf in 

Hole U1550A and 63–91 mbsf in Hole U1550B with slightly lower values between 60 and 48 
counts/s.

• After remaining relatively constant at ~25 counts/s from ~90 to 110 mbsf, NGR values for both 
holes increase from a low 16.5 counts/s at 113 mbsf to a high value of ~47 counts/s at ~135 
mbsf.

• The final interval, 142–200 mbsf, shows relatively constant values of ~40 counts/s.

Hole U1550A shows an increase in NGR from ~75 to 80 mbsf that is consistent with low measured 
values for density, porosity, and rheological parameters and high values of MS and P-wave velocity. 
NGR values for Hole U1550B show a similar correlation with density and MS 10 m deeper. The 
maximum value of NGR, 49 counts/s, is observed at 91 mbsf.

Figure F32. Physical properties, Holes U1550A and U1550B. A. Recovery and lithostratigraphic columns (depicted lithostratigraphy represents Hole U1550A). B. Den-
sity. GRA = gamma ray attenuation, MAD = moisture and density. C. Magnetic susceptibility (MS). D. Sonic velocity. E. Natural gamma radiation (NGR). cps = counts per 
second. F. Rheology. AVS = automated vane shear, PEN = pocket penetrometer. G. Porosity.
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12.7. Rheology
Three main depth intervals are identified by the rheological measurements (Figure F32F):

• From the seafloor to 43 mbsf, both shear and compressional strength increase in parallel from 
a subseafloor value of 2.4 kPa to 58.8 kPa.

• Between 43 and 86.5 mbsf, shear strength values measured by the two independent methods 
(automated vane shear [AVS], pocket penetrometer [PEN] value divided by 2) converge. Both 
data sets are negatively correlated with density variations and positively correlated with poros-
ity. Shear strength values vary between 58 and 126.6 kPa (AVS) and between 24.5 and 98 kPa 
based on measurements from the PEN (PEN value divided by 2).

• Starting at 96.5 mbsf, strong increases in both shear and compressive strength are observed, 
with a greater gap between the low values. Shear strength varies around 100 kPa (AVS), 112.5 
and 245 kPa (PEN value divided by 2).

Below 125 mbsf, the sediments recovered become too strong to be measured with the AVS. We 
stopped measuring compressive strength on cores from depths greater than ~157 mbsf. Below this 
depth, the integrity of the material recovered was greatly compromised and thus not representa-
tive of undisturbed material properties.

12.8. Porosity
Porosity data derived from MAD measurements (Figure F32G) show the depth variation in den-
sity with a decrease from 93% at the seafloor to 62% at ~52 mbsf. Porosity decreases from 78% to 
41% from ~58.5 to 87 mbsf. Between 94 and 143 mbsf, porosity remains relatively constant at 
~67%–69%. It is also relatively constant at ~50% between ~145 and ~200 mbsf.

Finally, the sill intrusion found at ~204 mbsf in Hole U1550A has a measured porosity of 23.5%, 
which is consistent with its medium-grained, doleritic texture (see Igneous petrology and alter-
ation).

12.9. Data integration and lithology correlation
Correlated peak values in NGR and MS at 5.5, 55, and 82–87 mbsf correspond to the base of slump 
deposits of various thicknesses, each outlined by a relatively thin (a few meters) base of sand (see 
Lithostratigraphy). In general, correlated variations in petrophysical properties with depth can 
also be aligned with the lithologic descriptions. Between the seafloor and 85 mbsf, the relative 
increase in density, NGR, and MS and decrease in porosity is correlated with a diatom-rich litho-
logy with more silty clay and diatom ooze–rich occurrences (see Lithostratigraphy) (Figure F32). 
The depth interval from ~85 to ~110 mbsf is characterized by relatively constant petrophysical 
properties (Figure F32) and corresponds to a diatom ooze and diatom clay interval (see Lithostra-
tigraphy). Between 115 and 135 mbsf, the progressive change in lithology from diatom clay to silty 
sand is correlated with an increase in density, NGR, and MS, marking the transition toward more 
indurated sediments below 132 mbsf (siliceous claystone) (see Lithostratigraphy) (Figure F32).
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